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sing. In some regions these demands are exceeding capacities to supply water. Our old water institutions, laws, regu
s, treaties and agreements are straining to meet the new demographic realities.

ghout the world there is a growing need to build a capacity for integrated water management in order to create new
tunities for cooperation, community and peace building; to respond to scarcities; and to manage local, national and
boundary conflicts.

ing this capacity for integrated water management calls for a new dialogue between many different private and
c communities – policy making, diplomatic, administrative, financial, legal and technical/scientific. This dialogue
also include the traditional water communities – industrial, urban, agricultural and transportation.

r Policy provides a forum for this dialogue. It invites these communities into this forum both to shape and to be
d by thinking and debate on water policy worldwide.

ournal will publish analyses, reviews and debates on all policy aspects of water resources. Examples of such topic

stems, engineering, management and restoration
eering and design
-basin and watershed management
ple uses of water
tion monitoring and control
gement, use and sharing of trans-boundary water, treaties and allocation agreements
city building
control and disaster management

ndwater remediation and the conjunctive use of groundwater and surface water
c participation, consensus building and confidence building
ict management and negotiations of water resources
nd management
ercialization of water

rated water resources management
ation of risks among stakeholders

r Policy also encourages the submission of books and, in particular, grey literature for review.
crea
tion

hrou
ppor
ans-

uild
ubli
ust

ate
ape

he j
re:

cosy
ngin
iver
ulti
ollu
ana
apa
lood
rou
ubli
onfl
ema
omm
teg
lloc

ate
Aims and Scope of the Journal

management and water infrastructure are preconditions for civilization, and demands on our water resources are
-

s



Editorial

Water and Disasters: Cases from the High Level Experts and
Leaders Panel on Water and Disasters

Jerome Delli Priscolia and Kenzo Hirokib
aEditor-in-Chief, Water Policy and Senior Advisor USACE, USA

bDepartment of Water Resources, (MLIT), Japan

Water is life. But water is also a threat to life. During the past decade, the risks from water-related
disasters are increasing and hamper sustainable development by causing political, social, and economic
upheaval in many countries. Water-related disasters, such as floods, droughts, storm surges and tsuna-
mis, account for 90% of all disasters in terms of number of people affected.
The issue of “water and disasters” must be addressed if we hope to make sustainable development a

reality. We must share our experiences and lessons learned, strengthen regional coordination and collab-
oration, and set common goals and targets in order to lay a foundation for weathering the water-related
disasters to come, and make progress towards creating a better-prepared and more resilient society. All
these elements should be translated into clear-cut messages and practical advice for decision makers to
create effective policies and mechanisms that address water and disaster issues appropriately at all levels.
The High Level Experts and Leaders Panel on Water and Disasters (HELP) was established to assist

the international community, governments and stakeholders in mobilizing political will and resources. It
will promote actions to raise awareness, ensure coordination and collaboration, establish common goals
and targets, monitor progress, and take effective measures aimed at addressing the issues of water and
disasters.
During 2014, members of HELP solicited case studies on water and disasters. After review, these con-

tributions comprise this special issue of Water Policy. The cases and the special issue were also done to
provide input to discussion on this topic at the World Water Forum 7 in the Republic of South Korea.
The special issue consists of 10 cases studies and concludes with a summary position paper of mem-

bers of the HELP: ‘Water-Related Disaster Risk Reduction: Time for Preventive Action: Position paper
of the High Level Experts and Leaders Panel on Water and Disasters’.
The special Issue begins with ‘A Global Perspective on Flood Disasters’ written by Dr Wolfgang

Kron of the Munich Reinsurance Company (Kron, 2015). The article notes that various disasters in
recent decades have confirmed that the risk from water-related events has been increasing significantly
worldwide. The driving factors of this risk are the unabated increase in global population, the concen-
tration of people in high-risk areas such as coasts, flood plains and hillsides, the rise in vulnerability of
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assets, infrastructure and social systems, and the consequences of environmental and climatic changes.
The article concludes that risk reduction requires general awareness at all levels of society and a partner-
ship between the public sector, the people concerned and the insurance industry. It also notes that
structural and non-structural precautionary measures are always cheaper in the long run than paying
losses and that overall economic consequences are significantly less severe in societies with a high
insurance penetration.
Specific cases follow this global overview and begin with a Japanese analysis of ‘Lessons Learned

from Mega-Disasters and Future Policy Development on Water-related Disaster Management in
Japan’ (Tachi, 2015). The article presents lessons learned from the Great East Japan Earthquake and
Tsunami, a disaster caused by a low-probability but extremely large hazard, and introduces the distinct
features of Japanese water-related disaster management, including those enhanced and strengthened
based on the recent lessons. Finally, drawing from Japan’s experiences, it offers messages to be sent
to the world from the water-related disaster community.
An article on the world renowned Dutch Delta works, ‘The Deltaplan revisited: Changing perspec-

tives in the Netherlands’ flood risk reduction philosophy’, follows (Schultz van Haegen & Wieriks,
2015). It was prepared by Minister Melanie Schultz van Haegen, and Koos Wieriks. The article
notes that worldwide, the risk of weather-related disasters, such as floods and landslides, has increased
strongly over the last decades. This has caused the Netherlands to adjust their policies to water disaster
reduction. The example of the changing perspectives in the Netherlands’ flood risk reduction philosophy
illustrates the concepts of integrated disaster risk reduction to water-related disasters in general. It notes
that measures can be designed based on future scenarios and a flexible, adaptive approach that allows for
switching between strategies along adaptation pathways when needed in view of socioeconomic devel-
opments or climate change is necessary. It concludes that disaster risk reduction; Water Resources
Management and Climate Adaptation should no longer be treated as separate topics but should be
merged into an integrated approach. It calls for a further elaboration of the Hyogo framework, the Sus-
tainable Development Goals (including SDGs on water and urbanization), the UNFCCC, and Habitat
III. It finally cautions to make sure that the boundary conditions for the implementation of the necessary
measures to reduce risk and increase resilience are in place, such as long-term funding, the elements of
fair governance, and stakeholder participation.
Drs Jerome Delli Priscoli and Eugene Stakhiv of the US Army Corps of Engineers follow with

‘Water-Related Disaster Risk Reduction (DRR) Management in the United States: Floods and Storm
Surges’ (Delli Priscoli & Stakhiv, 2015). The article combines a review of history, concepts and com-
parison of lesson from three recent cases of Hurricane Katrina, 2011 Mississippi floods and Hurricane
Sandy. Reviewing history, this article describes a US federal system that presents major challenges to
coordinating water resources development and DRR, at both the watershed level and metropolitan area
scales.
This article reviews the performance of existing flood protection systems of three recent disasters;

Hurricane Katrina (2005), Superstorm Sandy (2012) and the Mississippi River flood (2011), and the
effectiveness of post-flood reconstruction plans. These three events provide insights into the evolution
of the federal system and how the ‘federal interest’ was and is being implemented, and what it portends
for future management. The cases revealed new vulnerabilities and weaknesses in the US DRR
responses and planning, while contrasting the relative successes of long term, strategic DRR planning
and investments in the case of the Mississippi River and Tributaries system. The article analyses this

history and recent cases primarily from the perspective of the US Army Corps of Engineers, whi
ch
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has been a major federal actor and proponent of these policies throughout US history, with varying
degrees of implementation authority in each of the three cases.
Floods and typhoons are two of the greatest water disasters affecting South East Asia. Keizrul Abdul-

lah et al., in a ‘Tale of Three Cities’, notes that the rapid pace of development in the South East Asia
region has resulted in a disproportionate increase of the runoff and a many fold increase in river dis-
expected to be further aggravated due to the impact of global warming and climate change. To cope
with such challenges, countries in South East Asia are developing their policy responses tailored to
suit their local conditions and environment.
This article looks at the water disaster situation and the policy responses in three cities in South East

Asia. The cities are Bangkok, Kuala Lumpur and Metro Manila, the capital cities of the Kingdom of
Thailand, the Federation of Malaysia and the Republic of the Philippines, respectively. Although all
three countries are in the same climatic zone, i.e. the monsoonal humid tropics, due to their geographical
locations, water disasters impact differently on them and so too the remedial measures differ.
Wolfgang Grabs and Hans Moser of the Federal Institute of Hydrology, Koblenz, Germany and the

International Commission for the Hydrology of the Rhine Basin, Lelystad, The Netherlands, contributed
an article entitled ‘Elbe Floods Translating Policies into Actions – The Case of the Elbe River’ (Grabs &
Moser, 2015). The article describes methods and processes to link policy development to the implemen-
tation of these policies in actionable implementation plans. It is shown that policies can only be
implemented effectively if they are embedded in a legal framework that is designed to facilitate achieve-
ment of the policy objectives.
Similar to the situation described in the US article, the article shows different levels of policy-making

and decision-support for the development of policies at different levels, ranging from the level of Fed-
eral States in Germany to the trans-boundary level and policy development and implementation at the
level of the European level in the framework of the European Framework Directive. Using the Elbe
River as a case study, the paper shows the need for anchoring regional, trans-boundary and state
level policies to mandated national institutions.
key lesson learnt from the Elbe river basin is that policy integration is of utmost importance: pol-
s need to be developed and existing policies be adapted at different levels across sectors in such a
that these policies are mutually complementary, non-contradictory and implementable to achieve
roved integrated flood risk management. Action Plans that foster the implementation of policies
d to be flexible to respond to changing conditions and the availability of resources for their
lementation. The paper also demonstrates that a balance needs to be reached with regard to structural
non-structural measures in flood risk management to arrive at a truly integrated flood risk manage-

nt strategy and its implementation. The development of research policies on the basis of sound
nce is indispensable in support of policy development and its implementation.
artine Grambow et al., in ‘Lessons Learned from the Big Floods, 1993–2013 – the Bavarian Flood
on program 2020 plus’, note that flood protection has historically been critical to society’s advance-
political and global changes from growing vulnerability, the system of natural hazard management
st be audited on a regular basis. This is illustrated using the example of Bavaria. The lessons from the
floods in the period of 1999–2013 led to a fundamental modification in the existing integral flood
tection strategy of Bavaria. Concepts of flood risk management and resilience, dealing with extreme
d events, which exceed the design discharge of protection systems, came to the fore. That includes
geo
mu
big
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rges leading to more frequent and more intense flooding (Abdullah et al., 2015). This situation is

nt (Grambow et al., 2015). Today they state that against the background of meeting the partially
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management of flash floods or floods, handling of potential retention areas, inclusion of insurance
resettlement or the burden of maintenance are further challenges, which are briefly addressed in the f
lowing article.
The Bavarian case is followed by ‘Losing memory – the risk of a major flood in Paris region

Improving prevention policies’ (Baubion, 2015). This article provides a snapshot of the key findin
of the OECD Review on flood risk prevention policies in the Paris metropolitan area. With an innovat
flood risk analysis model, the study shows that a major flooding of the Seine River similar to the flo
disaster of 1910 could affect up to 5 million residents in the greater Paris area and cause up to 30 billi
Euros worth of damage. Economic growth, jobs and public finances could also be significantly affect
at the national level. The OECD Review on Flood Risk Management of the Seine River – commission
by the Basin Organization Seine Grand Lacs with the French Ministry of Ecology and Île-de-Fran
regional council – recommends raising risk awareness among citizens and businesses and improvi
the resilience of the metropolitan area to flood risks. Recent floods in Europe and New York City’s H
ricane Sandy disaster in 2012 illustrated the vulnerability of today’s ever-denser cities to flooding a
the need to adapt critical infrastructure systems to be able to cope with extreme weather events. T
1910 Paris flood took several weeks to subside. The absence of a major flood in the Paris region
the past half century means the spectre has largely faded from collective memory. Yet populati
growth and the density of transport and energy infrastructure that has grown up around the French ca
tal mean the area is greatly exposed to flood risks, despite the upstream dam-reservoirs and oth
defences now in place. The OECD review suggests ways to minimise the risks and better prepare t
Île-de-France region. It notes that proposed projects to develop and expand the city’s transport and log
tics networks offer an opportunity to put some of its suggestions into practice.
In the article ‘Integrated policies and practices for flood and drought risk management’, Grobic

et al. (2015) offer a perspective form the Global Water Partnership (GWP). The article argues for
integrated approach to the management of water-related disasters that becomes a full part of the politi
decision-making process at the earliest possible moment and focuses on preparedness, mitigating t
negative impacts and also considering the positive impacts, particularly of floods. By doing this th
is an opportunity to consider the three pillars of sustainable development, and understand the optio
that exist and the trade-offs that may need to be made between economic efficiency, environmental su
tainability and social equity. Within the post-2015 agenda, water-related disasters are addressed
targets under a number of different Sustainable Development Goals. It says that there is an urge
need to build disaster-resilient societies through more integrated policies and practices, including stak
holders’ perspectives and a partnership approach. The article provides comparative stakehold
perspectives and approaches from around the world that are putting these ideas into practice.
In the final article Bruna Mendonca et al., in ‘Integrated Actions in the Management of Criti

Hydrologic Events: Flood Vulnerability Atlas and Situation Rooms’, describe an operational approa
now taken in Brazil (De Sá E Mendonça & De Abreu, 2015). The authors note that due to the increase
urban populations, there was also an increased incidence of critical events, especially those related
floods and landslides. Since the implementation of the National Civil Defense System in Brazil,
focus on disaster management is no longer just to those affected. It has become one of managing disas
risk, in addition to the response, including prevention and minimizing the effects of the critical eve
The article describes the expansion of a Hydrological Monitoring Network, in particular the Alert N
work, the completion of the Atlas of Vulnerability to Floods and deployment of Situation Rooms in t
ki
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es. These are all meant to strengthen the role of disaster risk management and enable greater respon-
ness to these events and use the information gathered as a water resources management tool.
he Special Issue concludes with a short statement of the members of the HELP entitled ‘Water-
ted Disaster Risk Reduction: time for preventive action’ (Wieriks & Vlaanderen, 2015). It is a pos-
n paper of the High Level Experts and Leaders Panel on Water and Disasters.
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Flood disasters – a global perspective

Wolfgang Kron
Geo Risks Research, Munich Reinsurance Company, Koeniginstrasse 107, 80791 Munich, Germany

E-mail: wkron@munichre.com

Abstract

Various disasters in recent decades have confirmed that the risk from water-related events has been increas
significantly worldwide. Among those events are tsunamis, storm surges, river floods, flash floods, mass mo
ments and droughts. The driving factors of this risk are the unabated increase in global population,

Water Policy 17 (2015) 6–24
assets, infrastructure and social systems, and the consequences of environmental and climatic changes. R
reduction requires general awareness at all levels of society and a partnership between the public sector,
people concerned and the insurance industry. Structural and nonstructural precautionary measures are alw
cheaper in the long run than paying losses. Overall economic consequences are significantly less severe
societies with a high insurance penetration.

Keywords: Disaster losses; Flood risk; Insurance; Risk management; Risk reduction; Water-related disast

Introduction: recent water-related disasters

Water is responsible for most natural disaster losses in the world. Every year, various regions suf
from water-related disasters resulting from rainfall or snowmelt, storm surges, tsunamis, landslides
drought. In particular, 2013 was a year with some exceptional floods. The most severe in terms
loss of life and property occurred in the Philippines (storm surge during Typhoon Haiyan), cent
Europe and Uttarakhand (India), but there were also significant, and for the areas concerned disastro
events in Colorado (USA), Canada, Mexico, Indonesia, Australia and southern Africa (South Afri
Mozambique/Zimbabwe) (Munich Re, 2014). In the first half of 2014, floods devastated vast areas
some Balkan countries, and a landslide in Afghanistan buried a village, causing about 400 fataliti
Droughts have been frequent and very costly in the United States in recent years, but have probab
had more serious impacts on nations in East and Southeast Asia and in Africa’s Sahel zone, especia
Somalia and Sudan.

doi: 10.2166/wp.2015.001
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he year 2011 saw the dramatic consequences of a tsunami and two extreme river flood events, one in
iland and one along the Mississippi in the United States. The two river floods clearly showed how
erent the consequences can be depending on the different status of flood preparedness. The Thailand
d also revealed drastically the possible global effects of a local event.
ables 1 and 2 display the greatest flood disasters in terms of monetary losses (.US$5 bn1) and those
h the highest death tolls (.1,500) since the beginning of the century. Disasters with high monetary
es mainly occur in well-developed countries (Table 1), whereas high numbers of fatalities are
ally related to events in poor regions (Table 2). But even though in poor countries natural disasters
n do not produce high monetary loss figures in absolute terms – and sometimes not even high death
s – they may still be severe and momentous for the country affected. On the other hand, events which
se comparably little physical damage – like the eruption of the Eyjafjallajökull volcano in Iceland in
ril 2010 – may produce costs running into several hundred million US dollars a day by interrupting
ate and business lives and the flow of goods.
able 1 also reveals that the insured portion from the costliest events was much higher in developed
ation’s burden on the budget and economy. Therefore, disasters usually affect poor countries in a
ch more pronounced way than rich countries.
isasters can take very different forms: in terms of scale (regional intensity or large-scale impact),
h number of fatalities, huge monetary losses and severe impact on the local economy. Many disasters
pen on coasts. Coasts, due to their concentration of people and assets in combination with a variety
azards, are certainly the high-risk areas of the world (Kron, 2013). One third of the world’s popu-
on lives here. There is no doubt that natural disasters, especially weather-related events, have been
reasing dramatically in frequency and intensity.
he fact that large losses of life are less frequent nowadays than in the past testifies to the efficiency of
dern technological achievements and efforts in disaster reduction, initiated for instance by the Inter-
ional Decade for Natural Disaster Reduction (IDNDR), which was proclaimed by the United Nations
he 1990s. However, Cyclone Nargis and the two great tsunamis showed it is by no means guaranteed
igure 1 shows (as percentage distributions for four types of water-related disasters and ‘other’ dis-
rs in which water is not a significant factor) the number of loss events in the period 2000–2014, the
lities they caused, and the overall and insured losses. In about half of the loss events (45%), fatalities
%), overall losses (59%) and insured losses (53%), water plays a role. All percentages shown in
ure 1 are rather stable; they do not differ much from results obtained for the period 1980–2014.
t is normally not possible to attribute all losses in a disaster clearly to the different hazards. Tropical
lones in particular almost always produce losses from wind and water (rainfall, storm surge), whose
res vary considerably from event to event. Attributing 50% to each of the two causes – wind and
er – on average is probably not too far off from reality. In the category ‘Other events’, winter
ms (through storm surges) and convective storms (through flash floods) also have water-related
components, but their impact on losses is rather low, in the order of one percentage point. The

talities’ ring chart in Figure 1 does not include the category ‘Drought’, which gives rise to victims
irectly through famine. The latter is generally related to poor societal conditions and therefore not
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Table 1. Water-related disasters in the period 2000–2014 in which material losses of US$5 bn and more (original valu
occurred.

Year Country/region Event/basin(s)/area
Overall losses due to
water (US$ bn)

Insured losses due to
water (US$ bn)

% insure
(�)

2005 USA Hurricane Katrina
(Gulf Coast)

83(2/3) 41.5(2/3) 50

2011 Japan Tsunami 55(1/4) 9(1/4) 16
2012 USA, Canada, Caribbean Hurricane Sandy

(Northeast)
46(2/3) 19.7(2/3) 43
primarily a consequence of a natural phenomenon. As tsunamis are always secondary phenomena
‘Other events’, they are not shown separately in the ‘Number of loss events’ ring chart.
The number of inland flood loss events captured in databases shows a distinct upward trend. Figur

displays those events exceeding a threshold of US$50 million in today’s value since 1980. If all even

2002 Central/Southern Europe Elbe, Danube, Italy 16.5 3.4 21
2008 Caribbean, USA Hurricane Ike 13(1/3) 6(1/3) 46
2013 Central Europe Danube, Elbe 12.6 3.1 25
2002 USA Drought (Great Plains) 10 2 20
2004 Indian Ocean Tsunami 10 1 10
2008 USA Midwest; Missouri 10 0.5 5
2010 Pakistan Indus 9.5 0.1 1
2000 Italy, Switzerland Southern Alps 8.5 0.48 6
2010 China East, Southeast, South 8 0.15 2
2012 China East, Northeast,

Southeast
8 0.18 2

2004 Caribbean, USA Hurricane Ivan 8(1/3) 5(1/3) 60
2003 China Center, South, East,

Northwest
7.9 – –

2004 China Southwest, Centre,
Northwest

7.8 – –

2005 Caribbean, Mexico, USA Hurricane Wilma 7(1/3) 4(1/3) 57
2007 China South, Southwest,

East, Center
6.8 – –

2001 USA Tropical storm Allison
(Houston)

6 3.6 60

2013 Canada West (Calgary) 5.7 1.63 29
2004 Bangladesh, India, Nepal Monsoon rains 5 – –

2005 India Monsoon flash flood
(Mumbai)

5 0.77 15

2011 USA Hurricane Irene
(Northeast)

5(1/2) 3(1/2) 55

2013 Philippines Typhoon Haiyan 5(1/2) 0.35(1/2) 7

Source: Munich Re NatCatSERVICE 2015.
(1/4)/(1/3)/(1/2)/(2/3)The loss figure shows the – roughly estimated – losses attributed to flood (one quarter/one third/half/two
thirds of the overall/insured losses); the remainder is attributed to windstorm or to ground shaking during earthquake.
Example: the overall loss of Typhoon Haiyan was US$10 bn, ½ of it (US$5 bn) was due to water.
of

e 2
ts,

es)

d

2011 Thailand Chao Phraya 43 16 37
2012 USA Drought (Midwest) 20 12 60
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le 2. Flood disasters in the period 2000–2014 in which more than 1,500 people died.

r Region Event Deaths*

4 Indian Ocean (12 countries) Tsunami 220,000
8 Myanmar Cyclone Nargis 140,000
1 Japan Tsunami 15,880
3 Philippines Typhoon Haiyan 6,334
3 India Flash floods 5,500
7 Bangladesh Cyclone Sidr 3,295
4 India, Bangladesh, Nepal Floods 2,200
7 Bangladesh, India, Nepal Floods 2,030
4 Haiti, Dominican Republic Floods 2,000
4 Caribbean, USA Hurricane Jeanne, floods 2,000
0 Pakistan Floods 1,760

rce: Munich Re NatCatSERVICE 2015.
ath figures include all causes (such as earthquake, windstorm, landslides, etc.) not only flood; those missing are not
uded.
n small ones, were considered, a strong reporting bias would govern the jagged line of the number of
nts, whereas the bars for the losses would not be influenced significantly. Several decades ago, small
nts that happened in remote areas did not always find their way into global databases and

1. Percentage distributions of number of events, fatalities, overall losses and insured losses for water-related loss events and
r types of natural disasters. Period: 2000–2014. Losses are given in inflation-adjusted values of 2014, with calculations
d on the Consumer Price Index of each country. Source: Munich Re NatCatSERVICE 2015.
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are therefore underreported and also did not produce considerable loss amounts. The rise in the jagg
line in Figure 2 reflects, on the one hand, the increase in population and built-up areas, especially
flood-prone locations and, on the other, is most likely also a climate change signal.
A comparable increase in the overall losses – at least since the beginning of the 1990s – cannot

stated. The main portion of the high flood losses in the last decade of the last century comes from eve
in China. Other than the overall losses, the insured losses display a significant upward trend caused
the increasing portion of insured values.
Recent large events have shown that losses resulting from physical damage are no longer the on

significant ones. Indirect losses, such as business interruption (bi), contingent business interrupti
(cbi) or the loss of market share that a company suffers due to being out of business for a whi
have assumed completely new dimensions. These losses are not limited to the area affected by the d
aster but may occur anywhere in the world, even far away from the site of a flood. For instance, t
floods in Thailand caused a globally felt shortage in hard disk drives when a plant had to be clos
One quarter of all hard disk drives are manufactured in Thailand. While this has the (‘positiv
effect that the area hit does not have to carry the entire loss alone, it makes disasters less ‘calculab
for industry, especially for the insurance industry.

Types of water-related disasters

Flood events can be divided into four main types: river floods, flash floods, storm surges and tsun
mis. Additionally, there are phenomena such as lake flooding, groundwater flooding and waterloggin

Fig. 2. Inflation-adjusted (to 2014 values) overall and insured annual inland flood losses (bars) and number of flood events
year (jagged line) from 1980 to 2014, derived from all events with losses exceeding US$50 million (in 2014 values). O
floods that are not associated with named tropical cyclones are included in the analysis (Kron et al., 2012). Source: Mun
Re NatCatSERVICE 2015.
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break and glacier lake outburst floods, backup floods, seiches, etc. (Kron, 2012). Most tsunamis are
erated by geophysical phenomena. Besides floods, droughts and certain pollution disasters are also
er-related, the latter being rarely of natural origin though. The three most severe 2013 events rep-
nted the three main hydro-meteorological causes.

er flood
lt of copious rainfall (or snowmelt) continuing for a period of days or weeks over a large area during
ich the basin’s (soil’s) retention capacity is depleted. The drainage system of a catchment area con-
s the rainwater directly to the main river(s). This type of flood does not occur suddenly. A flood
e is built up gradually, though sometimes in a relatively short period. As it propagates downstream,
an affect many reaches along the course of the river. The affected area may cover entire river basins
thousands of square kilometers. Water levels often remain high for a long time and interfere with the
s of people, not only by damaging property but also by preventing them from living their normal
s. In river floods, inundation always emanates from the river channel, and the size of the flooded
a is usually a function of peak discharge and flood volume. The sequence of affected areas is there-
always the same, and zones with a different hazard (as regards flood frequency, but sometimes also
d intensity) can be identified.
lood control systems can have a significant impact on the extent of flooding. Precautionary measures
effective, as the source of flooding – the river course – is known. Dikes, retention basins and diver-
channels can be constructed. Early-warnings may be issued allowing for preparedness measures
evacuation – given that forecast and observation systems, forecast models and communication
s are in place. An adverse effect of highly developed flood control and preparedness is the ‘feeling
ecurity’ that is created in the people protected. They tend to forget about or ignore the residual flood
if nothing happens for a while and increase the risk by accumulating assets.

sh flood

lash floods (or off-plain floods) can happen practically anywhere. These floods are produced by
nse rainfall, usually of short duration. They often occur over a very small area in conjunction
h thunderstorms or over a large area during tropical storms. Flash floods have a sudden onset and
from a few hours to perhaps a day or two. This surprise effect is the reason why flash floods
e such a danger for people and are responsible for many lives lost each year. In sloped terrain,
water flows at high speed and has an incredible potential for destruction, whereas in flat areas
water cannot flow off fast enough due to the lack of a sufficient gradient and accumulates on the
face or in depressions. Flows in affected watercourses grow rapidly and flood waves can gush down-
in next to no time and forge into areas where it may not even have rained at all. Mechanical forces,
sive capacity and transport of solids are critical factors associated with this type of flood. Sometimes
h floods mark the beginning of a major river flood, but often they are separate, individual events of
y local significance, scattered randomly in space and time.
t is almost impossible to forecast flash floods adequately – only the general threat due to a certain
ther situation can be stated. In most cases it is only a question of minutes, thus more or less ruling
short-term loss reduction measures. The floods in India in 2013 were of this type.
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Storm surge

Storm surges can occur on the coast and along the shores of large lakes. Since they are created
wind, they are of meteorological rather than hydrological origin. They have extremely high loss pote
tials and have caused hundreds of thousands of fatalities, even in the recent past. In Bangladesh, de
tolls of 300,000 and 139,000 were reported in 1970 and 1991, respectively, and 140,000 died in Mya
mar during cyclone Nargis in 2008. Typhoon Haiyan claimed more than 6,000 lives in the Philippines
November 2013. In the past decade, storm surges induced by hurricanes Katrina (2005), Ike (2008) a
Sandy (2012) have caused huge physical damage in North America.
In Europe, the United Kingdom, the Netherlands and Germany have been able to reduce the r

thanks to immense efforts in the past decades. Major improvements in sea defences and, in particul
the enhancement of forecasting and early-warning facilities in recent years have led to great storm sur
disasters becoming less common. Nevertheless, storm surges still represent an immense loss potential
what is a relatively limited strip of land on the coast.
In many Asian countries, physical protection against storm surges is not available. This is not on

related to the enormous financial means necessary to construct them, but also to the physical conditio
of the coast. Huge delta coasts fissured by numerous outlets and consisting of hundreds of kilometers
irregular coastline cannot easily be protected by dikes.
The accelerating rise in sea levels that is to be expected will aggravate the risk of storm surge a

coastal erosion all around the globe – and this will be one of the most detrimental effects of glob
warming.

Tsunami

Tsunamis are gravity waves, generated by large volumes of water being displaced by large ear
quakes, submarine or onshore landslides, or volcanic eruptions. With a wave height of a f
decimeters and a wave length of up to several hundred kilometers, they travel through the open s
at the speed of a passenger jet without losing much of their energy. As they approach the coast, th
speed decreases but at the same time their height increases – sometimes drastically. Wave cre
more than 10 m high have been observed. These waves may reach run-up heights exceeding 30 m
the shore and destroy everything in their way. Very often the water is seen to retreat from the sho
before a tsunami reaches the coastline, giving people a chance to escape. The two disasters arou
the Indian Ocean in December 2004 and on central Japan’s Honshu coast in March 2011 dramatica
demonstrated the destructive power of this natural phenomenon, against which technical protecti
remains very limited. Education and knowledge about adequate behaviour as well as early-warnin
however, are very effective in saving lives. Probably most of the 220,000 people who perished in t
2004 tsunami would still be alive today if they had read the signs properly or been adequately warn
Whenever abundant water meets sloped terrain, mass movements can be triggered. Moving solids
much more destructive and powerful than water alone. Water in debris flows and lahars is the main dr
ing factor, whereby it serves primarily as a lubricant in landslides that reduces friction and leads
instability of a slope. Although highly devastating – four landslides in 2014 wiped out a village
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hanistan killing 400, hit two places in India and Nepal claiming more than 150 victims each, and left
dead in Oregon/USA – single mass movements usually have only a local impact. However, some-
es thousands of mass movements occur at one time, such as in 1999 when several thousand people
ished following landslides and debris flows in northern Venezuela.

ught

ack of water, unlike disasters involving too much water, does not immediately become critical.
ughts develop over time. They can directly lead to agricultural losses by preventing crops from
wing or by leading to starvation of livestock. Loss figures can be enormous (cf. Table 1), but usually
y become truly catastrophic if the affected society does not have the organizational means to cope
h the consequent food shortages and widespread starvation which may result in tens of thousands
deaths. It is often very difficult to recognize the beginning of a drought-related crisis. Defence
asures, as a rule, come too late. With the world now more interconnected, the large human losses
the 1970s (Sahel zone, India) are a thing of the past, but nevertheless the hazard is still able to
se major disasters as the impacted area is usually large.

sons for increasing losses

isaster losses are driven by the increase in global population and wealth, the settlement and indus-
lization of regions with high exposure levels, and the fact that modern technologies are highly
ceptible to external disturbances. Due to its complexity, international trade is even more susceptible.
nging environmental conditions, in particular climate change, and the lack of adequate risk percep-
are additional features. In contrast to loss reduction measures against other types of natural hazards,

se against floods can be quite effective. This may be one reason why no distinct upward trend in the
netary losses can be identified (cf. Figure 2).

ple – land use – risk awareness

t the moment, there are about 7.3 billion people on earth, up from three billion in 1960 and heading
nine billion in the 2050s. Adequate and safe areas for them to live are limited by natural circum-
ces, but also by economic needs. While in the past settlement areas could be chosen because of
shelter they offered against adverse natural conditions, nowadays any available piece of land has
be used. Furthermore, new residents are often unfamiliar with the local hazard situation or are
ed into a sense of security by trusting in technology’s ability to control the forces of nature.
oastal areas, in particular, have been very attractive to people. Today, one tenth of theworld’s population
s in low-lying areas along the coast, less than 10 m above mean sea level (Lichter et al., 2010), one third
he 20 largest cities in the world are located on the coast. The trend of migration toward coastal areas is
ly to persist. According to anOrganization for EconomicCo-operation andDevelopment study (Nicholls
l., 2008), 113 million people will live in the flood-prone neighbourhoods (100-year flood zone) of the 20
st populated coastal cities in 2070, an almost five-fold increase on today’s number. The same study pre-
ts that flood-prone assets in the 20 cities with the highest concentration of flood-exposed values will
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increase from the current US$2.2 bn to about US$27 bn. In addition to permanent residents, millions of to
ists choose coastal regions as their holiday destination.
In the interior of countries, river plains are – if one disregards the flood hazard – also well suited

development, and frequently used for this purpose. While flood control measures prevent frequent loss
and inconvenience, this effect is counterbalanced by the feeling of security it creates, leading people
expose more and more objects of increasing value to the risk of flood. This sense of security is tran
mitted not only by dikes and embankments, early-warning systems and the availability of disaster-rel
organizations, but also by the intentional or unintentional transmission of false information and by lo
authorities or groups with a vested interest (e.g. the tourist trade) playing down the risk. While this i
worldwide problem, there are some striking examples such as areas along the Yangtze River in Chi
that were devoted and designed for flood retention in the 1950s, but can no longer be used for this ve
purpose as several hundred thousand people live there today. One example is Jinjiang polder on t
Yangtze River. It would be impossible to evacuate the 600,000 residents in time if a major flo
occurred. And they would face an inundation depth of 6–9 m.

Complexity – wealth – susceptibility

The two big disasters in Thailand and Japan in 2011 showed how badly we depend – even on a glob
scale – on functioning supply chains (Munich Re, 2012a). Locally this is also true for power supply a
telecommunication networks. Given a complex infrastructure, a failure in one place may cause a domi
effect that brings a whole system to a standstill.
Wealth has increased in practically all regions of the world. At developed locations, even in po

countries, the potential for destruction is high, as more and more expensive items can be fou
inside buildings than was the case in the past. In general, modern equipment is highly vulnerab
Almost everything contains electric or electronic components, and these items often suffer severe
when exposed to water and even humid, salty air. Whereas years ago water-damaged items h
simply been dried and re-used, they are now discarded.

Urban concentration and environmental changes

It is not only the development of hazard-prone regions, but additionally the concentration of comm
cial and industrial centres which attracts people. More than 50% of the world’s population lives in urb
areas compared to just 30% in 1950 – and the percentage is still increasing. Half a century ago, th
were eight metropolitan areas in the world with a population exceeding five million. Today the numb
of megacities has grown to over 70 (Demographia, 2014). It is obvious that the chance of a severe na
ral event hitting one of these high-concentration regions is steadily growing.
Colonization of land always has the consequence of changing the environment. Forests are remov
measures improve the situation in the short term but worsen it in the long term. One fairly comm
consequence of urban growth is subsidence, caused for instance by groundwater extraction or sometim
simply by the weight of buildings erected on relatively soft and unconsolidated coastal soil. A few de
meters of subsidence can create huge problems in already low-lying port cities and deltas, some are
suddenly finding themselves below a given flood level or even below the local sea level.
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mate change

he scientific facts are clear: the global average temperature close to the ground has risen by 0.85 °C
e 1880. Climate change is taking place and it is mainly caused by human activities. The Fifth
essment Report of the Intergovernmental Panel on Climate Change (IPCC, 2013) confirmed earlier
ings in this regard and clarified in many fields the statistical confidence of results. With respect to
er-related disasters, we are headed for higher sea levels along most coasts, more and more intense
reme precipitation events, and more and prolonged dry periods in many regions. In some places,
miness will increase leading to higher waves and elevated storm surge levels.

m hazard to risk

t is important to understand the circumstances under which natural disasters happen. Nature alone does
produce disasters, it only produces extreme events. A natural disaster happens if people and/or their pos-
ions are affected so severely that a society’s life is disrupted. A well-prepared society is not likely to
erience a disaster as easily as one where many aspects of preparedness are missing, from education
knowledge to building codes, and from functioning governance to availability of financial means,

king it vulnerable to impacts from nature. Disasters are hence not only products of chance but also the
come of interaction between political, financial, social, technical and natural circumstances.
hether a location is risky depends on: (a) the likelihood that a natural event may occur; (b) the pres-

e of values; and (c) their vulnerability (Kron, 2005). Where there are no people or values that can be
cted by a natural phenomenon, there is no risk. In a simplified, but widely accepted way (IPCC,
3) the term ‘risk’ can be defined as

isk ¼ hazard� values at risk� vulnerability

azard is the threatening natural event, including its probability of occurrence; values at risk are the
ldings/items/humans that are present at the location involved; and vulnerability denotes the lack of
lity), structural integrity (physical vulnerability) or personal wealth (financial vulnerability).
urance’s contribution to risk control addresses the last of these factors. In its most simple form,
is computed by multiplying these three components. Values at risk and vulnerability are sometimes
bined to form ‘consequences’. Thus, risk can also be written as

isk ¼ hazard� consequences

he overall risk is determined by computing the integral over all possible threatening events (inten-
es and frequencies) with their respective consequences (associated losses). Hence, risk is identical to
(expected) average annual loss.
ll three components of risk have been and still are increasing unabated. On the one hand, rising sea

els, increased tropical cyclone intensities (wind and rain) and unprecedented impacts of floods and,
the other hand, megacities with exploding populations and industrial development are making many
ions ever riskier, in particular those on coasts and in flood plains.
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A partnership for risk reduction

Risk and loss minimization call for an integrated course of action. The risk must be carried on seve
shoulders: the state, the people and enterprises affected, and the financial sector, in particular the ins
ance industry. Only when they all cooperate with each other in a finely tuned relationship, in the spirit
a risk partnership, can disaster prevention really be effective.
The job of public authorities (i.e. the state or the government) is primarily to reduce the underlying r

to society as a whole. They provide access to observation and early-warning systems, build river dikes a
sea defences, determine the framework for the use of exposed areas by enacting statutory provisions, a
prepare emergency plans, including programs to alleviate recovery (temporary housing, financial assi
ance, tax relief, etc.). In some countries, insurance programs are state-run. Unlike in the case
earthquake and windstorm, where homeowners themselves are responsible for ensuring their houses
Those immediately affected (individuals, companies, communities) have a great potential for lo
reduction. The crucial point is whether they keep their risk awareness alive. Even those people w
do not neglect the danger of a natural peril from the very beginning often quickly forget about
especially if nothing happens for some time. They rely on technological protection systems and
the same time make their property more and more valuable by adding additional items that are oft
susceptible to damage. These people must be informed and educated to build in an appropri
manner, control the exposure of their values, and be ready to take action in an emergency. This includ
preparing for catastrophic losses by taking financial precautions, e.g. buying insurance.
The true task of the insurance sector is to compensate financial losses that would have a substant

impact on the insured or even bring about their ruin. They carry the financial risk from events that ha
such a low probability that they cannot be considered foreseeable. Insurance redistributes the burd
borne by individuals among the entire community insured, which is ideally composed in such a w
that they all have a chance of being affected – even if the degrees of probability differ.
Unfortunately, the penetration of insurance, i.e. the percentage of the population that has insuran

cover, is strongly correlated with the wealth of a society. The times when governments alone took f
care of their people are over. Today, owners aremore andmore responsible for their belongings themselv
and are required to protect themselves by buying insurance. From this, it follows that poor people w
have higher priorities in their daily lives with survival struggles (such as food, health, shelter, etc.) th
preparing for a future catastrophe event with some probability are rarely, if ever, insured.

Flood insurance

Flood insurance has become a top issue in many countries in the aftermath of the large flood disast
that have occurred all over the world in recent years. At first sight, flood insurance that is obligatory
everybody seems the best solution to bypass the necessity of spending huge amounts of public mon
on financial relief and reconstruction of damaged private property. The problem is that the potent
insured are generally not happy about subsidizing those who are exposed to a risk much higher th
their own. On the other hand, the loss-bearing capacity of the insurance industry and the financ
sector is limited. The state must always serve as a reinsurer of the last resort, stepping in wh
losses exceed this capacity. However, governments are reluctant to guarantee the assumption
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ential record losses. This would require them to build up funds, with money that would then not be
ilable for other purposes such as healthcare, pensions and infrastructure projects.
purely voluntary insurance scheme would fail to reach large parts of society due to adverse selec-
or lack of risk awareness. These people would rely on and seek help from the state in the event of a
fully voluntary covers: it must be based on risk-adequate premiums that are cross-subsidized to
e extent to make them affordable but are nevertheless acceptable to the vast majority.
he state should also restrict post-disaster-relief payments to those who are not insurable but have
erwise contributed to their own protection. At the lower end of the scale, it must be acknowledged
t insurance should not be simply a band-aid that takes care of any little financial injury but is meant
substantial and catastrophic incidents that could ruin an insured individual.
s a rule, insurance companies react very quickly to losses from natural events and reimburse their clients.

art from the benefits of the very helpful financial support they provide, the psychological effects of prompt
stance are very important for the people concerned. They do not feel left alone in an extremely difficult
sonal situation. This problemoccurs if governmental financial aid is promised but the payments are delayed
a long time for administrative reasons. Also, the actual payments seldom match the amounts promised by
iticians immediately after a disaster. For insurance companies, which do not need to go through long pol-
al decision-making processes and can react immediately, quick help has its advantages too. Their mottoes
‘the faster, the cheaper’ and ‘good loss adjustment is the best form of promotion’.

zard zoning and premiums

alculating the price of insurance is – in theory – very simple. The long-term premium payments by
insured must basically be equal to the long-term compensation payments to the insured (leaving
ne other aspects such as interest and administration loadings). A loss that occurs once in
years on average therefore requires a premium of 1% of this loss per year. These are statistical con-
rations: some insured do not suffer a loss at all, while others suffer it several times in that period.
ce, a portfolio is needed that allows averaging over time and space by insuring a large number of
ividuals. The individual premium should represent the individual risk. As this is not feasible for each
every small object to be insured, classification into zones with a similar hazard level is performed,
h a lumped premium as a percentage of the insured value.
nsurance contracts are based on the status quo. If the hazard is high and the precautions taken mini-
l, the premium charged will be high (if the object is insurable at all); if the hazard is low or protection
dards are high, premiums can be low. In practice, insurers often recommend (or require) precaution-
measures (structural, emergency plans, etc.) to reduce the risk and also to make it more calculable.
ricing must also take into consideration the cost of reserves being kept at hand for large losses. The
bability of a single home (e.g. in the Netherlands just behind the sea dike) being flooded is very small
0�3), but if that occurs, thousands of other houses will be damaged at the same time and the overall
will be enormous. Maintaining reserves for such a contingency costs a multiple of the amount

ecting the individual risk; it thus constitutes another component of the premium. The required
ual premium – in the example – is therefore not around 0.1% but maybe 1% of the insured
ue, which makes the insurance cover practically unaffordable.
ster. A system should be set up that finds a compromise between the extremes of fully obligatory

oday, insurance for floods – and other natural perils – is widespread in only a few countries. The
rent slow increase in the insurance density is unlikely to change dramatically in the near future,
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effectively this idea of transferring local losses via the reinsurance sector to a worldwide syste
works is shown by the example of Hurricane Gilbert, which struck the Caribbean in 1988. Jama
in particular suffered great losses; its economy was hit by losses amounting to about US$1 bn,
which 70% was insured. This US$700 million would have destroyed the Jamaican insurance indus
completely. It survived because nearly 99% or US$690 million was reinsured and was therefore pa
by the world’s reinsurance industry. For the local companies a mere US$10 million obligation remain
Typhoon Haiyan in the Philippines (2013) yielded a similar picture. Although losses were still n

finally settled at the end of 2014 and figures are therefore still uncertain, the reinsured percentage
the event is most likely to be more than 90%. A reinsurance rate of more than 95% is typical for dev
oping countries. In developed countries, reinsurance rates usually range between 50 and 90
depending on the strength of the primary insurance companies in the region. Since reinsurance co
money, large primary companies tend to keep a larger portion of the risk themselves.
It is not easy to give examples of the reinsured portions of losses for large natural disasters. For examp

about US$10 bn of the total insured loss of US$16 bn for the Thailand floods in 2011were industrial loss
from Japanese companies, insured in Japan and reinsured there with a rate of about 80%. SomeUS$5 bn
the remaining US$6 bnwas reinsured via the domestic Thai market. This means that not all reinsured los
enter the international, global market directly; there are also domestic reinsurers (e.g. Thai Re in the case
question) that may assume quite a large chunk of the losses, which thus remain in the country. Only part
these losses is passed on to the international reinsurance market by purchasing retrocession. For the Th
land floods, the estimated amount of internationally reinsured losses was eventually US$13 bn, or 81%
This system of insurance, reinsurance, retrocession combined with complex, often layered contra
involving co-insurance, deductibles and limits shared between several/many reinsurers makes it diffic
and often almost impossible to specify even rough figures of reinsurance shares – especially given t
confidentiality of the business-related figures of the companies involved. In general, reinsurance sha
of losses are higher for large loss events than for less costly ones.
Insurance and especially reinsurance companies must be prepared to pay large amounts of money af

major events. The company must not be threatened in its existence even by such enormous amoun
because both sides – customers and insurers – are not really promoting such a development. On the one
hand, customers’ demands are impaired by a growing number of people with a lack of financial
resources and, on the other, the willingness of insurance companies to cover certain risks is very limited
because of their magnitude, the great amount of uncertainty involved or because of accumulation control
considerations (e.g. insurance for storm surges). Wherever natural disaster insurance is possible, avail-
able and in operation, however, it will help – by spreading the risk throughout the world via the
reinsurance sector – to reduce the vulnerability of society in terms of its exposure to natural hazards.

The role of reinsurance

In the same way that private individuals/entities do (by buying insurance), insurance companies also
try to avoid volatility in their payments. Natural perils insurance is highly volatile. Large single losses
(from one event) can be reduced by transferring part of the risk to the reinsurance sector. While most
insurers concentrate their business on a particular country or region, reinsurance companies do business
worldwide, thus relieving the local insurance market and possibly even preventing its collapse. How
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s, impeded domestic growth, loss ofmarket shares due to business interruption, etc.) are not considered.
unich Re’s Geo Risks Research department has been systematically collecting information on natu-

disasters for more than 40 years. Its NatCatSERVICE (NCS) database, the world’s largest on losses
natural disasters, contains more than 35,000 entries. In recent years, many other institutions have

ognized the importance of data on disasters losses and started to construct databases.
he NCS data and the data analyses are not only used for determining reinsurance premiums but –
ough not generally accessible to the public – are also made available to governments and non-gov-
mental organizations to assist them in better planning and developing prevention measures against
ural disasters. Close contact with scientific institutions worldwide (including participation in the
rk for the Fifth IPCC Assessment Report 2014), research cooperation projects and involvement in
ntific bodies/boards/committees are maintained, and assistance is offered for political and adminis-
ive decisions that may be based on the data. In general, reinsurers’ expertise on risk assessment and
reduction is welcomed, as is their experience with disasters – their origin and evolution, the pro-

ses involved, and how to cope with them.
he insurance industry plays an important role in raising awareness and coping with natural hazards: it
ntifies risk by means of adequate premiums and thus makes risks transparent. Therefore, it creates incen-
s for reasonable behaviour and prevention, and so reduces the losses for society. It also has tremendous
ential for promoting climate protection and climate change adaptation, and thus positively influencing
re losses, by taking account of such issues in its products, investments, sponsorship activities and com-
nications. Companies perform educational and public relations services, e.g. by publishing brochures in
ich they draw attention to hazards and explain ways of dealing with them (e.g. Munich Re, 2012b, 2013).

nomic consequences of natural disasters

mpacts from water disasters are not as devastating to rich societies as to those in less developed parts
he world; there, whole countries are sometimes thrown back in their development by years. On the
parameters and processes considered in the calculations, the models’ complexities have become enor-
mous and the industry has to rely on only a few different providers per hazard and region. The large
reinsurance companies maintain and improve their own models too, but often use market models
additionally for a second opinion.
Reinsurance companies, due to their worldwide activities, are among the best sources for natural disas-

ter statistics (Kron et al., 2012). They systematically register disaster-relevant data in their databases as a
basis for numerous analyses. The databases focus on three aspects: the number of people affected (fatal-
ities, injured, homeless), the overall economic damage – i.e. direct losses – to the country affected, and the
losses covered by the insurance industry (Wirtz et al., 2012). Indirect losses and other consequences (e.g.
job
M

ral
from
rec
T

alth
ern
nat
wo
scie
trat
risk
ces
T

qua
tive
pot
futu
mu
wh

Eco

I
of t
Money for payments must be made available very quickly and cannot be placed in long-term – and thus
profitable – investments. This means volatility is expensive. Assessing the probable maximum (accumu-
lation) loss from an extreme event and holding adequate reserves are crucial to an insurer’s economic
survival. The companies therefore use models simulating a large number of – stochastically generated –

events to obtain a probability distribution of potential losses. From this distribution, the expected loss
for a given return period (chosen according to a company’s business policy), can be read off.
While, in the past, the major reinsurance companies developed and provided accumulation loss

models, there is a considerable market for these models today. Due to the rising number of physical
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Other important macroeconomic parameters such as government debt or external trade also reflect t
negative indirect effects. In Chile, the balance of trade collapsed and debt rose by around 70% in 20
after the earthquake. A World Bank study found a statistically significant deviation of up to 30% fro
the historical trend of the per-capita government debt in emerging economies in the five years af
‘major’ natural disasters (Melecky & Raddatz, 2011).
Natural disasters can have a positive effect on an economy because reconstruction acts as an econom

stimulus. Additionally, destroyed old assets are replaced by new production facilities and infrastructu
which are generally of better quality. After the tsunami in 2004, the economy of the Maldives shrank
8.7% in 2005 and then grew again by 19.6% in 2006 – stronger than in any of the previous 20 years
must be noted though that the above-average growth was due, at least in part, to the low comparison ba
caused by the disaster. In a similar way, Thailand experienced a strong upswing in the year after the floo
Nevertheless, the indirect positive effects on GDP cannot offset the indirect losses of all countries a

natural disasters. Considering natural disasters with over 100 dead or US$250 million direct losses (af
adjustment for inflation) von Peter et al. (2012) found with significant statistical evidence that GDP w
other hand, rich states have a significant financial burden not only from disaster losses, but also from the
costly precautionary measures that citizens demand from their governments to protect themselves and
their properties.
It is often the countries with low per-capita income which must overcome large economic losses from

natural disasters relative to their overall economic strength. These economies usually lack the financial
resources needed for both prevention of disasters and disaster-relief. The floods in Thailand in 2011 cost
US$43 bn which was 12% of the country’s gross domestic product (GDP). Hundreds of thousands of
homes, a vast amount of agricultural land and important industrial areas were flooded, and 65 of Thai-
land’s 77 provinces were affected. Indirect losses from natural disasters such as delays or interruptions to
production must be added to these figures. The result was that during the most serious phase of the
floods in the fourth quarter of 2011, Thailand’s GDP shrank by 2.5% compared with the previous quar-
ter. For the Philippines, the World Bank has calculated that indirect losses from typhoons reduce GDP
growth every year by 0.8 percentage points.

he
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almost 4% lower after five years than it had been without disasters. Overall losses (direct and indirect)
related to their GDP were larger on average in developing and emerging economies than in wealthy
industrialized countries.
However, GDP alone is not an ideal measure for the recovery of a country. Disaster often has an effect
on national debt. It is therefore necessary to include national debt and ‘destroyed capital’ when assessing
the impact on a country. In poor countries, the resilience effect – i.e. bouncing back to the previous
value – is very much delayed, in some cases by decades.
Insurance has a positive effect: given two countries with identical per-capita income, the country with

higher insurance cover will be better able to withstand natural disasters. This applies to the economy as a
whole as well as to the insured individuals. Similarly, the higher the insurance cover against natural dis-
asters, the lower the anticipated government debt, external trade deficit and macroeconomic impact.

What can and should be done?

Half a century ago people started to believe that humankind was well on the way toward controlling
nature. Understanding the genetics of natural processes combined with technical development seemed to



W. Kron / Water Policy 17 (2015) 6–24 21
the basis for gradual but continuous improvement in dealing with natural events. The catastrophic
nts that fill the annual reviews prove that we are still far away from having control, anywhere in
world. The UN IDNDR from 1990 to 1999 was certainly an important period in which significant
gress was achieved in many fields related to disaster risk reduction. Through this initiative, but also
the efforts of countries, regions and cities, measures were undertaken to respond to the increasing
at of natural hazards.
he effect of protection and preparedness measures is clearly visible in many examples. In Bangla-
h, fatalities from tropical cyclones were enormously reduced through early-warning and flood
lters. Cyclone Sidr in 2007, which was comparable to the 1970 and 1991 killer storms that claimed
,000 and 139,000 lives, respectively, was responsible for ‘only’ 3,295 deaths, although Sidr was
re powerful than the 1970 storm that hit the same area.
he city of Hamburg (Germany) has invested €2.4 bn (US$3.2 bn, in 2014 values) in flood protection
e the 1962 storm surge disaster. At least five events with a higher water level than in 1962 have
urred since then without producing significant losses. It is estimated that further storm surge
es of at least €20 bn have been avoided thanks to the measures taken (Kron, 2014). In a similar
, the Netherlands have also prevented storm surge disasters since the catastrophe of 1953 thanks
heir Delta Program (Wieriks & Schultz van Haegen, 2015).
n 2011, a centennial flood rolled down the Mississippi. The losses incurred were in the order of
$5 bn, but would have been tens of billions if the Mississippi River and Tributaries flood control
ject had not been carried out in the past decades (Delli Priscoli & Stakhiv, 2015). Also, China
de immense efforts to improve its flood situation, particularly in central China, after the devastating
d season of 1998 when the Yangtze and Songhua Rivers caused almost US$30 bn of damage.
hough billion-dollar losses in China still occur frequently, the middle and lower course of the
gtze has been spared major problems in the 21st century despite some critical hydrological events.
lot can and must be done in different scales and on different levels. Disaster prevention and risk

uction start with protecting the global climate from becoming more and more threatening, and
ge via forecast, warning and technical control systems to the individual’s (person, company) behav-
r and provisions to make sure she/he/it will not be ruined by an extreme event. While there is no
ussion that loss of life must be prevented by all means, the costs of the efforts to prevent monetary
es should not be completely out of proportion to the value of the protected items.
hile flood insurance penetration is low in developed countries because people lack risk awareness,
ple and businesses in poor countries often simply cannot afford to pay insurance premiums, if the
er is available at all. In the aftermath of floods, it is most often the poor that have to rebuild their
s without the financial cushion of insurance. Effective and economical solutions have therefore to
found for emerging countries. These countries – especially in Africa or South and Southeast Asia
re often faced with a higher chance of natural disasters. At the same time, the level of insurance den-
is generally very low, as these markets are less industrialized and people have less available income
nsure themselves against existential risks.

uring the poor

eople in developing countries need help to adapt to increasing losses caused by floods and other
reme weather events. One attempt to provide support for climate change-related risks is the
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Munich Climate Insurance Initiative (MCII), which suggests risk management systems. Subsidies
insurance premiums by the industrialized countries predominantly causing climate change could
part of such solutions. Some of MCII’s proposals have already found their way into the negotiati
texts at the world’s climate summits.
An MCII weather index insurance was launched in the Caribbean in mid-2013. For the islands

Saint Lucia, Jamaica and Grenada a ‘Livelihood Protection Policy’, developed together with the Car
bean Catastrophe Risk Insurance Facility and a micro-insurance consultant was introduced. In t
product, insurance cover is triggered if specific meteorological parameters (e.g. rainfall intensi
exceed defined limits. This means prompt payouts following weather events without complex clai
settlement.
Micro-insurance schemes are a key to helping people in emerging countries manage their risk bet

and maintain their standard of living. Micro-insurance is specially designed for low-income people a
covers them against specific perils in exchange for regular premium payments proportionate to the lik
lihood and cost of the risk involved. Generally, micro-insurance is for people ignored by mainstre
commercial and social insurance schemes – people who do not have access to regular products. Ba
cally, it works like any other insurance scheme, but there are some aspects that make it different. First
it does not cover a single client under one contract, but rather thousands of clients. Secondly, mic
insurance requires an intermediary between the client and the insurance company, a (local) non-gove
mental organization, for instance, or a rural bank that can handle the distribution and administratio
Furthermore, it involves a variety of problems such as low premiums and high transaction costs p
client, lack of infrastructure, lack of insurance knowledge, insurance illiteracy (clients do not understa
the concept of insurance), low and irregular income, and lack of data. Therefore, the first and m
important prerequisite for an effective micro-insurance scheme is raising awareness and educating t
people concerned.
Micro-insurance covers for risks related to natural disasters are still hardly available. However,

fewer than 100 million people (or 3%) of the world’s poor have access to insurance, the micro-insuran
market has huge development potential. One long-term objective, of course, is also to help peop
develop a stable life situation that allows them to choose regular insurance products and thus becom
normal clients of the insurance industry.

The role of the global financial markets

The availability of huge amounts of money in the international financial markets, the potential
record losses from single natural disasters and the need for special products have led to the emergen
of new financial instruments which supplement the classic distribution of risk via the reinsuran
market: these are called catastrophe bonds (cat bonds). Through a cat bond, a specified risk (e
losses from a hurricane in Florida) is transferred from a risk carrier (sponsor) to investors. The spons
is usually a member of the (re)insurance industry, but may also be a large company (such as a nation
railroad company). The investor buys a share of the bond and earns interest on the purchased notes.
the catastrophic event for which the bond is issued does not occur during its lifetime, the invested capi
is paid back to the investor at maturity, together with the interest. If it does occur, however, the inves
loses its principal or a portion of it. The definition of the ‘occurrence’, i.e. the trigger of the cat bond, c
be stipulated in different ways: (a) by a certain loss to the sponsor (indemnity trigger); (b) by a mar
of
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(industry loss index trigger); or (c) if a set of certain defined physical threshold values (e.g. wind
eds at certain points or discharges) are exceeded (parametric trigger).
at bonds are usually high-interest, but also high-risk investments, and are practically only purchased
professional investors. Investors choose to invest in catastrophe bonds because their return is largely
orrelated with the return on other investments, and so cat bonds help investors achieve diversifica-
. Investors who participate in this market include hedge funds, specialized disaster-oriented funds,
et managers, life insurers, reinsurers, banks and pension funds.
at bonds are geared to very large potential losses and are therefore an instrument exclusively used in
eloped countries. Another instrument used in a similar way is a swap. Here, an identical portion of
from two independent (and distant) events is exchanged between two partners who are thus both
nsor and investor. For example, a portion of the ‘Flood Europe’ risk is transferred in exchange
the same portion of the ‘Hurricane Florida’ risk.

nclusions

he Swiss writer Max Frisch once stated (Frisch, 1981:103): ‘Only man knows natural disasters, so far
e survives them. Nature does not know disasters.’ Such disasters have becomemore frequent and more
nse during the last decades. The main causes are the increasing global population and its need – and
etimes wish – to settle in areas that are prone to natural hazards, often in highly concentrated urban
lomerations. At the same time, the amount and susceptibility of possessions grow as risk awareness
es.
he latest IPCC report (2013) has clearly documented that climate change is real, increases the risk in
ny regions and is caused by human activities. It is today one of the greatest risks facing societies, and
rising number of severe weather-related natural disasters will cause higher loss burdens for econom-
in the future.
he dramatic trend of disaster losses can only be lessened by a package of integrated counter-
asures including strict land use regulations, warning systems, education, (financial) motivation and
rance. These measures have to be supported by all the people and institutions involved: public auth-
ies, scientists and relief organizations, individuals and enterprises, insurance and reinsurance
panies. Requirements must be formulated and prepared in such a way that the political powers
derive clearly recognizable policy options from them.
ociety must understand that using tax revenue for the purposes of relief is nothing but subsidization
nd of the more expensive kind, because losses cost more than precautions. At the same time, loss
vention measures must be enforced, the most important being the strict prohibition of building in
h-risk areas. In this context, requiring insurance is a wise way to curb undesirable development.
no other peril are protection measures as effective with respect to risk and loss reduction as for
ds. Numerous examples have proved that investment in protection and prevention pays off. It is
possible to establish an insurance system that is compatible with the needs of a given society if
tain conditions are accepted and the various aspects are considered within a long-term perspective,
not on a day-to-day basis.
reat natural events are not avoidable. Great disasters are. Disasters are inevitably the net result of the
cts of extreme natural events and the response to those events. Effective safeguards are both achiev-
e and indispensable, but they will never provide complete protection. The determining factor is the
loss
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awareness that nature can always come up with events against which no human means can prevail. If
are willing to tackle the risk from frequent events in a joint effort involving governments and the peop
and if we are sufficiently prepared for the residual risk from rare events by involving the finance indu
try, we are headed for a world that becomes a safer place to live in.
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tract

apanese disaster management approaches have been enhanced and strengthened through repeated experiences
isasters in the past. The report presents lessons learned from the Great East Japan Earthquake and Tsunami, a
ster caused by a low-probability but extremely large hazard, and introduces the distinct features of Japanese
er-related disaster management, including those enhanced and strengthened based on the recent lessons.
ally, drawing from Japan’s experiences, messages to be sent to the world from the water-related disaster com-
ity are proposed.

Keywords: Disaster prevention; Great East Japan Earthquake and Tsunami; Japan; Mega-disaster; Policy
elopment; Structural measures; Water-related disaster management system

ntroduction

apan’s topography and climate give rise to certain challenges. The steeply mountainous nature of
st the country’s territory leads to concentration of population and industry on limited, narrow alluvial
ins, and the typhoons and weather fronts make torrential rain a frequent occurrence. Japan has in con-
uence experienced floods and numerous other water-related disasters. In these circumstances, it has
n the continuous implementation of water-related disaster management measures corresponding to
iety’s needs that has supported Japan’s continued development and establishment of its social
ility.
ater-related disaster management in Japan has developed through the implementation of measures

ed on the principle of preventing the recurrence of disasters and leaving a more disaster-resilient
ion to posterity, learning lessons from repeated experiences of disasters. One distinctive feature of
an’s approach to managing water-related disasters is that it deploys an appropriate combination of
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hard (structural) and soft (non-structural) measures at all stages of disaster management (pre-disast
emergency response, and post-disaster reconstruction and recovery). Another feature of the approa
is that it does not largely rely on disaster response after the event; rather, it places emphasis on we
planned implementation of preventive measures at the pre-disaster stage. Both the legal framewo
and the technologies underpin water-related disaster management in Japan, which has undergone co
tinual improvement as a result of numerous experiences of disaster.
During the Great East Japan Earthquake and Tsunami, Japan’s territory was subjected to lo

probability but extremely large hazards: the great seismic motion and the tsunami. While this disaster demo
strated that Japan’s disaster management measures had been effective to a certain extent, it also brought u
lesson in thatwe had not adequately prepared for a situation inwhich the extent of the hazards greatly exceed
the design capacity of coastal levees and other structures. Learning from the lessons, understanding the imp

tance of the ‘assumption of hazards of any possible magnitude’, new water-related disaster management
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approaches are being introduced in Japan. Thus, Japan is continuing on the same road that it has follow
in the past, the road of learning from previous disasters and upgrading its disaster management capability
The generating mechanisms of meteorologically or hydrologically induced water-related disasters

different from those of earthquakes and tsunamis. However, the issues and the countermeasures draw
from the Great East Japan Earthquake and Tsunami have enough generality and can be applied to oth
water-related disasters including hydrological and meteorological ones. Accordingly, in this study, t
Great East Japan Earthquake and Tsunami and the lessons learned are described first. The distinct
features of Japan’s approach to water-related disaster management, which has been enhanced throu
repeated experiences of disasters in the past, including those from the earthquake and tsunami, w
be systematically presented together with details of the legal framework and the technologies that und
pin the approaches. Our world is now facing the risks of both climate change and mega-earthquak
Given this situation, we believe that, by sharing our experiences with other countries, Japan c
make a major contribution to improving the world’s disaster management capability.

2. The Great East Japan Earthquake and Tsunami and the lessons learned

2.1. A brief account of the earthquake

On 11 March 2011, a 9.0 magnitude earthquake occurred in the Pacific Ocean off the coast of Tohok
causingmajor seismic motion across a large area of Japan. Approximately 30minutes after the earthqua
a giant tsunami struck a 650-km stretch of the Tohoku coastline, inundating an area of over 500 km2.

The tsunami left about 20,000 people dead or missing, and caused the total collapse of about 130,0
buildings, the partial collapse of about another 260,000 buildings, and damage to about 730,000 mo
buildings. The damage from the disaster was immense, with up to about 470,000 people evacuat

while the economic losses amounted to 16.9 trillion yen.
The distinctive features of the Great East Japan Earthquake and Tsunami were the low probability but

n.
ive
de
ns
massive scale of the earthquake and the coincidence of the tsunami hazard with the seismic vibratio
The earthquake and tsunami resulted in damage to an extremely large area and caused extens
knock-on effects including power outages, nuclear accidents, and repercussions for industry worldwi
through the supply chain. For details of the Great East Japan Earthquake and Tsunami and lesso
learned, refer to Ranghieri & Ishiwatari (2014).
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. Lessons from the Great East Japan Earthquake and Tsunami

he lessons learned from the Great East Japan Earthquake and Tsunami are described below.

Measures developed after the Great Hanshin-Awaji Earthquake (1995), including the earthquake-
proofing of buildings and infrastructure, were effective against large seismic motion to a certain extent.

n January 1995, Japan was hit by the Great Hanshin-Awaji Earthquake, which left about 6,500 people
d or missing. The majority of the victims of this earthquake died when buildings constructed according
he old (pre-1981) earthquake-resistance standards collapsed, followed by a lesser number of those who
d in the fires that broke out after the collapse. In addition, sections of the elevated Kobe expressway, the
ion’s arterial road, buckled or collapsed. In response to the lessons learned from this disaster, Japan has
ied out a systematic program to promote earthquake-proofing in buildings and seismic reinforcement of
country’s elevated roads. Consequently, the buildings that collapsed during the Great East Japan Earth-
ke and Tsunami were mainly structures built according to the old earthquake-resistance standards.
pite the extremely large seismic motion, the majority of buildings having undergone adequate seismic
forcement escaped damage. Also, bridges that had been seismically reinforced did not collapse or sustain
er serious damage, whichmade it possible for these to be used as escape and relief routes as the authorities
e able to bring them back into service soon after the earthquake (see Figure 1).
distinctive feature of disaster management in Japan, the systematic implementation of preventive

asures in the pre-disaster phase, can be considered a success. Continuous investment in such
asures can consequently be regarded as essential.

Preparedness for a tsunami that greatly exceeded the design capacity of the defense structures was not
sufficient. It is important to mitigate human and economic losses by assuming possible hazards of maxi-
mum scales and deploying ‘multi-layered protection’, combining structural and non-structural measures.
1. Effect of seismic reinforcement of bridges after the Great Hanshin-Awaji Earthquake.



ke
ed
as
ed
to
n-

le
at-
as
ter
ii),
11
lti-
ive
as
u-
ce
on
ies
p-
tal
p-
ng
n-
ter
nt

on
d.

ris
nd
ra-
ich
ed
nd
to

h a
h-

K. Tachi / Water Policy 17 (2015) 25–4028
Since the height of the tsunami that struck the coastal area during the Great East Japan Earthqua
and Tsunami greatly exceeded the design height of the defense structures, the tsunami overtopp
coastal levees, and inundated a large area inland. Although levees and other facilities in some are
did retard the advancing tsunami and reduce the extent and depth of inundation, many of them collaps
after they were overtopped. Advancing at high speed, the waters of the tsunami inundated inland areas
a great depth within a short time, and swept away numerous buildings and other property, causing exte
sive damage and claiming many lives.
As we reflect on these events, it is recognized all the more clearly that ‘hazards can be of any possib

size’, thereby highlighting the importance of implementing all possible measures to ‘protect lives wh
ever it takes’ even if a tsunami of the maximum-possible scale occurs. Accordingly, policy w
developed for tsunami protection measures, applicable also to reconstruction and recovery work af
the Great East Japan Earthquake and Tsunami (see Figure 2). As referred to in Section 3.4.2.1 (
the Act on Regional Development for Tsunami Disaster Prevention became law in December 20
to actually implement this policy. The policy aims to promote tsunami countermeasures of ‘mu
layered protection’, which is to flexibly apply structural and non-structural measures in comprehens
regional development. Against comparatively frequent tsunamis with certain scales, structures such
coastal levees will be developed to protect lives and assets, and to conserve national land. Against ts
namis with maximum scales that would cause devastating damage, although the frequency of occurren
is quite low, non-structural measures will be applied in addition to the structural measures for mitigati
of damage. Taking into account the characteristics of each region, existing public and private facilit
are fully utilized in the application of measures. Under the said concept, the Act on Regional Develo
ment for Tsunami Disaster Prevention became law in December 2011. In the development of coas
levees, to cope with tsunamis of a greater scale than the defense-design height, technological develo
ment will be promoted to make structures resiliently continue to exert their effects even after bei
overtopped. This example of the new policy development illustrates a distinctive feature of disaster ma
agement in Japan: the strategy of continuous improvement of both a legal framework (Tsunami Disas
Management and Regional Development Act) and technologies (technological development of resilie
coastal levee structures) in response to the lessons learned from previous disasters.

3. An extensive transportation network provided alternative routes for rescue activities and transportati
of relief goods, and road embankments were effective in preventing tsunami propagation further inlan
It is important to incorporate or mainstream disaster risk reduction in every social system.

In the extensively damaged coastal areas, many roads including arterial routes were cut off by piles of deb
or structural damage. Keeping routes to the coast open for rescue and relief operations was a matter of life a
death.Accordingly, in the aftermath of the disaster, theTohokuRegionalBureau of theMinistry of Land, Inf
structure, Transport and Tourism immediately began clearing roads that run from longitudinal roads, wh
pass through inland areas where damagewas less severe, to the coastal regions. Eleven routes had been clear
within one day after the disaster and fifteen routeswithin four days after it, providing access for ambulances a
police, the Self-Defense Force and other emergency-service vehicles. For details of this operation, refer
Tohoku Regional Bureau, Ministry of Land, Infrastructure, Transport and Tourism (2014).
The Sanriku Expressway, which runs along the coast of Tohoku region, was planned to run throug

hilly area in view of the effects of the tsunami. As a result, it functioned as an evacuation area for neig

boring residents and as a road for emergency transport as an alternative to the damaged Route 45, which
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s along the coast. The East Sendai Expressway, built on an embankment 7–10 m above its surround-
s, obstructed the flow of the tsunami, which had traveled almost 4 km inland across the Sendai Plain,
s functioning as a barrier to the advancing tsunami water and debris. Furthermore, local residents
e able to escape onto the embankment (see Figure 3).

2. New policy development for tsunami prevention measures.



These examples show that expressways developed to secure alternative routes support rescue and
relief operations and recovery activities after disasters, and that road embankments work as barriers
to limit the inundation area. The aforementioned cases demonstrate the importance of incorporating
the perspective of disaster management not only in the defense structures, such as coastal levees,
which are developed for the purpose of disaster management, but also in all of society’s systems.

4. Records of past disasters and the provision of adequate hazard information to the public in advance
supported appropriate evacuation behavior. It is important to collect and pass on disaster records to
others, and to apply technologies and other scientific expertise, including those of inundation pre-
diction, in providing disaster protection structures or when pursuing urban development.

The region damaged by the tsunami in the Great East Japan Earthquake and Tsunami had been recur-
rently hit by the same phenomenon, with the frequency of once every few decades. This means that
knowledge of the threat posed by tsunamis had been passed down from generation to generation,
and that local people were well aware of the significance of preparing for disasters. There are stone mar-
kers scattered all over the region, commemorating the damage incurred by past tsunamis or showing the
height that they reached. Without doubt, these played a part in keeping residents aware of the impor-
tance of preparing for the tsunamis that occur once every few decades.
In Kamaishi City, where the tsunami claimed about 1,000 victims out of a population of about

40,000, elementary and junior high-school students had been taking part in repeated evacuation drills
and disaster-education activities using tsunami hazard maps. As a result, the death toll for elementary

Fig. 3. An expressway functioned as a tsunami barrier and an evacuation site.
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and junior high-school children was comparatively low, with five fatalities out of approximately 2,900
children in these age groups. The death rate was about five percent of that of the whole city.
Conversely, the occurrence of the gigantic tsunami and the consequent extensive damage revealed the

limit of disaster countermeasures excessively dependent on structure development, even though the struc-
tures such as coastal levees are effective against tsunamis that do not exceed the defense-design height. It
cannot be denied that the existence of such structures gave people a false sense of security due to the
inadequate communication about the risks. Also, the tsunami hazard maps made no reference to a low-
frequency mega-tsunami, which occurred on this occasion, and in many places, the actual inundation
area was far greater than the area shown on the map. As a result, evacuation behavior may not have
been based on an accurate understanding of the local risks arising from the disaster.
There are limitations in ex-ante risk assessment technologies. It is important to develop techniques to

enable assessment that is based on more diverse multiple scenarios, by collecting a wider range of data,
including the analyses of historical documents, and so on. Moreover, the success of the evacuation in
Kamaishi City proved awareness-raising, education and evacuation drills used in normal times to be
effective. Knowledge-sharing on initiatives that enable effective use of hazard maps is as important
as that of producing the hazard maps. Adequately assessing the risks and accurately informing local resi-
dents about these risks are indispensable for appropriate evacuation behavior and the development of a
community’s disaster-resilience. When ‘multi-layered protection’ based on the ‘assumption that the
hazards can be of any possible size’ is being developed for future tsunami protection, initiatives for
the aforementioned purposes must be stepped up. In tandem with improvements in the accuracy of
flood prediction and other technologies, there must be more consistent application of the technological
knowledge to assess the risks and provide disaster-risk management in an effective manner. For this
purpose, it is important to make and pass on to others, not only the accurate records of the inundated
area and its depth, and so on, but also detailed records of the activities of residents and relevant admin-
istrative bodies.
Passing on knowledge of relatively low-frequency disasters such as the tsunami is not an easy task. How-

ever, various initiatives are under way in the affected areas to collect, store and pass on records of disasters.
As stated above, many lessons have been learned from the Great East Japan Earthquake and Tsunami.

Recovery and reconstruction are being progressed, with a view to develop safer regions for posterity,
making use of the lessons learned from the disaster.
Japan has only just begun the process of improving its disaster management in response to the lessons

learned from the Great East Japan Earthquake and Tsunami. The evaluation of the results of this process
will be a task for posterity. In any case, Japan should continue on the road of continuously improving its
legal framework and technologies in the light of past experiences of disaster.

3. Japan’s water-related disaster management system: learning lessons from numerous and
diverse disasters

3.1. Overview of Japan’s water-related disaster management system

The previous section reviewed the lessons learned from the Great East Japan Earthquake and Tsunami
and described how disaster management in Japan is being enhanced in response to these lessons. As
stated in that section, disaster management in Japan has been strengthened in the light of repeated
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experience of earthquakes, mega-water disasters and other events. Indeed, it can be said that disaster
management in Japan has been shaped by a process of continuous improvement. Here, we outline
the special features of disaster management in Japan, in particular water-related disaster management,
and how this has been shaped by the country’s extensive experience of disasters.
Since one distinctive feature of Japan’s water-related disaster management system is that it deploys an

appropriate combination of structural and non-structural measures at all stages of disaster management
(pre-disaster preparedness, emergency response and post-disaster recovery and reconstruction), we will
describe here measures for each phase in chronological order. Also, since disaster management in Japan
has, in the light of repeated experiences of disaster, been supported by continuous improvement of its
legal framework and technologies, the major aspects of this framework and the most important of these
technologies are described below.

3.2. Pre-disaster

3.2.1. Well-planned investment in disaster management measures in the pre-disaster phase. On the
basis of assessment of potential damage, disaster management plans are made and measures are consist-
ently implemented in the pre-disaster phase. These measures form a multiple defense, appropriately
combining structural and non-structural components. The measures include construction of embank-
ments and other river improvements; preparation and publication of hazard maps to provide guidance
on safe land use and to facilitate flood response measures by residents, businesses and other entities;
construction of systems for early warning based on flood forecasts and other information; evacuation
and disaster response training and drills; and so forth.

3.2.1.1. Legal framework
(i) The River Law provides for the establishment of a flood-control system (under long-term ‘funda-
mental river management policies’ and ‘river improvement plans’). The purpose of the River Law is ‘to
contribute to land conservation and development, and thereby maintain public safety and promote public
welfare by administering rivers comprehensively to prevent occurrence of damage due to floods, tsuna-
mis, storm surges, etc., ensure appropriate river use, maintain the normal functions of the river water,
and improve and conserve the fluvial environment’. The river administrator designated under this
law (for example, the Ministry of Land, Infrastructure, Transport and Tourism in the case of class A
rivers) is authorized to draw up long-term ‘fundamental river management policies’ and short- and
medium-term ‘river improvement plans’, and to carry out river improvement based on these plans. Gen-
erally, river improvement plans are drawn up after consideration of the views of academic experts, local
residents and local mayors. The fact that these plans are both based on the law and drafted
with consideration for local opinion ensures proper implementation of the measures that these plans
provide for.

(ii) The Flood Fighting Law provides for the support of initiatives by local communities against
floods. The River Law mainly provides for long-term structural measures. In contrast, the Flood Fight-
ing Law provides for non-structural measures including actions by flood fighting organizations;
transmission of flood forecasting information to local residents by administrative agencies; provision
of risk information through the designation of areas prone to flooding and publication of flood
hazard maps; promotion of the participation of residents’ and businesses’ flood fighting activities;
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and implementation of other necessary measures. The River Law and the Flood Fighting Law operate in
tandem to promote integrated structural and non-structural measures.

3.2.1.2. Disaster management technology
(i) Run-off and inundation prediction technologies are used for analyzing cost-effectiveness of invest-
ments at the pre-disaster stage, risk assessment, and so on. Whenever plans for river improvement are
being prepared, water levels and river discharges for floods are calculated using run-off and hydraulic
analysis based on observed values of accumulated precipitation and river discharge. In the assessment
process for flood control projects, areas susceptible to inundation are identified by flood inundation ana-
lyses, and the benefits resulting from flood control measures are evaluated. In addition, flood inundation
analysis technologies are used to identify the possible impacts of inundation (inundation damage risk
assessment) and so forth. In recent years, in order to adequately comprehend flood disaster risks, quan-
titative assessment of damage categories that were not conventionally assessed due to difficulties in
monetization has been introduced in the assessment process for flood control projects. Human
damage, impairment of social function, and cascading economic impacts are among the newly intro-
duced damage categories (see Figure 4).
Use of the above-named analytical technologies facilitates efficient and effective project planning and

implementation through quantitative assessment of the effectiveness of flood control measures.

Fig. 4. Newly introduced damage categories in the assessment of flood control projects.
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3.3. Emergency response

3.3.1. Appropriate infrastructure operation and other emergency responses. Emergency responses
include the appropriate operation of dams, sluice gates and other types of infrastructure based on rainfall
and water level information; the provision of flood and other relevant information to assist flood fighting
activities and the evacuation of residents; rapid removal of flood water using drain pump vehicles; and
other measures as appropriate.

3.3.1.1. Legal framework
(i) The river management framework secures responsible local offices for river maintenance and man-
agement. The existence of designated ‘public facility administrators’ is an important feature of Japan’s
public infrastructure management system. In the case of a river, the River Law designates a ‘river admin-
istrator’, such as the Minister of Land, Infrastructure, Transport and Tourism for class A rivers. In
normal circumstances, the river administrator is responsible for river-related studies and planning;
river patrols; maintenance and management of dams, sluice gates and other types of infrastructure; con-
struction work on embankments and other defense structures; and conservation and improvement of the
fluvial environment. During flood events, the administrator is responsible for tasks including monitoring
precipitation and water levels; providing flood forecasts and other relevant information; operating dams,
sluice gates and other types of infrastructure; ensuring rapid removal of flood water using drain pump
vehicles and other methods; and post-disaster surveys. Making a single entity responsible for infrastruc-
ture management during both normal circumstances and flood events fosters the accumulation of
knowledge and experience relating to rivers and river basins, and the development of a sense of respon-
sibility, thus facilitating appropriate responses to an emergency.

3.3.1.2. Disaster management technology
(i) Forecasting and warning technology enables infrastructure management based on hydrological
forecasting, assisted by real-time data transmission systems and radar technology. Japan frequently
experiences heavy rain events during typhoons or in the rainy seasons, and riverbank steep slopes
cause quick flood run-off. For these reasons, it is important to accurately monitor such hydrological
and hydraulic information as precipitation, river discharge and water level without delay, provide rel-
evant information to the authorities and residents concerned, and operate dams, sluice gates and
other types of infrastructure appropriately using the information. Also, to enable successful evacuation
by residents, accurately predicting water levels is essential. The response to rapidly occurring emergen-
cies on Japan’s rivers is facilitated by the deployment of real-time data transmission systems of
precipitation and water level data, the deployment of radar systems for precise monitoring of precipi-
tation distribution, and forecasting and warning technologies that utilize these observed data.

3.4. Post-disaster response

3.4.1. Surveying, analyzing and recording damage. Surveys, analyses and records of damage are used
for rapid planning of recovery and reconstruction. After a flood event, river administrators must survey
and collect such information as flood high-water marks (maximum river water levels during a flood),
flood inundation area, and incurred damage. The results of surveys are used for improving the analytical
methods that are essential in river improvement planning and so forth. They are also reflected in the
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improvement of plans for river improvement works and maintenance. Data regarding flood damage are
indispensable for promoting public understanding of the need for flood control measures.

3.4.1.1. Legal framework
(i) The water disaster statistical survey system is an important data-compiling system. Under the Stat-
istics Act, since 1961, surveys of damage to personal or business property, rivers, roads, or other public
infrastructure, transport, telecommunications, or other public services from floods, inundation by insuf-
ficient drainage, storm surges, or debris flows have been carried out with the aim of compiling basic data
required for the implementation of various flood control policies. It has become an institutionalized pro-
cedure that the municipal governments conduct surveys and reports on damage to personal and business
property, and the prefectural governments conduct surveys and reports on damage to public infrastruc-
ture (see Figure 5). These surveys and reports help to build up reliable and consistent records of water-
related disaster damage.

3.4.2. Recovery and reconstruction for future damage reduction. Preventing recurrence of disaster is a
priority when rebuilding damaged infrastructure. Reconstruction in disaster-stricken regions provides
these areas with greater reduction of disaster risks.

Fig. 5. Flood damage statistics survey since 1961.
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3.4.2.1. Legal framework
(i) The first significant component of the legal framework is the post-disaster recovery projects system.
Prompt and sound recovery of public infrastructure damaged in natural disasters is important for securing
social welfare. However, the cost of rebuilding public infrastructure can burden local public bodies with impul-
sive and heavy spending. To address this issue, Japan has set up a system for recovery projects aimed at various
kinds of public infrastructure, under which central government increases its share of these expenditures depend-
ing on the local public body’s financial situation. Unlike as for other public works projects, funds are made
available rapidly, in accordance with the project’s urgent needs for recovery, and damage assessments for
the purpose of determining the projects are carried out as soon as local public bodies are ready. The local
public body can start reconstruction work immediately after a disaster before completion of the damage assess-
ment. Furthermore, if restoring infrastructure to its pre-disaster condition is inappropriate or significantly
difficult, then the reconstruction may include qualitative improvements in position, configuration, materials,
dimension, and so forth. For example, a winding road that was washed away due to a sediment disaster may
be replaced by another road built on a new route, such as a tunnel connecting both ends of the damaged section.
Under this system, post-disaster recovery in Japan can take into account prevention of disaster recurrence.

(ii) The other significant component of the legal framework is the Act on Regional Development for
Tsunami Disaster Prevention. As recovery continues in areas that suffered major damage during the
Great East Japan Earthquake and Tsunami, regional developmentmust promote resilience to tsunami disasters
that may occur in the future. There was a need to establish a general system, covering the whole of Japan, that
would be capable of preventing or mitigating any future tsunami disasters. In response to this need, the Act on
Regional Development for Tsunami Disaster Prevention became law in December 2011. In accordance with
this act, ‘regional development for tsunami disaster prevention’ is being promoted through a principle of
‘multi-layered protection’ combining structural and non-structural measures. The act authorizes prefectural
governors to determine and announce the possible extent of tsunami inundation (including the areas thought
to be at risk of flooding in the event of a tsunami and the estimated depth to which they would be flooded).
Using these projections, municipalities can develop regional development plans in such a way as to promote
integrated tsunami disaster prevention, and implement various measures such as setting up warning and eva-
cuation systems for residents, and applying restrictions on development and buildings’ construction.

4. Conclusion

Japan has experienced numerous disasters due to its challenging topography, and to its climate.
Experiencing such disasters has enabled the country to improve its disaster management capability.
As the disaster risks from climate change and mega-earthquakes increase, the sharing of Japan’s

experiences of disaster with the world should contribute to enhancing the world’s ability to address
and manage disasters. In the light of its experiences, it would be appropriate for Japan to send the fol-
lowing message to the world.

(i) Strengthening disaster management investment for ‘disaster prevention’

At present, most countries can hardly be said to be making sufficient investment in disaster preven-
tion. In most countries, disaster management has remained at the stage of emergency response and relief
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during disaster events. However, disasters do not only claim many human lives. By destroying buildings
and other property, they also sweep away the economic development gains so far achieved. In the devel-
oping countries, eradicating poverty is a priority task. It is necessary to understand that disaster
prevention is important for laying the foundations of growth and protecting the fruits of development.
Japan’s experience of achieving economic development under challenging topographical and climatic
conditions demonstrates that disaster prevention measures make economic sense, given the costs result-
ing from disaster damage.

(ii) Appropriately combining structural and non-structural measures

Early warning systems, disaster education, and other non-structural measures are effective in protect-
ing human life when disasters occur. However, the evacuation action, the primary non-structural
measure, cannot by itself protect property from disasters. This means that the development gains
may be lost in disasters, which would result in delaying the achievement of the international goal of
eradicating poverty.
Structural measures are effective not only against disasters that are within the design capacity of defense

structures, but also, to a certain extent, against disasters exceeding this design capacity (see Figure 6). Fur-
thermore, even when a disaster exceeds the design capacity of defense structures, an appropriate
combination of structural and non-structural measures can minimize damage. In response to the lessons

Fig. 6. An example of structural measures that provided protection against a tsunami that exceeded the defense-design capacity.
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learned from the Great East Japan Earthquake and Tsunami, Japan is implementing both structural and
non-structural measures as it pursues regional development for tsunami disaster prevention. Structural
measures may be more expensive than non-structural measures, but, with the prevention of damage
from future disasters in mind, an appropriate combination of both kinds of measure seems to be a wise
investment.

(iii) Incorporating disaster management in all sectors

Building a disaster-resilient society cannot be achieved by projects with a ‘disaster management’ label
alone. Disaster management needs to be incorporated into projects within other sectors also. During the
Great East Japan Earthquake and Tsunami, the redundancy built into the road network, or the function
of the road network to enable provision of alternative routes when there is disruption on some roads,
clearly played a decisive role in rescue and relief efforts in the disaster aftermath. Moreover, road
embankments acted as secondary levees. Although the focus in road development is on increasing
the convenience of travel and providing an economic stimulus, we should be fully aware of the role
that roads play when a disaster occurs. Having evaluated this role, we should seek to maximize all
the benefits of road development including its disaster mitigation function. In many countries, budget
limitations make it difficult to accord higher priority to investment in disaster management infrastruc-
ture. However, consideration of disaster management issues when investing in projects of any sector
will enable efficient and effective enhancement of the disaster response capability of these countries.

(iv) Reconstruction and recovery planning for damage reduction

Japan’s examples present good cases of transforming a disaster into an opportunity to leave a more
disaster-resilient region to posterity, that is, the budget system allowing recovery to begin immediately
after a disaster occurrence, and the reconstruction and recovery efforts designed to reduce the risk of
disaster recurrence currently under way in the region affected by the Great East Japan Earthquake and
Tsunami. Disasters catch the world’s attention, and thus enable affected regions to receive a great deal
of support. However, merely rebuilding the damaged infrastructure without implementing adequate
measures during reconstruction and recovery efforts cannot reduce possible loss of life and property
if another disaster happens. Disaster should not be treated as a transitory experience. In the long term,
repeated efforts to prevent such an experience from recurring will build a disaster-resilient nation (see
Figure 7).

(v) Assessing and recording damage

In many countries, there is still no system in place for continuous and consistent collection of disaster-
related records and statistics. In Japan, there is a long-established system for collecting statistics on dis-
asters including water-related disasters (see Figure 8). This is useful not only for assessing the
effectiveness of disaster management measures and setting priorities; it also fosters understanding of
the necessity for such measures and facilitates the securing of budgets and other resources, allowing
these measures to be fully implemented. It is essential for every country in the world to have systems
for continuous recording of disasters and collection of relevant statistics, so that the justification for
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Fig. 7. An example of recovery and reconstruction works that prevented the recurrence of disaster.

Fig. 8. Efforts to collect disaster-related records and statistics.
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investing in disaster management can be adequately explained, and systems to enable implementation of
the necessary measures created. It is vital that such initiatives are promoted worldwide.
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Abstract

This paper focuses on the recently changed perspectives in the Netherlands’ risk reduction philosophy, aimed at
protecting a densely populated delta at a lasting high safety level throughout this century while addressing the
impacts of climate change and socio-economic developments. The changed perspectives reflect a shift from
policy development and implementation following a disaster (reactive) to a nationwide approach of climate-proofing
the delta and thus anticipating projections of climate change and socio-economic developments at the end of this
century (proactive: prevention). In addition to presenting these changed perspectives, lessons learnt are presented
from Dutch experience, which can be applied to flood-prone areas around the globe. The connecting theme
through these lessons learnt is the realisation that a proactive approach to flood prevention instead of reacting
to flood disasters pays off and should be the way forward for densely populated, flood-prone areas.
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1. Introduction

1.1. Worldwide increase of flood frequency and damage

Worldwide, the risk of weather-related disasters, such as floods and landslides, has increased strongly
over recent decades (Figure 1; see also IPCC, 2014). Of all natural disasters most damage and most
casualties are due to floods, especially river floods, which occur on a regular basis and cause ever
more damage and affect many people. Not just the damage due to floods, but also the frequency of
floods has increased, both in Europe and worldwide.
In its broad sense, flood risk is defined as the probability of adverse effects due to inundation. This

means that risks will increase due to either an increase in frequency of extreme events, or because more
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people or more economic assets are affected. Flood risk has already increased due to socio-economic
developments over recent decades and will continue to do so due to further socio-economic develop-
ments and projected climate change. The risk increase over recent years has mainly resulted from the
increase of the vulnerability of people and their belongings in flood-prone areas: more people have
moved to low-lying areas near rivers and in the coastal zone (IPCC, 2014; Visser et al., 2014).
The low-lying areas along theworld’s coasts constitute ‘only’ 2% of the world’s land area but are inhab-

ited by 10% of theworld’s population (and 15%of theworld’s urban population). Furthermore, 65% of the
world’s largest cities, with a population of at least 5 million residents, are located in the coastal zone. The
global population exposed to the ‘1 in 100 year’ extreme sea level (i.e. the sea level that has a 1% chance of
being exceeded every year) has increased by 95% from 1970 to 2010with about 270million people and 13
trillion US$ worth of assets being exposed to this sea level in 2010. Compared to other regions, Asia exhi-
bits the greatest exposure in terms of population and assets (IPCC, 2014).

1.2. High vulnerability, also in Europe

Also in Europe (river) floods occur on a regular basis. Over recent years large-scale floods have hit,
among others, the Czech Republic and Germany (2002), Romania and Bulgaria (2005), the Alps (2005),
England (2007), France (2010), Austria, the Czech Republic and Germany (2013), and recently Serbia
and Bosnia Herzegovina (2014). The reported economic losses due to these floods vary from €1.7 billion
(Romania, 2005) to €20 billion (the Czech Republic and Germany, 2002). Overall, there were dozens of
fatalities per flood, up to over 100 in 2002 (Ulbrich et al., 2003; Habersack & Krapesch, 2006; DETEC,
2008; European Environment Agency (EEA), JRC & WHO, 2008; Pitt Review Team, 2008; Pollner
et al., 2008; Săvoiu, 2008; Cour des Comptes, 2012; Conradt et al., 2013).

These numbers and the frequency of occurrence of these large-scale floods illustrate that even in (Wes-
tern) Europe the vulnerability to flooding is high in most countries. These numbers also demonstrate that
flood protection pays off: the costs of the measures that have been taken in the Netherlands over recent
years to increase the discharge capacity of the major rivers (the so-called Room for the River Programme),
a total of €2.3 billion, seem relatively modest when compared to the recent flood damages of up to
€20 billion. These measures reduce flood risk for some 4 million people.

Fig. 1. The evolution of economic losses due to weather-related disasters over the last 30 years, stacked to three economic
regions (Organisation for Economic Co-operation and Development [OECD] countries; Brazil, Russia, India, Indonesia,
China, South Africa [BRIICS] countries; and Rest of World) (from Visser et al., 2014)1.

1 In this paper, the term ‘billion’ corresponds to 109.
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In the scientific literature on risk reduction the terms ‘vulnerability’ and ‘resilience’ are often used.
Vulnerability may be defined as ‘the characteristics of a group and their situation that influence
their capacity to anticipate, cope with, resist and recover from the impact of a natural hazard’
(Wisner et al., 2005). According to the scientific literature the vulnerability to a hazard can be reduced
by increasing society’s resilience. A society is more resilient when it recovers more easily from a dis-
aster, learns from the consequences (‘build back better’) and benefits from these ‘lessons learnt’ to
anticipate future threats (Wisner et al., 2005; IPCC, 2012, 2014). Improving your resilience is therefore
a sustainable strategy to decrease your vulnerability.

1.3. Changed perspectives in the Netherlands

Flood protection in the Netherlands used to be based on a flood defence system of dikes, dams and
storm-surge barriers that are designed and maintained at high safety standards put down in law. It has
become clear though that these safety standards no longer reflect the value of the property and the
number of people behind the dikes (Ten Brinke et al., 2008). It was also concluded that people
living in the flood-prone areas of the Netherlands are very vulnerable to flooding: evacuating people
out of the flood-prone areas in the case of a dike failure is not an option for most of these areas
(Kolen, 2013), and the number of casualties during one flood may be very high (Planbureau voor de
Leeform geving/Netherlands Environmental Assessment Agency (PBL, 2014). From this understanding
of current flood risk and bearing in mind the ongoing growth of value to be protected and the projected
impacts of climate change, it was decided to change the Netherlands’ perspectives on flood risk manage-
ment towards a more flexible approach with a long-term horizon.

1.4. Aim of this paper: lessons learnt from the Dutch approach

This paper focuses on the recently changed perspectives in the Netherlands’ risk reduction philos-
ophy, aimed at protecting a densely populated delta at a lasting high safety level throughout this
century while addressing the impacts of climate change and socio-economic developments. The chan-
ged perspectives reflect a shift from policy development and implementation following a disaster
(reactive) to a nationwide approach of climate-proofing the delta and thus anticipating projections of
climate change and socio-economic developments at the end of this century (proactive: prevention).
In addition to presenting these changed perspectives, lessons learnt are presented from Dutch experi-
ence, which can be applied to flood-prone areas around the globe. The connecting theme through
these lessons learnt is the realisation that a proactive approach to flood prevention instead of reacting
to flood disasters pays off and should be the way forward for densely populated, flood-prone areas.

2. Origin of the Netherlands and its vulnerability to flooding

The relationship between theDutch and ‘their’water is founded in the country’s genesis. In order to under-
stand the Netherlands’ flood risk policy, one needs to understand how the Netherlands came into being.
The Netherlands is a country by the North Sea, shaped by sediments from rivers and the sea, and by

the heritage of peaty soils created by swamps some 3,000 years ago. Around AD800 people started to
drain the swamps and cultivate the land. They dug the peat for fuel and to extract the salt. The drainage
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of the peat caused the land to subside, probably some three metres in a few centuries. The extraction of
the peat made the situation even worse. More and more, the land became prey to the storm surges. The
tidal inlets eroded and the sea penetrated further inland.
In the eleventh century the first dikes were built in an effort to stop the frequent floods from the sea.

Storm surges at the end of the twelfth century turned a number of lakes into one big inland sea. To the
north, the vegetation of large parts of the swamps along the coast was washed away and tidal flats were
left behind. The land had to be drained for cultivation and this made the soft soil subside. This increased
the need for building more, higher and stronger dikes. One thing led to another. During the eleventh and
twelfth centuries rural communities decided to join forces. They connected their dikes and made large
polders, and they made arrangements for the maintenance of these dikes. These arrangements were the
first steps towards establishing the water boards that at present are still the key organisations for water
management in the Netherlands. By around AD 1300 most of the marshland had been cultivated.
In the fifteenth and sixteenth centuries water ruled over land. This was only partly due to coastal floods.

Thewater area also expanded because small lakes became bigger and bigger. These lakes started at the cross-
ing of ditches or where people dug away the peat, mostly for fuel. Wind waves eroded the banks. The impact
of storms became more dramatic as these lakes expanded. Since the peat was dug close to the major towns,
the lakes formed close to these towns. They became a threat to these towns and itwas decided to reclaim these
lakes. In the next centuries over a hundred large lakes were reclaimed. Over recent centuries cities and towns
have been built on the bottom of these lakes, up to nearly seven metres below mean sea level.
Currently, 55% of the Netherlands’ land area is embanked, including 62% of its urban area with 67%

of the Dutch population (De Moel et al., 2011). These embanked areas are represented by the blue and
green parts in Figure 2. In this figure the former lakes that have been reclaimed since the beginning of
the seventeenth century can be seen clearly as the blue colours: these lakes are the deepest polders.

3. The Netherlands’ flood protection policy since the coastal flood of 1953

3.1. The flood of 1953 and the ‘first’ Delta Programme

The most recent flood that hit the Netherlands was the flood of 1953. A storm pushed the water of the
North Sea into the funnel-shaped southern bight of this sea between England and the European conti-
nent. Dikes were breached at a few hundred locations. Almost two thousand people drowned in the
south-western part of the Netherlands. Hundreds of people lost their lives in Belgium and England
as well. Almost 8% of the territory of the Netherlands became inundated. As a response, the Deltaplan
(the ‘first’ Delta Programme), consisting of several dams and storm-surge barriers and the large-scale
improvements of dikes, was carried out. The Deltaplan was completed in 1997.

3.2. The Netherlands’ flood protection policy since 1953

Since 1953 no floods from the sea side have occurred in the Netherlands. In the river areas some very
high flood levels were reached in the years 1993, 1995 and 1998. In some cases people needed to be
evacuated, but the damage remained small and no human lives were lost.
In 1960 a Delta Commission proposed safety standards for flood defences along the Dutch coast and

in the estuaries. At a later stage standards for river dikes were proposed. In 1996 these standards were
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anchored into law. The standards demand a minimum height and strength of dikes and constructions
surrounding a given area, thus protecting this area from flooding from the sea, from the main rivers
or from large lakes. Such an enclosed area protected by one set of dikes is called a dike ring. The
flood-prone part of the Netherlands consists of 53 dike rings (and a number of small embankments

Fig. 2. Height of the Netherlands’ surface area, showing the flood-prone (and embanked) parts in the west and the north includ-
ing the deepest polders (blue) reclaimed from lakes and the sea (from: www.ahn.nl). The colour version of this figure is
available online at http://www.iwaponline.com/wp/toc.htm.
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along the River Meuse). The dikes are managed by so-called ‘water boards’, democratic bodies solely
responsible for water management in certain territories.
The safety standards reflect the probability of occurrence of the highest water levels that need to be

safely contained by flood defences.
The discussion on safety standards and on the Dutch flood protection policy took a new direction in

2005. This came about not as a result of actual flood problems in the Netherlands, but rather was trig-
gered by Hurricane Katrina in Louisiana. The size and impact of the New Orleans disaster made the
Dutch government realise that absolute safety or zero flood risk does not exist and that there was a
clear need to review our flood policies and to develop a new forward-looking approach.

4. Socio-economic developments and projected impacts of climate change

4.1. Socio-economic developments

The IPCC (2014) reported a worldwide trend of flood risk increase with respect to coastal and river
floods due to an increase of the vulnerability of people and their belongings along rivers and near the
coast. This trend also holds for the Netherlands. During the twentieth century the amount of urban area
in the flood-prone part of the Dutch delta (river areaþ coastal zone) increased about six-fold. Future
projections of socio-economic changes show a further increase of urban area in the flood-prone zone
by the year 2100 by 30% (scenario: low economic growth) up to 125% (scenario: high economic
growth) with respect to the year 2000 (De Moel et al., 2011).
A recent assessment of flood risk in the Netherlands, carried out within the framework of the Delta

Programme (see below), has shown that 75% of the Netherlands’ total flood risk is in the river area
(Figure 3).

4.2. Sea-level rise

According to the most recent climate change scenarios for the Netherlands, sea-level rise near the
Dutch coast in the period 2011–2070 will be 25–80 cm. It is not clear yet whether the storm surges

Fig. 3. The contribution of flood risk along the rivers, major lakes and the coast to total flood risk in the Netherlands according
to an assessment of the Delta Programme (2014).
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on the southern part of the North Sea will also increase (Koninklijk Nederlands Meteorologisch Insti-
tuut/Royal Netherlands Meteorological Institute (KNMI, 2014).
It is not the absolute sea-level rise but the relative sea-level rise (the rise with respect to the (subsid-

ing) land) that determines changes in flood risk. Large parts of the flood-prone areas of the Netherlands
are subsiding, mainly due to compaction and oxidation of the peaty soil, and due to the exploration of
oil, gas and salt. Land subsidence in these areas will vary greatly from a few decimetres up to one metre
between now and 2050 (Deltares, 2012).

4.3. River discharge

It is likely that the peak discharges of the main rivers in the Netherlands, the Rhine and Meuse, will
increase over the course of this century (Drogue et al., 2010; Görgen et al., 2010). In 2016, when the
Room for the River Programme is completed, the discharge capacity of the rivers Rhine and Meuse will
be 16,000 and 3,800 m3/s, respectively. This discharge capacity agrees with a peak discharge with a
recurrence interval of 1,250 years. The Delta Programme (see below) anticipates a further increase in
the discharge capacity of these rivers to compensate for the impacts of climate change to 17,000 and
18,000 m3/s for the Rhine in 2050 and 2100, and to 4,200 and 4,600 m3/s for the Meuse in 2050
and 2100.

5. The Deltaplan revisited: from flood protection to integrated risk management

The basic principles of the current Dutch flood risk policy are:

1. a minimum safety level for each citizen in the Netherlands (a probability to die due to a flood of at
most 1/100,000 per year);

2. the introduction of a new set of safety standards for the Dutch flood defences based on a societal
cost–benefit analysis;

3. counteracting social disruption in case of flooding;
4. protecting vital and vulnerable infrastructure.

These principles have been anchored in the approach of the Delta Programme.

5.1. Delta Programme approach

In 2010 the Delta Programme was set up, headed by the so-called Delta Commissioner. The main
objective of the Delta Programme is to create a safe and attractive Netherlands, now and in the
future, by providing adequate flood risk management and fresh water supply. The Delta Programme
is a national programme, in which national, regional and local authorities prepare key decisions, develop
strategies and implement measures, in close cooperation with the public, stakeholders and knowledge
institutions (Van Alphen, 2014). Since 2013, a Delta Fund of about €1 billion per year will provide stab-
ility in financial resources to implement the decisions of the Delta Programme. Since 2012, the Delta
Act has formed the legal basis for the implementation of the programme, the Delta Commissioner
and the Delta Fund.
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In 2014, after four years of analyses and strategy development, five key decisions have been presented
to Parliament: three national policy frameworks (on flood risk management, on fresh water supply, and
on water-proof and climate-proof reconstruction and new developments of the built environment), and
two overall strategies for areas where flood risk and fresh water supply interact (the transitional areas
between the rivers and the North Sea: Lake IJssel and the Rhine–Meuse estuary). Measures in the
latter two areas affect the surrounding regions or impose boundary conditions on upstream regions.
These key decisions form a framework for regional strategies regarding six specific hydraulic regions in

the Netherlands: the Coastal Area, TheWadden Sea, the south-western part with its estuaries, tidal inlets and
lakes, the Rotterdam–Dordrecht tidal rivers, the upper stretches of the RiverMeuse, and the Rhine branches.
These key decisions and regional strategies have been developed with a long-term perspective, that is,

a time horizon up to 2100. This long-term perspective stimulates the combination of investment agendas
of different policy fields or authorities. In addition, it helps to anticipate climate change gradually by
making future-proof decisions on nearby capital investments in infrastructure, flood defences and the
built environment. On the other hand, this long-term perspective introduces uncertainty about the
future conditions for which these measures have to be designed (Van Alphen, 2014). This uncertainty
has been tackled by using four so-called Delta Scenarios that present the ‘corner flags of the playing
field of plausible futures’ (Bruggeman & Dammers, 2013). Each scenario describes a plausible future
in which climate change (rapid or moderate) and socio-economic development (growth or decline)
are combined. The climate change parameters are based on KNMI (2014). The socio-economic par-
ameters describe the future size and spatial distribution of population and land use, and constitute
basic data for flood risk potential and fresh water demand.
The most important features of the Delta Programme are:

• the Programme is based on key success factors such as being led by an independent coordinator (the
Delta Commissioner), having a long-term financial commitment of €1 billion/year and having a firm
legal basis;

• many stakeholders are involved in a joint decision-making process to make sure that the decisions are
socially broadly based;

• a risk-based perspective is taken as a basic principle;
• a flexible approach is adopted in the possible strategies by valuing flexibility with regard to the timing
of implementation;

• various investment agendas are linked, and opportunities to mainstream actions with planned invest-
ments are used.

5.2. Building with nature

Ecosystem-based approaches are a cornerstone of disaster risk reduction (DRR) (IPCC, 2012).
Environment degradation is a major driver of increased risk. Along many parts of the world’s coasts,
mangrove forests, for example, provide a natural barrier against extreme weather events and erosion.
In addition, mangroves serve as feeding and nursery habitats for valuable fish species and sequester
carbon more effectively than terrestrial forests.
In the Netherlands, ecosystem-based approaches are being applied more and more, where appropriate.

Examples of these so-called ‘building with nature’ measures include sand nourishments along the coast
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(Figure 4) and creating shallows or vegetation in front of flood defences to reduce wave current-induced
erosion. The basic principle for coastal flood protection in the Netherlands is ‘soft measures where
appropriate, hard infrastructural solutions where needed’. The ecosystem-based approach leaves room
for innovative solutions, such as the so-called sand engine, an island of sand nourished in connection
to the coast and allowed (and meant) to erode and thus supply sand to most of the Dutch coast for
years to come (Figure 5).

5.3. Adaptive delta management, adaptation pathways and tipping points

The Delta Programme comprises a cohesive set of projects (measures) for the short term, but also
looks ahead to the medium and long term (up to 2050). Short-term measures must be logical in the

Fig. 4. In the Netherlands the so-called ‘building with nature’ measures include sand nourishments along the coast. This map
shows the nourishments that have been carried out during 2002–2012 at different parts along the coast.
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long term, must not obstruct long-term measures, or may even be necessary to keep long-term options
open. It is complicated to take the right short-term measures that also address long-term issues while
dealing with uncertainties in socio-economic developments and the impact of climate change. The
Delta Programme has developed a new strategy to take into account uncertainties and dependencies
in decision-making on delta management with a view to reducing the risk of overspending or underin-
vestment: the Adaptive Delta Management approach. In this approach, short-term decisions on water
management, land use and spatial planning are linked to long-term issues on flood protection and fresh-
water supply, allowing switching between strategies through adaptation pathways (Figure 6).
Adaptation pathways are successions of strategies into the future in a changing environment. These

pathways can be explored from many possible transient scenarios of climate and socio-economic devel-
opments. This approach shows the range of options from which policy-makers can choose. The

Fig. 5. The innovative sand nourishment of the ‘sand engine’, where an island of sand has been nourished in connection to the
coast and is meant to erode and thus supply sand to most of the Dutch coast for years to come. The development of the ‘sand
engine’ is being monitored closely in order to learn from this innovative approach (Source: Rijkswaterstaat).
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adaptation-pathways approach thus supports decision-making for sustainable water management in a
changing environment (Deltares, 2010).
A switch to a new strategy is needed once an adaptation tipping point is in sight. Adaptation tipping

points can be defined as points where the magnitude of change due to socio-economic developments,
climate change or sea-level rise is such that the current strategy will no longer be able to meet the objec-
tives (Deltares, 2010). At that time, the chosen strategy fails and alternative strategies are needed. An
example of a tipping point is the functioning of current storm-surge barriers in view of sea-level rise.

5.4. Participation of citizens

As mentioned before, an important feature of the Delta Programme is the involvement of many sta-
keholders in a joint decision-making process. The citizens of the Netherlands are part of these
stakeholders. It is difficult, however, to include citizens unless decisions affect their backyard. Flood

Fig. 6. An example of the approach of adaptation pathways that is used for decision-making within the Delta Programme. This
example refers to the lower reaches of the rivers Rhine and Meuse near Rotterdam. A distinction is made between the decisions
that have to be taken now (left-hand side) and that might be needed in the future (right-hand side), depending on future devel-
opments of climate change and socio-economic developments (Source: Delta Programme, 2014).
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risk awareness in the Netherlands is low and, according to a recent OECD report on water governance in
the Netherlands, ‘Dutch citizens tend to ignore water risks and functions when they develop property’
(OECD, 2014). Flood risk awareness is the starting point to enlarge the resilience of society, to improve
the capacities of citizens to act themselves in preparing for, and during, a flood, and thus avoid social
disruption due to flooding as much as possible. Dutch water authorities, therefore, will continue to
invest in raising the flood risk awareness of the population of the Netherlands.

5.5. Multi-layer safety strategy

The Delta Programme is a shift from a policy based almost exclusively on flood prevention to a wider
focus on integrated flood risk management where flood prevention is still the cornerstone (layer 1) but in
addition the vulnerability to the impact of floods is reduced by adequate spatial planning (layer 2) and
more attention to contingency planning and crisis management (layer 3) (Figure 7). The extent to which

Fig. 7. The Delta Programme is a shift to a wider focus on integrated flood risk management where flood prevention is still the
cornerstone (layer 1, below) but in addition the vulnerability to the impact of floods is reduced by adequate spatial planning
(layer 2, middle) and more attention to contingency planning and crisis management (layer 3, above).
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this approach of a multi-layer safety strategy can be applied varies from one part of the country to
another. A lot can be learnt from cities elsewhere, such as London and Hamburg.

5.6. Implications for (multi-level) governance

The changing perspectives in the Netherlands’ flood risk reduction philosophy call for changing per-
spectives in water governance. Capacities are needed to take decisions under uncertainty, to be flexible
and to be able to switch to different strategies when needed, and to think and act across the boundaries
of sectors or interests. In the words of the IPCC (2012):

‘Adaptive capacity underlies action and is defined in this report as the combination of strengths, attri-
butes, and resources available to an individual, community, society, or organization that can be used
to prepare for and undertake adaptation. Adaptive capacity can also be described as the capability
for innovation and anticipation, and the capacity to generate experience in dealing with change, the
ability to learn from mistakes.’

One of the adaptive capacities is fair governance. This includes the elements of accountability, respon-
siveness, equity, and legitimacy (Grothmann et al., 2003). When taking measures to reduce risks, these
elements should be clearly addressed. Accountability is addressed by designating the responsibilities of
all stakeholders that cover different parts of risk management. In the multi-layer safety strategy, for instance,
the state sets the safety standards for primary flood defences; regional water boards are responsible for dike
maintenance; provinces direct spatial planning; and municipalities, police, fire fighters and health authorities
are responsible for contingency planning and crisis management. In the Delta Programme, responsiveness is
addressed through a trajectory of stakeholder participation. Equity is reflected in, among others, the prin-
ciple that people pay tax for regional water management (including dike maintenance) in the area of
their water board. Legitimacy is secured by reporting the process of the Delta Programme to Parliament
each year and by anchoring the Programme and its key decisions in the Delta Act.

5.7. Low probabilities – high consequences

In the past decades, focus on flood risk management in the Netherlands was almost exclusively on
flood protection. This resulted in the world’s finest flood defence with the highest safety standards.
The other side of this policy is the fact that options to deal with the consequences of a flood in case
(one of) the dikes should fail (shelters, evacuation strategy, etc.) were hardly addressed. One of the per-
spectives in the Netherlands’ flood risk reduction philosophy that has changed is the attitude towards
flood disasters of low probabilities but with high consequences. This change is reflected in the
policy goal to counteract social disruption in case of flooding. The goal to be advanced is a society
that is more resilient. The higher the level of resilience, the lower the level of disruption by flooding.
The options to reduce social disruption in case of flooding have been assessed by theNetherlands Environ-

mental Assessment Agency (PBL, 2014). It was concluded that social disruption can be reduced by:

• taking concrete measures to restrict the number of fatalities during a flood, such as building dikes too
wide to fail (and thus excluding the possibility of being flooded by surprise), creating flood shelters
and designing an effective evacuation strategy;
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• acquiring a good understanding of the extent to which vital functions (such as energy and drinking
water supply) can be secured;

• investigating the possible contribution of recovery plans to the reduction of social disruption;
• organising a communicationwith society on current flood risk, flood risk policy and disaster management.

6. Dutch national risk assessment: flood risk and other risks compared

In 2007 a national safety and security strategy was introduced in the Netherlands, based on a national risk
assessment of all major threats and hazards that might strike the country, including floods and droughts. This
assessment comprises an estimation of the probability and possible impact of a threat or hazard; the estimate of
the impact includes both physical (economic damage, number of casualties, etc.) and social criteria (disruption
to everyday life, loss of trust in authorities, etc.). By using the same method for all threats and hazards, the
resulting impacts of these threats and hazards can be compared, and the results can thus be used for
decision-making on investments in overall risk reduction at a national scale (Mennen & Van Tuyll, 2014).
Since 2012 the Dutch steering committee for national safety and security has acted as the national plat-

form for DRR. Results are positive. Understanding of national risks has increased, capacities for DRR
were enhanced, and the (intergovernmental and public–private) network for DRR was strengthened.

7. Lessons learnt for flood-prone areas around the globe

In the Netherlands in recent years an integrated, adaptive approach has been developed based on the
recognition that risks, if not properly addressed in advance, may lead to the occurrence of disasters.
Facing risks, on the other hand, creates an opportunity not only to avoid a risk turning into a disaster,
but also to use the threat as an opportunity to transform society to a higher level of sustainability
(Takeuchi & Chavoshian, 2013).
Examples of flood disasters can be found on a regular basis, even in Western Europe. The changing per-

spectives in the Netherlands’ flood risk reduction philosophy illustrate that a widespread and effective
implementation of an integrated, adaptive approach to flood riskmanagement requires a reframing of the para-
digm of disaster riskmanagement from its traditional focus onmitigating the (direct) impacts of disasters using
stand-alone and ad hoc interventions to a broader focus on prevention, mitigation, preparedness and vulner-
ability reduction. This broader focus includes flexibility to switch to other strategies when needed, in view
of the uncertainties of future socio-economic developments and climate change. There is an element of exper-
imentation and learning in this. Besides, this broader focus calls for changing perspectives inwater governance
as well, with responsibilities at all levels: globally, nationally, as well as locally and at community level.
The context of the Netherlands may be unique in view of its long-term experience in dealing with

floods for almost a millennium, a large part of its territory being flood-prone (and partly below sea
level) and densely populated, and its wealth that allows for building and maintaining the ‘world’s
finest flood defence’. The principles behind the Netherlands’ flood risk reduction philosophy can be
applied universally, however. Three basic principles are as follows:

There is a sense of urgency now to act on water-related disasters. Climate change is exacerbating the
extremes in hydro-meteorological events. Together with other global drivers under change – population
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growth, rapid urbanisation, increased asset values – this will increase the frequency and impact of water-
related disasters in a number of regions around the globe.

We must invest in better understanding the problem and adopt a proactive yet flexible approach. More
data and better tools for risk assessment are ready for use now and need to be more widely deployed
to identify and prioritise actions. A vulnerability assessment provides an essential information tool in
water-related disaster management. Uncertainties are no excuse for inaction: uncertainties are inherent
in long-term planning and should be accounted for in a comprehensive, flexible and adaptive
approach.

We must take preventive measures before disasters strike. Risk reduction, preparation and prevention are
sensible investments that pay off in terms of reduced loss of life, the avoidance of damage, and long-
term economic growth and stability. Risk prevention should be integrated with long-term planning.
This allows communities and decision-makers to identify and exploit opportunities for synergies
with planned investments, including plans for adaptation to climate change.

From these principles the Dutch approach may serve as an example of an effective approach to take
integrated flood risk management to a higher level: create a framework of legitimacy (the Dutch Delta
Act); explore the future (by using scenarios); draw up a vision to deal with the outcomes of these scen-
arios; develop a set of measures along adaptive pathways; secure funding for decades ahead (the Dutch
Delta Fund); and act smart when implementing these measures (by looking for combinations with other
spatial measures, such as building a car park combined with a dike that are both subsequently covered
by a dune (Figure 8)).

Fig. 8. Near the village of Katwijk the coastal flood defence needs to be strengthened and this opportunity is being exploited by
combining dike construction with building a car park and subsequently covering both of them underneath a dune.
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With respect to disaster management, we must be particularly aware of the impact of disasters to vul-
nerable groups and of the need to tailor policies to improve people’s resilience. Innovative technologies
and instruments will become available to support disaster risk management, such as information and
communication technologies, early-warning systems, resilient infrastructure and buildings, green infra-
structure, climate and integrated disaster risk modelling, and ecosystem-based approaches. This will also
lead to increased business opportunities and contribute to green growth.

8. From concepts to action

The example of the changing perspectives in the Netherlands’ flood risk reduction philosophy illustrates
the concepts of integrated DRR to water-related disasters in general. Also with respect to droughts, for
instance, measures can be designed based on future scenarios and a flexible, adaptive approach that
allows for switching between strategies along adaptation pathways when needed in view of socio-economic
developments or climate change. Steps must be taken to turn these concepts into action around the globe:

1. Disaster risk reduction, water resources’ management and climate adaptation should no longer be
treated as separate topics but should be merged into an integrated approach. Spatial planning
plays a central role in this. The close link between DRR and climate adaptation has already been
stressed by the IPCC (2012), for instance by concluding that ‘Disaster risk management and adap-
tation to climate change can reduce exposure and vulnerability to weather and climate events and
thus reduce disaster risk, as well as increase resilience to the risks that cannot be eliminated.’
This integrated approach can contribute to sustainable development and economic growth.

2. Current international processes should be used to get things done. This calls for a further elaboration
of the Hyogo framework, the Sustainable Development Goals (including SDGs on water and urban-
isation), the United Nations Framework Convention on Climate Change (UNFCCC), and the Third
United Nations Conference on Housing and Sustainable Urban Development (Habitat III).

3. Make sure that the boundary conditions for the implementation of the necessary measures to reduce
risk and increase resilience are in place, such as long-term funding, the elements of fair governance,
and stakeholder participation.
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Abstract

Water resources planning and management has evolved in the United States through several distinct stages over
the past two centuries, transitioning from a concern for inland waterways transportation to single purpose flood
control and finally to multiple purpose large reservoirs. Disaster risk reduction (DRR) was always considered
to be one of the main goals of these strategies. Reviewing history, this paper describes a US federal system
that presents major challenges to coordinating water resources development and DRR, at both the watershed
and metropolitan area scales. The paper reviews the performance of existing flood protection systems of three
recent disasters. Federal, state and local responses to these major events have been mixed, as regulatory and man-
agement agencies with different evaluation frameworks and decision rules attempt to coordinate their respective
responses. The cases revealed new vulnerabilities and weaknesses in the US DRR responses and planning, while
contrasting the relative successes of long-term, strategic DRR planning and investments in the case of the Missis-
sippi River and Tributaries (MR&T) system. The paper analyzes this history and recent cases primarily from the
perspective of the US Army Corps of Engineers.

Keywords: Disaster Risk Reduction; Floods; Katrina; Mississippi; Storm surges; Superstorm Sandy

1. Introduction

Flood and water disaster risk reduction (DDR) management in the United Sates is carried out in the
context of a federal system (Kenney, 1997). There has been over a century of United States Army Corps
of Engineers (USACE) and federal attention to flood risk management. Within the US federal system,
all powers not ascribed to the federal government in the National Constitution remain with sovereign
states. This is important in water resources since states retain sovereignty over water within their
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territories. Consequently, the federal role in water resources development evolved over US history for
specific reasons in response to specific needs (Holmes, 1972).
Traditionally, there has been state and local resistance to federal government actions which are often

seen as interference in water and natural resources management over which states have first sovereignty.
Federal actions have been taken to achieve limited coordination on water resources for specific purposes
such as assuring common standards, assuring interstate commerce and dealing with interstate conflicts.
In addition, a strong tradition of property rights, individualism, markets and private ownership exists in
the USA. There is also general resistance to land use planning (especially if it is from the national
government) which makes water-related DDR management difficult, since most viable solutions that
contribute to infrastructure resilience must integrate current and future land uses.
A long standing culture of primarily structural responses, funded by the federal government, has been

significantly modified with recent water-related disasters such as Katrina and Sandy. But when disasters
do occur there is a long tradition of helping the victims. Recent post-disaster recovery responses, how-
ever, have exposed discontinuities among assistance, mitigation and prevention programs of various
federal agencies in the overall flood and water disaster management picture (US Congressional Research
Service (CRS), 2013). These discontinuities are due mainly to the growing difficulties of a fragmented
federal governance system in dealing with large-scale disasters, and a move toward environmentally sus-
tainable solutions (US Government, GAO, 2014).
The loss of life and property damage resulting from a series of major riverine and coastal flood events

over the last decade in the USA has reminded the nation of the reality of low probability, high conse-
quence flood events. Notable events include Hurricane Katrina, which caused great destruction in the
Gulf Coast states in 2005, riverine flooding in the Midwest in 2008, extensive floods along the Missis-
sippi and Missouri River basins in 2011, and storm surge flooding in the New York region caused by
Superstorm Sandy in 2012. Meanwhile, many scientists and practitioners say that the likelihood of
extreme flood events is increasing in unpredictable ways due to climate change and ‘non-stationarity’
(increased variability) of flood and drought events (Milly et al., 2002).
What could not be foreseen at the beginning of the federal environmental era in 1969, was the pro-

liferation and increasing power of federal regulatory agencies which had legislative mandates to protect
the environment, endangered species, historical and cultural sites, water quality, wetlands, air quality,
coastal zones and aquatic ecosystems. These were federal statutes that applied to all 50 states and
which were increasingly used, through agency administrative interpretations, to shape water resources
policies and solutions, including floodplain management (FPM) and protection of ecological values
of floodplains.
US federal water management agencies advocated multiple objectives and multiple means for water

management, with the overriding objective of promoting economic growth and development, and redu-
cing losses from floods and droughts (Billington et al., 2005). However, the new regulatory agencies
have largely superseded these internally consistent planning paradigms of the federal water management
agencies, created by the US Water Resources Council (1973, 1983), and have imposed significant but
often inconsistent constraints on many of the solutions advocated by the public and the federal water
management agencies, particularly those engaged with flood damage reduction and FPM. A variety
of prescriptive environmental criteria and standards, not always consistent among the federal agencies,
indirectly served as constraints on water resources management plans by substantially reducing the
range of economically feasible options (Stakhiv & Major, 1997). These environmental criteria super-
seded the traditional purposes and procedures associated with water resources development solutions.
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As the number of planning constraints grew (as part of vaguely defined sustainable solutions), so did the
costs of solutions, making them less affordable for communities.
Figure 1 (US Congressional Research Service, 2008) depicts the evolution of the ‘federal interest’ as

seen through federal expenditures on water resources from the 1950s to early 2000s. The National
Environmental Policy Act (NEPA) was passed on 1 January 1970 causing funding for water quality
investments to increase dramatically and then level off in the 1990s through to the present. However,
the role of federal authorities in water resources dramatically shifted from the traditional large infrastruc-
ture investment and planning of the pre-NEPA era to one of operations and maintenance and
environmental regulation as normative drivers of US water management. Today, the understanding
and policy implications of transactions and opportunity costs of this shift are growing, and the USA
is continuously seeking better institutional ways to incorporate the important environmental concerns
into norms for water planning and investments, while maximizing the creative formation of alternatives
and negotiating among the sovereign entities that have authority over water.

2. History of US water DRR policies

From the 18th to early 20th century, flood management and DRR was primarily dealt with as a local
problem, with small-scale structures as the preferred approach to DRR. During the mid-20th century the
national federal role grew and so did the use of large structures. Later in the 20th century the USA
moved back to a more local focus. However, there is now a movement to combine a portfolio of
small and large structures with non-structural responses into a new understanding of risk management,
and especially residual risk and who bears that residual risk. One can track the changes in US orientation
to managing water-related disasters through changes in the language used to describe its policy

Fig. 1. Federal water resources and water quality (1957–2007; in millions of 2006 dollars).
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approaches: in the 1800s it was ‘flood prevention’; in the early 1900s, ‘flood control’; in the mid-1900s,
‘flood reduction’; in the late 1900s, flood plain management (FPM); and more recently, ‘DRR’ (US
Federal Task Force on Flood Control Policy, 1966; Holmes, 1972; Rosen & Reuss, 1988).
There has been a complex institutional history of FPM in the USA from 1900 to contemporary times.

FPM has evolved out of several main streams of US resources policies over the years. These include
resources protection, natural resources management, flood control, human resources management and
disaster assistance. These policies have evolved within various US Federal Agencies such as the US
Department of Agriculture’s (USDA) national forest programs, early flood studies by US Geological
Survey (USGS), National Park Service, and the Soil Conservation Service (SCS, now the Natural
Resources Conservation Service). By the 1930s, federal funds were also supporting wildlife manage-
ment. The Nature Conservancy was established, as was the Fish and Wildlife Service, Historic
Preservation Act, the Wild and Scenic Rivers Act, and in the early 1970s the sweeping Clean Water
Act (US Federal Task Force on Flood Control Policy, 1966).
The early Corps of Engineers authorizations for flood control, followed by the Bureau of Reclamation

and the gradual extension of flood control beyond theMississippi in the 1920s, were followed by states start-
ing to regulate dams and encroachments. The sweeping Flood Control Act of 1936 set the stage for
comprehensive, federally-sponsored flood damage reduction programs for the next 50 years. The Tennessee
Valley Authority (TVA) was created as an instrument of regional economic development. In the 1940s and
1950s, there was an emergence of FPM ideas by Gilbert White (1945) and the University of Chicago. FPM
services and flood way regulations eventually flowed into unified FPM programs such as the National Flood
Insurance Act, NEPA (1970), and the establishment of the Environmental Protection Agency (EPA).
The evolution of disaster assistance shows less formal activity. The Red Cross was chartered to pro-

vide disaster relief for floods in the early part of the last century. However, it was not until the early
1950s that the emergence of the first comprehensive federal disaster relief programs was seen.
Today, these various policies and programs are being unified into FPM. The Unified National Pro-

gram (UNP) is not a formal legislated program but one representing an evolving set of combined
federal agency guiding principles. It is underlain by the implicit expectation that its implementation
will be carried out largely through ongoing programs, activities and policies of the federal, state and
local agencies, and professional groups with responsibility for, or interest in, flood-prone areas.
FPM, based largely on the non-structural approaches advocated by Gilbert White (1945, 1969). It inher-
ently relies on the land use regulatory powers of the state and local entities – not federal agencies.
Within the framework of the Unified National Program (US Federal Task Force on Flood Control

Policy, 1966; US Federal Interagency Management Task Force, 1994), the intent was local governments
and the private sector will set their own specific objectives, in coordination with their land use zoning
authorities to both meet individual needs and also help achieve national goals. Each entity can lend
additional momentum to the UNP by demonstrating exemplary FPM through its own actions. The fed-
eral government provides incentives to conform to the goals of the unified national FPM program, as
well as regulatory penalties for non-conformance. It is the regulatory programs of the various federal
agencies that have become the de-facto implementation and enforcement mechanisms of national
FPM goals, as these programs control the vast array of private sector activities in the floodplains
such as shopping malls, highways, waterfront renewal, urban renewal, parks, agricultural activities,
storm water management, commercial navigation and water quality (Burby et al., 1988).
There is an ever-growing number of private and public actors involved in water-related DRR. At the

same time, there is no national water council or formal federal coordination mechanisms for rapidly
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developing, changing or implementing water policy. Current US water policy, including adaptation to
climate change, is largely driven by the President’s Executive Orders and implemented by the large fed-
eral agencies. However, executive orders, as opposed to legislation, may be and often are rescinded by
subsequent presidents. Today, more than a dozen US federal agencies are involved in managing pro-
grams for flood DRR.
Much of the US history of flood management has been written around the lower Mississippi and the

delta. In 1543 the Spanish explorer, Hernando de Soto noted how the Native Americans raised mounds
by hand and built them high where they could. By 1727, Nouvelle Orleans was protected by a 4 foot
(1.22 m) embankment. From 1823, a federal role in water resources began to emerge, consisting mostly
of clearing navigation hazards, such as sandbars and debris, with continual Congressional debate about
flood control roles by the federal government in response to a series of severe floods in the mid-1800s–
1917 (Holmes, 1972; Arnold, 1988; Rosen & Reuss, 1988).
Debates on flood control in the Mississippi River system in the 1850s centered on the recommen-

dations in 1852 of a private engineer, Charles Ellet, Jr., who was educated at L’Ecole Polytechnique
in Paris. He advocated a mixed strategy of levees, river control structures and outlets for the lower Mis-
sissippi River. Severe floods in 1858 and 1859 swept away many of the private levee systems. At the
same time, the Corps of Engineers commissioned Captain Andrew Humphreys and Lieutenant Henry
Abbot to review the situation, and their detailed report of 1861, which was based on a comprehensive
series of hydraulic measurements and a decade of research, advocated a ‘levees only’ strategy for the
lower Mississippi River. The Humphreys view prevailed for 60 years until the devastating floods of
1917 and 1927. In the meantime, the Mississippi River Commission was founded in 1879 to coordinate
and manage the various public and private flood control and navigation measures that were proliferating
in the lower Mississippi valley (Holmes, 1972; Arnold, 1988; Rosen & Reuss, 1988).
After the flood disasters in 1916, Congress passed the Flood Control Act of 1917, wherein the federal

government, for the first time, was directly charged with planning and financing flood control measures
in the lower Mississippi and Sacramento rivers. The Act instituted cost-sharing between the federal gov-
ernment and local governments, where the federal government would pay two-thirds of the costs, and
the local share would consist mostly of lands, easements and rights of way. The Flood Control Act of
1928 followed the 1927 flood disasters and established a comprehensive flood control strategy for the
lower Mississippi River. Many call the 1927 floods the greatest disaster in US history, as 700,000
people were left homeless and there were $250 million (in 1927 US dollars) in economic losses. In
the previous 200 years, locals had spent approximately $300 million in lower Mississippi flood
works. However, in the single 1928 Act, Congress authorized $325 million for flood control works.
This expenditure represented the greatest percentage of the US budget for water projects ever authorized
in the USA (Holmes, 1972; Arnold, 1988; Rosen & Reuss, 1988).
The decisive turning point in a comprehensive federal role and responsibility for national flood control

occurred after the devastating floods of 1936, which ravaged theOhio River valley and the upper and lower
Mississippi River. The Flood Control Act (1936) expanded the Corps of Engineers role, and stipulated that
flood control reservoirs were to be a part of the solution set, and that federal investments were to be based
on a benefit–cost analysis. The importance of upstream practices was clearly linked to downstream flood-
ing. While the SCS of the Department of Agriculture was assigned to work on the upstream tributaries, the
Corps was assigned responsibility for all the major rivers of the USA. A good part of the rationale for an
elevated federal role stemmed from the need to overcome the devastating effects of the 1930s economic
Depression, and to spur economic growth and provide employment for the millions out of work. The TVA
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and the Grand Coulee Damwere both started during this period as part of the broader social objectives of a
federal public works program (Holmes, 1972; Arnold, 1988; Rosen & Reuss, 1988).
The TVA began a sweeping regional program of resource development that included the construction

of multi-purpose dams, including flood control. The Bureau of Reclamation and the USDA began
including flood control with other considerations in their projects. Floodplain lands, waters and natural
resources received protection, if at all, only under a handful of laws and programs for preserving special
areas such as public parks, forests and wetlands.
During this period, human and natural resources were managed separately. The federal government

was the principal actor simply because it was the best organized, could tackle inter-jurisdictional
problems, and marshal adequate personnel and financial resources. Throughout this era, states and
local entities were not successful in controlling floodplain encroachments by the agricultural sector
or municipalities. Despite increased effort in the physical control of flooding, economic damages con-
tinued to grow as the national economy expanded. FPM and restricting development in floodplains by
the local entities was not considered a federal responsibility.
FPM was not a common term during the early and middle decades of the 20th century. Nevertheless, a

number of diverse efforts were being undertaken that would later be recognized as precursors to contempor-
ary FPM.TheCorps of Engineers and theUSGScontinued to set up streamgage networks during this period.
TheUSForest Service studied the relationship between timber harvest and runoff. A national program for the
study and management of upstream watersheds was authorized. The US SCS helped individual landowners
and operators apply conservation measures (including flood prevention) in 2,600 soil conservation districts.
A few states adopted limited FPM regulations, mostly to prevent channel encroachments. Localities

and special districts continued to build levees, and modify and maintain small channels. In 1953, the
TVA initiated a comprehensive regional FPM program and during the early 1960s the Corps began
offering FPM services nationally (Holmes, 1972; Arnold, 1988; Rosen & Reuss, 1988).
Between 1936 and 1952, the US federal government spent billions of dollars on flood control projects

and storage for single and multi-purpose projects. During this time, the prevailing idea was to build a
way out of the problem. Indeed, these structural measures provided the foundations for a more sophis-
ticated approach to flood damage reduction. The Mississippi River and Tributary Plan (MR&T), which
was the USACE response to congressional authorizations of the 1930s to deal with devastating flooding,
clearly acknowledged and included ‘room for the river’ as part of this highly successful 90 year program
(Holmes, 1972; Arnold, 1988; Rosen & Reuss, 1988).
By the 1940s–1960s the view on flood management began to broaden. As early as the mid-1800s some

realized the problemwas settlement and cultivation in the floodplain.White (1945, 1969), along with Arthur
Maass (1951, 1962) at Harvard and others developed alternative approaches to water resources and flood
management. In 1953, the first major test of these land use and flood control measure ideas was undertaken
byTVA. In 1954, theWatershed andFlood PreventionAct, of the SCS in theDepartment of Agriculture, was
passed. In the 1950s and 1960s there was also a broader movement for more water resources coordination
with a national water resources council (WRC) and a series of river basin organizations (White, 1969).
In the late 1960s and early 1970s, FPM began to take root as a complementary approach to structures

as a way to manage the nation’s flood problems. In 1968, Congress enacted the National Flood Insur-
ance Act which established the National Flood Insurance Program (NFIP). The NFIP encouraged the
widespread adoption of floodplain regulatory controls to discourage further development of damageable
improvements in the nation’s floodplains, and established a threshold of a 100-year flood zone. Supple-
menting structural approaches, FPM was meant to reverse pressures on development in floodplains.
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Indeed, billions of dollars of flood damages were prevented and many lives saved. However, lacking a
unifying policy, this period was marked by fragmentation of responsibility, differing and conflicting
missions and roles, and even a certain amount of competition among agencies at the federal level.
Other federal agencies became involved in urban flood management, including the recently created
Housing and Urban Development Agency (HUD) in 1965. This led to further fragmentation of the fed-
eral roles and responsibilities.
During the 1960s, ideas about the best ways to reduce flood losses began to change. Continually rising

flood losses in spite of a substantial investment in flood control, coupled with an emerging environmental
ethic, brought shifts in thinking about floodplains. The US Congress directed the President to formulate a
framework for managing the nation’s floodplain areas. Numerous federal, state, local and private initiat-
ives in the form of legislation, executive orders, interagency and intergovernmental agreements,
comprehensive plans, public awareness campaigns, land trusts and scientific research all combined to
form a broad foundation of principles for managing flood-prone areas.
In 1966, ‘A UNP for Managing Flood Losses’ was submitted to Congress (US Federal Task Force on

Flood Control Policy, 1966). It recognized the need for a unified approach and for new procedures and
made recommendations for initial federal actions, including legislation, specific studies, and new pro-
grams for collecting and disseminating flood related information.
In 1976 the US WRC produced the report, ‘A UNP for FPM’ (US Water Resources Council, 1976).

The report described a framework for managing the nation’s floodplains (not just the losses resulting
from flooding), identifying strategies and tools for doing so, and made recommendations for recognition
and acceptance of the program at all levels of government. Federal water resources planners were
instructed to devise non-structural flood protection plans as viable alternatives to structural measures.
In 1979, a Federal Interagency Task Force on FPM updated and refined the UNP. This revision incor-

porated federal concerns with the natural and beneficial values of floodplains, responded to the
President’s policy, expanded the strategies, tools and conceptual framework accordingly, and empha-
sized the lack of adequate technical and procedural information to guide floodplain decision makers.
The report was updated again in 1986 by an Interagency Task Force. It included the use of the federal
interagency hazard mitigation teams, passage of the 1982 Coastal Barrier Resources Act restricting fed-
eral expenditures that might encourage development of coastal barriers, and completion of two major
National Science Foundation studies on flood hazard mitigation. The report made explicit recommen-
dations for federal support of state and local initiatives.
In 1994, a revised conceptual framework called for managing floodplains as integrated systems for both

human activities and natural functions. It also listed specific national goals, set a timetable for their completion,
and incorporated benchmarks by which progress can be measured. While all these federal task forces rep-
resented important conceptual milestones, the advocacy was largely in the federal domain, via Executive
Orders. Congress did not follow up with meaningful comprehensive legislation to transform these conceptual
ideas into a permanent footing, and local communities continued to favor structural solutions, whichwere seen
to be more reliable and permanent. This created an uncomfortable dichotomy for the federal water manage-
ment agencies – the local sponsors generally preferred structural solutions, while the federal entities promoted
non-structural approaches. Meanwhile, Congress, which represented their constituents, kept funding studies
and structural solutions (US Federal Interagency Management Task Force, 1994).
With these trends as a backdrop, the extreme floods on the Upper Mississippi River in 1993 spurred

yet another major re-assessment of the nation’s flood damage prevention and mitigation policies. The
US President established an Interagency FPM Review Committee to delineate the major causes and
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consequences of the 1993 Midwest flooding, and to evaluate the performance of existing FPM and
related watershed management programs. The Review Committee issued its report, ‘Sharing the Chal-
lenge: FPM into the 21st Century’, in June 1994. Later in 1994, the Federal Interagency FPM Task
Force, established by the WRC, issued a revision to ‘A UNP for FPM’ (US Interagency Floodplain
Management Review Committee, 1994). The newly revised UNP for FPM included four recommended
national goals, each accompanied by several objectives.
However, most of the recommendations of ‘sharing the challenges’ were not completed, either by the

federal agencies or by Congress. Indeed, the Nation’s substantial residual flood problems are more dif-
ficult to solve than ever.
Today, over 20,000 localities regulate their flood-prone areas, making federally administered flood

insurance available to their citizens. While most of these communities and extensive rural floodplain
areas are subject to some frequency of flooding, only 10–15% of the structures in these areas are protected
and few have a high degree of protection. Nevertheless, evidence indicates floodplain regulatory controls,
as prompted by the NFIP, have deterred the development of damageable property in the nation’s flood-
plains. However, such controls are not universal and not always strongly enforced. As a result, growth
in damageable development continues, albeit at a reduced rate. Although these controls and the NFIP
have been incentives to state and local governments to adopt regulatory controls, the flood insurance
itself, along with the recommendations of the various committee reports, have not been a panacea (US
Federal Interagency Management Task Force, 1994; ASFPM, 2004; Hessler, 2000; US FEMA, 2000).

3. Current situation: FPM, flood damage reduction policies and risk tolerance

3.1. Defining risk: multi-objective water resources management versus risk-based management

Today, DRR is underpinned in the USA by risk-based decision making. Risk-based decision making is
seen as distinct from traditional water resources multi-objective decision making. The main difference in
the two approaches appears to be the reality that the federally dominant ‘top-down’ comprehensive river
basin oriented planning governance structures are dissipating and being replaced by more ‘bottom-up’
local, sub-state level governance decision making. This transforms the traditional water-based national
economic development paradigm to one of sustainable development. This new paradigm maximizes
social well-being, public safety and risk-reduction strategies for the local populace, subject to numerous
environmental constraints (and preferred solutions) imposed by the regulatory agencies (Stakhiv, 2011).
In the past, growth was stimulated by federal economic and infrastructure investment policies, with

generous federal subsidies. Today federal subsidies, regulatory and grant programs are used to transform
development into what is known as ‘green growth’. Whether this shift will result in more adaptable and
resilient communities in the USA remains to be seen.
Risk-based decision making and management has also changed from a normative engineering-stan-

dards based approach, which relied substantially on flood event probabilities and engineering design
infrastructure failure probabilities, to an ‘analytical-deliberative informed consent’ decision approach
(Stern & Feinberg, 1996). In the past, flood risks were explicitly dealt with in terms of engineering-
based threshold standards, such as the ‘100-year flood’, or ‘standard project flood’ or ‘probable maxi-
mum flood or hurricane’. The new ‘risk-informed decision making’ culture is far more complex. It is
based on risk–cost comparisons and tradeoffs among various options. It engages the affected public.
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This evaluation approach requires a great deal more complex and technically sophisticated information
and the attention of the public – not just of analysts and decision makers. The public is also asked to bear
more of the residual risks and costs, without often fully understanding the consequences.
DRR is not just an issue of economic planning objectives and engineering design standards, but one

of evaluating the performance of risk reduction measures and benefits of numerous combinations of pol-
icies, regulations and structural solutions. Coupled with the large and growing uncertainties associated
with climate variability, this analysis creates a cascade of growing uncertainties in decision making, that
could be beyond the analytical capabilities of most policymakers, decision makers and most impor-
tantly, the public (Stakhiv, 2011). However, quantifying risk and uncertainty is at the center of DRR
approaches to increasing resiliency. And herein lies the core dilemma. Engineering design standards
already incorporate a socially determined ‘acceptable’ level of social risk tolerance, and they have
the virtue of being uniformly applied. Risk-based decision making at the local level is neither replicable
nor uniform. It is not at all clear whether a collection of loosely connected local solutions, with varying
degrees of risk and uncertainty, can guarantee either robustness or resilience.
The National Research Council (NRC) of the US Academy of Sciences published a primer on

‘Understanding Risk’ (Stern & Feinberg, 1996). They understood that coping with risk situations is
both complex and controversial, noting that numerous techniques have been developed to better charac-
terize risks in order to make informed decisions about hazards to human health, welfare, safety and the
environment. Some argue that as the literature and methodologies for risk analysis expanded during the
past two decades, the quality of decisions suffered because of the technical complexities associated with
such analysis. There was no easy way to transform complex analytical characterizations of uncertainty
into forms needed for ‘public decision making’ (Stern & Feinberg, 1996).
The NRC report offered several principles for undertaking risk analyses:

• Risk characterization should be a ‘decision-driven activity’, directed toward informing choices and
solving problems.

• Coping with a risk situation requires a ‘broad understanding’ of the relevant losses, harms, or conse-
quences to the interested parties.

• Risk characterization is the outcome of an ‘analytic-deliberative process’.
• Success depends on deliberations that formulate the decision problem, guide the analysis to improve
decision participants’ understanding, seek the meaning of analytic findings and uncertainties, and
improve the ability of interested and affected parties to participate effectively in the risk decision
process.

• The analytic-deliberative process should be ‘mutual and recursive’.
• Each organization responsible for making risk decisions should work to ‘build organizational capa-
bility’ to conform to the principles of sound risk characterization (Stern & Feinberg, 1996).

Historically, the US federal water agencies, such as the Corps and Bureau of Reclamation, have
adhered fairly closely to these principles via the former WRC Principles and Guidelines (P&G)
issued in 1983. Risk and uncertainty have always been major components of the decision-making pro-
cess within agency procedures. They are inherently part of a broader analysis of water-related objectives
and means. The difference in the new NRC approach, versus that of the broader and more encompassing
WRC P&G approach, is that the NRC approach views problems through a risk and uncertainty prism,
much the same as NEPA views problems through a single-objective environmental prism.

J. Delli Priscoli and E. Stakhiv / Water Policy 17 (2015) 58–8866



One important component of DRR places the onus of understanding the complexities of risk
reduction options on the public and local officials. In order for the new paradigm to succeed, the
USA, like other nations, needs to dramatically improve risk communication policies and procedures
for DRR. Some argue that the 100-year flood should be termed the 1% or high risk flood, and the
500-year event becomes the 0.2% or extreme risk flood. Some believe, however, that the movement
to a risk-based water resources planning and decision-making framework and away from designing
to pre-determined engineering design standards may result in more structures being built in flood
hazard zones, increasing exposure and susceptibility to flooding.
As Figure 2 shows, structures at 1% risk of flooding actually have a 25% chance of being flooded during

the typical 30-year life of a home loan (mortgage). There is a 1% chance that the same structure will have a
fire – yet almost all homes and businesses have fire insurance, and less than 25% have flood insurance. A
‘residual risk’ will always exist, even with flood control structures and flood insurance, for there will
always be events larger than the ‘acceptable’ design storm event – i.e. the inevitable ‘acts of God’.
What happens if the populace decides to accept a ‘tolerable degree’ of risk that is greater than engin-

eering design standards, based on their calculation of a risk–cost optimum? In a democratic society, the
key is to link risk with responsible behavior; to encourage the active choice and acknowledgement of
flood risks, versus a passive reliance on institutional actions. However, the public must somehow be
fully aware of both the risks and consequences. Defining ‘tolerable risk’ and ‘residual risk’ no
longer remains a scientific or technical exercise, as it quickly moves into the realm of political choices,
where aspects of equity and social justice are joined with a myriad of other aspects of ethics and mor-
ality. With climate change and adaptation, this becomes exceedingly more difficult because of increased
uncertainties that complicate rational decision making.
Figures 3 and 4 contrast traditional and contemporary paradigms or views of risk management used in

flood DRR. Today, water-related risk management starts with various stakeholders and behavioral and
policy measures to build cooperative approaches to risk management. While residual risk has always
been a reality, it is far more explicitly dealt with in contemporary management approaches. Most of the
‘residual risk’, i.e. that risk which cannot be ameliorated through structures, zoning policies or insurance,
is largely borne by individuals, homeowners and small businesses. Yet the degree of ‘residual risk’ is
rarely quantified or explained to the public in terms they can understand. Residual risk is almost always
underestimated because it is difficult to quantify a cascading series of highly interdependent measures,
each of which has its own reliability characteristics and risk of failure. Mostly, though, a flood protection
system is a collection of fragmentedmeasures, including new building codes, zoning ordinances and struc-
tural measures that are implemented over a long period of time and loosely coordinated by multiple
authorities. This comprises the definition of a ‘brittle system’.
Risk reduction is clearly seen as collaboration among levels of government and affected citizens.

Stakeholders must become active participants in the process of defining, sharing, accepting and

Fig. 2. Characterizing flood risk (USACE, 2014).
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choosing levels of risk. In this sense, the public must shift from the traditional view of waiting for the
engineers or experts to ‘solve the problem’, or the illusion that somehow structures will eliminate risks.
Since standards of risk are very much based on consensus, how we make decisions about risk manage-
ment is central to the health of democratic systems.

3.2. Flood management and socio/economic development

Since the Flood Control Act of 1936, the nation, through the US Army Corps of Engineers, as the
principal US national flood management agency, has invested about $100 billion (in 1996 dollars) to
construct, operate and maintain flood control structures. These include approximately 400 major lake
and reservoir projects, over 16,000 miles (25,750 km) of levees and dikes, 400 miles (644 km) of coastal
shore protection and thousands of smaller local flood protection projects. Corps projects, alone, have
prevented nearly $600 billion in flood damages since 1950.

Fig. 4. Flood risk management: the new paradigm.

Fig. 3. Flood control: the old paradigm.
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Projects of other federal and local agencies also have prevented substantial, though lesser, damages.
In addition to damages prevented, damages avoided as a result of regulatory controls and related incen-
tives are presumed to be substantial. Although no one authoritative assessment of damages avoided
exists, one study of small to medium size US cities found that floodplain land use controls substantially
reduced the potential damages of foregone development, which might have occurred in the absence of
the controls (ASFPM, 2004). Annual damages, while widely variable from year to year, have remained
relatively constant, if not slightly decreasing, as a percentage of Gross National Product from 1903
through to 2005 (Figure 5).
Despite these efforts, there remains a substantial residual flood damage problem in the USA even

though existing programs seem to be damping that problem. Emergency disaster relief costs are still
high, averaging around $3 billion per year (1991–1997), and uninsured losses continue to mount.
There are two aspects of the residual problem which are critical. One is the extensive unprotected devel-
opment still remaining within the 100-year floodplains along the nation’s streams, despite all flood
control, FPM and regulatory efforts. The other is the continuing development just outside of the 100-
year floodplain, which is not subject to floodplain regulations, but is subject to less frequent (for the
particular stream and location) but more damaging extreme floods (Weiner, 1996).
The relative wealth of each household and business has been increasing dramatically, so that for the

same magnitude flood event of 50 years ago, compared to today, the damages would be expected to

Fig. 5. Damages from water-related disasters as % of GDP1. Constructed from Mohleji & Pielke (2008), Pielke et al. (2008) and
Shabman (1988).

1 Flood damages as % of GDP (in 2000 dollars)¼ [unadjusted flood damages data (in current dollars)/deflator index] / GDP (in
2000 dollars). Sources of unadjusted flood damage data (in current dollars): direct unadjusted flood damages: NOAA. Data are
for water years, from 1 October to 30 September; total unadjusted flood damages data: Burton & Hicks (2005) paper, adjusted
from data provided in Pielke & Landsea (1998). Source of estimated deflator indices (to convert current dollars into 2000
dollars): from 1929 to date: http://www.flooddamagedata.org/national.html; prior to 1929: assume 2% increase (similar to
the assumption used in Pielke & Landsea (1998)). Source of estimated GDP data: EH.NET 2005.
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increase geometrically, rather than in line with simple inflation. Also, development in upstream flood
‘free’ areas and channelization of streams continues to contribute to increasing storm water runoff
rates thus increasing flood peak potential beyond previous expectations.
The US experiences show that flood DRR measures are closely tied to socio/economic development

and social stability. Damages, as a percentage of gross domestic product (GDP), have gone down dra-
matically. This indicates that in many cases the investment in DRR methods provides enough resilience
to reduce the potential of political–social failure under the stress of water related disasters. However,
DRR investment policies must also guard against ‘inducing benefits’ by creating socio-economic
‘moral hazards’ activity in high risk areas (US Office of Management and Budget, 1998).

3.3. The National Flood Insurance Program (NFIP)

The NFIP is now the cornerstone of US water DRR Policy. Some of the key rules for NFIP include:
no development in a defined floodway; no residential living area below 1% flood level; no non-residen-
tial development subject to damage by 1% flood; no rebuilding of flood-damaged property if an event is
below 1% flood probability and if damage is 50% or more of structure value.
Community measures must meet minimum Federal Emergency Management Administration (FEMA)

standards and include: zoning, subdivisions, building requirements, special purpose ordinances, out-
reach, education, and others.

3.4. Barriers to balancing structural and non-structural measures

There are many barriers to adopting non-structural approaches and balancing them with structural
approaches, apart from the difficult task of quantifying risks and uncertainties. There is often no full
or even adequate accounting of the environmental quality and non-monetary social benefits of non-
structural measures. The flood risk reduction values of natural systems are just now beginning to be
described and evaluated as new analytical techniques and data improve. Existing procedures used for
benefit–cost analyses are often based on certain assumptions that limit non-structural benefits. Emer-
gency flood relief and recovery payments by the Federal Government (FEMA) create incentives
against non-structural measures. FPM is not being pursued in a comprehensive fashion at all levels
of government. Those who live and work in flood zones are not paying the proportional share of
those location decisions as a result of less than actuarial flood insurance premium pricing. The national
policies on disaster response and assistance are not aligned to flood management principles – and are
actually still creating incentives for locating in floodplains (US Water Resources Council, 1983; US
CEQ, 2014; Holliday et al., 1998).

3.5. Overcoming barriers – the debate on policy directions in the USA

To overcome barriers to a sustainable flood policy, the USA is moving toward using ‘likely future
conditions’ to make risk analysis more realistic. Federal, state and local authorities are trying to include
disaster resiliency in community planning. Such resilience should be built on flood control measures,
flood resistant construction, storm water management, community zoning subdivision and regulations
(Holliday et al., 1998).
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To increase the use of non-structural measures, the USA is advocating buyouts (such as in the post
1993 flooding), elevating buildings, buffer zones and levee setbacks. Some advocate keeping vacated
land in public ownership. Everywhere, natural storage capacity is being sought. Building codes are
being redefined for structural wind damage and elevation requirements. New construction in flood
risk areas should include 1–3 feet (0.3–0.9 m) of freeboard above base flood elevation. Some advocate
the use of confidence levels (90–95%) for flood peak flows predictions.
Many barriers to reform exist in agricultural policies. Crop losses often exceed urban losses and may

comprise over half of flooding damages borne by taxpayers. The USA also needs to examine the preva-
lence of repeat areas of losses. Many advocate instituting voluntary permanent easements programs.
Policy makers should perhaps deny subsidies and disaster payments if refused permanent easement pur-
chases. More buffer zones are needed.
There are major barriers to reform in US coastal policies, including existing policies that often foster

rather than discourage construction on coasts. The NFIP has not been particularly effective in coastal
areas, but there is a need to integrate coastal areas into the NFIP and place surcharges on areas subject to
erosion and establish setback requirements. To sustain existing infrastructure, shoreline erosion responses
need to shift from jetties and sea walls to beach nourishment, although in densely populated urban areas,
there may be no viable alternatives to structural measures. However, these are expensive solutions that
need to be coupled with revised cost sharing formulas between the federal and state governments, tied to
setbacks, acquisition strategies and increased public access to improved beaches. Also, such policies require
land use regulations which are in the legal purview of sovereign states and local governments.
Barriers also exist with current data and technology. There is no single entity with responsibility for

collecting and storing data about flood frequency and magnitude, or recording damages. The number
and value of structures in flood hazard zones are not known, but new geographic information system
(GIS)-based systems that integrate various databases in ‘real time’ with operations models are signifi-
cantly overcoming this barrier. The USA needs better data on repetitive losses to structures. FEMA
is improving methods for estimating flood damages but, at the same time, the stream gaging network
is shrinking. New modeling that includes unsteady flow conditions, levee breaches, split flows and
unstable land forms, and debris flows are being developed. However, design manuals need to be
updated to include alternatives to structural methods and newly developed bioengineering approaches.
The flood insurance program and flood policy in general needs to deal with repetitive loss problems. Two

percent of policies under NFIP accounted for 32% of losses and received 38% of pay outs from the National
Insurance fund. Three hundred high loss repetitive communities, in 35 states, or 1.6% of the 18,700 com-
munities in the NFIP, have 31,574 structures that are less than 1% of the total insured but receive 29% of
all NFIP loss payments. There is a need to move to actuarially based premiums or to adjust according to
use of mitigation. Replacement costs are better for coastal situations andmarket value for riverine situations.

4. Three recent cases of water related disasters: 2005 Katrina storm surge, 2011 record Mississippi
river floods and 2012 Superstorm Sandy storm surge

4.1. Case I: Hurricane Katrina 2005

In August 2005, the people on the gulf coast of the United States suffered a great disaster which the
world watched. During Hurricane Katrina, 1.2 million people were evacuated temporarily and 1.5
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million displaced for an extended period of time. Nearly 1,500 people died during the event. Today
about 70% of the population of New Orleans has returned but the percentage returning to the hardest
hit and poorest areas is much lower.
Katrina was one of the greatest natural disasters the USA has ever suffered. The storm disrupted the social

fabric of the entire region: employment, trade, travel, education, health care, worship and community. Quan-
tifiable consequences include direct property losses of over $20 billion in the New Orleans area: $16 billion
in residential losses; $2.4 billion in commercial losses; and $4.4 to $5.6 billion in infrastructure losses,
excluding the hurricane protection system (HPS). Total losses were more than triple those from any previous
disaster in the New Orleans area. Recovery, measured by the return of the population and resumption of
business activities, was hampered by damage to infrastructure and affiliated public welfare and services.
According to the Interagency Performance Evaluation Task Force (IPET) the mass exodus of the region’s
inhabitants, combinedwith structural devastation and the demands of rebuilding, has fundamentally changed
all aspects of the population’s social structure (USACE, Institute forWater Resources, 2008). About 50% of
property owners suffering flood damage were insured, which is higher than the average in the USA.
Katrina overwhelmed most of the HPS and significantly exceeded the design assumptions. The

system suffered 50 breaches, causing approximately two-thirds of Katrina-related flooding. The remain-
ing one-third was caused by overtopping and rainfall. Forty-six breaches were caused by water levels
overtopping (exceeding the elevations of) floodwalls or levees. IPET noted that four I-wall segments
failed below design levels along the 17th Street canal because of unanticipated failure modes (Figure 6).
It could have been much worse. If the record Mississippi flood of August, 1993, had coincided with a

hurricane of Katrina-type magnitude, it would have been comparable to the great flood in Bangladesh in
1988, when monsoon flooding coincided with a cyclone (hurricane) in the Bay of Bengal. More than 30
million people were homeless, over 100,000 died and nearly 70% of Bangladesh was flooded. Louisiana
has a similar topography and situation, and Dhaka, Bangladesh, has comparable physiographic charac-
teristics to New Orleans.
As mentioned above, federal commitment to flood protection increased along the Mississippi and

around New Orleans steadily during the last century. In fact there were large storm surges in 1812,

Fig. 6. Category 5 hurricane.
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1915, 1947 and 1965. However, it was not until 1955, after Hurricane Elena struck New Orleans, that the
US Congress authorized $85 M for storm surge and hurricane protection with an estimated completion by
1979 (Figures 7 and 8). New Orleans thus started two levee systems: one for spring floods and one for fall
storm surge events. The new storm surge or Hurricane Protection project was designed for a category 2þ
event (Simpson-Saffir scale) with a statistical return period of 200–300 years. Two alternatives designs
were considered. First a Barrier Plan with two rings of protection, consisting of an inner ring of 9–13
foot (2.74–3.96 m) levees with an outer storm surge barrier with flood gate. The second alternative

Fig. 7. System failure in Katrina.

Fig. 8. Hurricane storm surge flooding in New Orleans.
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was a High Levee Plan which consisted of two inner rings of high levees at 16–18.5 feet (4.88–5.64 m).
(US IPET, 2009; USACE Institute for Water Resources, 2008).
In 1975 and 1977 public opposition and environmental lawsuits over the two-ring plan emerged and it

was abandoned. By 1982, the costs rose from a projected $85 to $800 M with an estimated 2015 com-
pletion. From 1995 to 2005, federal funding declined from $15–20 to $5–7 M/year.
Building in the Mississippi Delta had been increasing with the construction of extensive levee sys-

tems. There were also declining sediment loads in the river and canals were being dredged for
navigation or in support of mineral extraction. The combination of these actions led to considerable
land subsidence in New Orleans, which was already lower than sea level. New Orleans was essentially
an enclosed basin or bowl that was slowly subsiding even further below sea level (ASCE, 2007).
In 1955, when the US Congress established a USACE Hurricane Protection mission, a 70–30% cost

sharing for hurricane protection between the federal government and the state was decided. The resulting
HPS was constructed piecemeal over four decades. In retrospect, the ASCE studies noted that this led to
a failure to see that the sum of many parts did not lead to a system nor a system-wide approach to design
or operation. The result was changing technical configurations, rising costs, project extensions, and
unclear mixing of cost sharing interests and technical considerations between state, local and federal
entities. For example, the potential of a storm surge forcing water back through the canal outfalls
was recognized. However, there was a long standing culture of pumping water out of New Orleans
and fear of blocking outfalls. Plus such a system would incur higher costs to local interests. Thus a
plan of high levees around outfall canals was established, which required far more federal money
outlay. Engineering design tests indicated the risk of constructing high levees versus some outfall pump-
ing was about the same, although this key test remains a point of contention for some.
During this extended time, subsidence and vertical datum adjustments were not considered. The Amer-

ican Society of Civil Engineers (ASCE) noted that the Standard Project Hurricane definition that was
developed after the 1965 hurricane was never updated and design criteria were based on assumptions
and conditions at the beginning of the HPS implementation with no systematic updates being made.
It appears that neither system-wide considerations of residual risks or deliberate treatment of system

reliability issues were considered. Also, there was a lack of adaptive treatment of risk and reliability over
the many iterative design changes. In addition, there was a lack of clearly communicated residual risk or
of the monumental scale of possible consequences from system failure to stakeholders and the public.
According to the USACE-IWR Decision Chronology study in 2009, this incremental decision making,
federal-state interactions and constant search for lowest cost options combined to create a hurricane pro-
tection policy ‘perfect storm’, as outlined in Figure 9 (USACE Institute for Water Resources, 2008).
Katrina led to a series of technical, policy and financial responses. The immediate recovery period

was followed by new flood maps, the rebuilding of homes, a new study of the Louisiana Coast (the
USACE Louisiana Coastal Protection and Restoration (LACPR) Study) and, most importantly the
new paradigm for flood risk management policy mentioned in Section 1 above.
Technical responses included repair of levees/floodwalls, pumping water, restoration of navigable

waterways, upgrade protections to standards for category 3þ hurricanes, and an accelerated completion
of protection measures. Also, a massive new surge barrier has been built.
Policy, institutional and regulatory responses included all levels of government and public partici-

pation in the IPET, the LACPR study and local governance Levee Board Reform in New Orleans.
The IPET (US IPET, 2009) conducted a forensic analysis of what happened. The IPET consisted of
teams for: engineering and operation risk and reliability analysis; consequence analysis of Hurricane
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Katrina; pumping station performance; analysis of floodwall and levee performance; geodetic vertical
survey assessment; storm surge and wave physical model – centrifuge modeling; storm surge and
wave physical model – hydrodynamic forces; numerical model of Hurricane Katrina surge and wave
environment; interior drainage numerical models; and data collection and management – perishable,
systems data, info management. As Figure 10 below shows, the process included considerable peer
review and experts outside the immediate agencies involved (US IPET, 2009).
The IPET concluded that as Katrina progressed slowly across the Gulf of Mexico, the storm gathered

enormous quantities of water. A Category 5 hurricane with 175 mph (282 km/h) winds located
170 miles (274 km) from landfall, Katrina dropped to a Category 3 hurricane, with wind speeds of
127 mph (204 km/h), when it came ashore at Buras. But the storm brought with it record levels of

Fig. 9. Decision chronology summary findings.

Fig. 10. Chronology study: forensic approach.
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surge, waves and rainfall, of magnitudes for hydrodynamic aspects of storm strength not factored in the
Saffir-Simpson hurricane scale (Category 1–5) (US IPET, 2009).
The IPET noted that although Katrina, with wind speeds of 127 mph, was classified as a Category 3

hurricane at the time of landfall, its levels of surge and waves exceeded those of any previous storm
striking the North American continent. Katrina generated surge and waves causing major breaches in
the HPS (described above) and significantly damaged 34 of 71 pumping stations designed to move
water out of the city, as well as 168 of the system’s 350 miles (270 of 563 km) of protective structures,
such as levees and floodwalls. It severely damaged 41 miles (66 km) of protective structures and
brought record rainfall of over 14 inches (0.36 m) in a 24-hour period. The rainfall, combined with over-
topping, contributed about 30% of the floodwater in the New Orleans area. Sixty-five of 73
neighborhoods in the city flooded; 34 were completely inundated (US IPET, 2009).
In addition to forensic study, a chronological study of all decisions made from the mid-1960s to the

event was prepared by the USACE-IWR. This study revealed there was an absence of dynamic practices
and processes to ensure that new knowledge and technologies were incorporated into project design;
updated considerations of project reliability and sustainability under extreme events was not manifested
in project design or system performance evaluations (USACE Institute for Water Resources, 2008); over
time there had been a loss of an integrated system perspective as the original unified vision devolved
into a series of incremental segments over a protracted design and construction period; key design
and performance decisions were made at field level, with limited oversight, and made with the presump-
tion these were purely technical decisions, and without evidence of USACE-HQ awareness of policy
implications; and the explicit consideration and open communication of system-wide residual risk, con-
sequences and reliability were not evidenced in record.
The Decision Chronology Study also revealed that the US federalist system produced serious unin-

tended consequences of incremental policy decisions over 20 years. For example, cost sharing
requirements for the project, combined with local and federal budget constraints, motivated partners
to constantly seek ways to reduce their cost burden. Cost concerns blurred distinctions between techni-
cal, policy and fiscal considerations. Technical decisions were significantly influenced by local water
management objectives. Rather than staying within the defined system design, this incremental decision
making created a piecemeal storm surge protection ‘system’ in name only.
The post-Katrina LACPR study sought to develop and present a full range of flood control, coastal res-

toration and hurricane protection measures exclusive of normal policy considerations for south Louisiana
and consider protection for a storm surge equivalent to a Category 5 hurricane. The study acknowledges
different levels of protection and multiple lines of defense (Figure 11) to include non-structural measures.
Most importantly, it put forward a conceptual vision for a sustainable coast that emphasized sustainable
ecosystems, flood protection, communities and integrated flood control projects, and coastal restoration
initiatives. The study estimated costs to be $76–$136 billion. (USACE Institute for Water Resources,
2008).
After Katrina, the US Army Corps of Engineers operated a recovery activity called Task Force Hope.

This included modifying authorized projects in southeast Louisiana to provide hurricane, storm and
flood damage reduction to achieve the NFIP base flood elevations, under an updated definition of a Cat-
egory 3 hurricane as based on the most up-to-date modeling and risk-based designs. The rehabilitated
system was cost shared at 65% federal and 35% non-federal contributions and completed in 2011.
Financial responses included $2.28 billion in Congressional appropriations to the Corps for projects

in Louisiana, Mississippi and Texas. Of this, $1.4 billion went to New Orleans. FEMA administered a
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mitigation grant program with reimbursements of up to $100,000 to raise the lowest floor of a residence
to the FEMA base flood (100-year) elevation. Eligible homeowners affected by hurricanes could receive
up to $150,000 in compensation for losses to get them back into homes. The federal recovery program
funded 126,780 applicants and paid out $8.33 billion.
While new methods of public communication and humanitarian assistance with housing began, many

policy questions remained. For example, there is still no significant discussion of the overriding social
issue of whether people should be living in high risk, flood prone areas or whether people should move
back – if so where or how? What is the public interest for long-term planning of DRR infrastructure in
this complicated federal system and how should it be factored into decisions? Does the influence reside
with those who pay, such as sponsors of projects only, or with the broader public who subsidize risky
behavior through taxes? How can regional decision-making approaches to recovery that combine rev-
enue generated from a region with cross subsidies be realized? Are there special rules for at-risk
urban areas? What is the best form of risk insurance? Given the increased vulnerability of coastal
cities, is it possible to consciously relocate cities? Who do we protect – those whose properties are
most highly valued, according to existing benefit–cost procedures? How do we protect those without
property or money for insurance? There is a need to view the integration of relief, response and preven-
tion as an holistic risk management endeavor, where citizens actively participate in choosing levels of
acceptable risk. But this has proven tricky because ‘acceptable risk’ is difficult to understand, equivalent
to choosing among alternative modes of cancer treatment – each with different probabilities of success
and numerous uncertainties.

4.2. Case II: 2011 Mississippi flood

In late summer of 2011, the Mississippi River reached some of the highest recorded levels in US his-
tory. USACE managed the flood, with other federal and state local agencies, through the MR&T project
which had been constructed over the last 70 years and was about 90% complete at the time of the 2011
floods (USACE, MVD, 2012) (Figure 12).

Fig. 11. Multiple/redundant defenses.
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The MR&T was authorized and designed after the great 1927 flood. In the 1927 event: 500 people
died; 600 thousand people were left homeless and went to refugee shelters; 41,000 buildings were
destroyed; rail lines were cut throughout the center of the USA; waterways transport of key commodities
were disrupted for months; and east-west telecommunications and postal services were put into chaos.
As a result, one of the most important realignments in political demographics in US history occurred.
During the 2011 flood, the MR&T, designed in the 1920s, combined ‘room for the river’, structural and

non-structural approaches, and essentially worked as planned and designed. (USACE,MVD, 2008, 2014).
It confined flood events to natural and selected agricultural land overflow areas, protected more than 10
million acres of land and onemillion structures, and prevented over $110 billion in damages. The purposes
of the MR&T included navigation, flood control and promotion of commerce. It is one of the largest flood
risk reduction projects in the world and has cost $13.9 billion covering 36,000 square miles (93,240 km2)
of floodplain. It includes levees, floodways for excess flows, channel improvements, tributary bank stabil-
ization, dams and channels. These features were designed to manage a ‘standard project flood’ that would
be 11% greater than the 1927 flood. Between 1928 and 2004 $425.5 billion was invested (USACE,MVD,
2008, 2014) (Figure 13).
The 2011 event was close to the size of the historic 1927 event. By contrast, in the 2011 event over 4

million people were protected. It realized $478.3 billion in prevented flood damages, which resulted in a
34:1 return on public investment. The 2011 event set river stage and flow records over much of the
lower Mississippi River basin. During the flood, USACE operated its floodways and backwater over-
flow areas, which caused 6.35 million acres to be flooded, though 1.5 million acres of floodways
and backwater areas were not used (USACE, MVD, 2008, 2014).
This was the first time all floodway components of the MR&T system were operational at the same

time. Opening the floodways reduced the river’s crest by 2.5 feet (0.76 m) between Baton Rouge and
New Orleans and protected a 200-mile (322 km) corridor of the nation’s business resources, including
the cities of Baton Rouge and New Orleans. The MR&T system performed as designed and reduced the
risks of flooding for more than 4 million people (USACE, MVD, 2008, 2014).

Fig. 12. 2011 Mississippi flood.
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4.3 Superstorm Sandy

In October 2012, people up and down the eastern coast of the United States suffered enormously from
Superstorm Sandy storm surges that flooded major urban areas and severely damaged hundreds of miles
of shoreline. Damages resulted from heavy rainfall as far inland as the Midwest, storm surges exceeding
13 feet (3.96 m), and wind gusts of 80–90 mph (129–145 km/h). One hundred and seventeen people in
the USA were killed and 650,000 homes were damaged or destroyed. Damage estimates for the New
Jersey (NJ) – New York City (NYC) area alone exceeded $60 billion. Political arguments of who
will pay and how much should be rebuilt continue (Figure 14).
Tunnels into NYCwere flooded, effectively cutting off the island ofManhattan. Hundreds of thousands

of people lost power, many for months. At the peak, USACE controlled 162 pumps un-watering over
475.5 M gallons of water. This included the Brooklyn Battery Tunnel, the longest underwater vehicular
tunnel in North America and second longest in the world. In addition, USACE supported efforts in NY

Fig. 13. Large wetland projects.

Fig. 14. Effects of Hurricane Sandy.
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and NJ to establish emergency power in strategic sites such as hospitals, Wall Street financial district, and
essential services. USACE also removed 675,692 cubic yards (516,603 m3) of debris (as of 25 Feb 2013).
USACE employed almost 4,000 people in these efforts while expending over $250 million.
Post-Sandy, the federal government established the joint National Oceanic and Atmospheric Admin-

istration (NOAA)-USACE Sandy Infrastructure Systems Rebuilding Principles (US NOAA & USACE,
2013):

1. work together to develop long-term strategies,
2. improve coastal resilience,
3. increase awareness of risks and consequences.

The principles built on the value of integrated approaches to risk reduction and on incorporating natu-
ral and nature-based features, in addition to non-structural and structural measures. This followed the
historical path of the Jadwin Report after the flood of 1927, which required ‘room for the river’ so
that floodplains are able to carry flows greater than normal, and the Mississippi Coastal Improvement
Project that followed Hurricane Katrina.
The first principle is to work together and develop long-term strategies. It calls for: involvement by

stakeholders in scoping, development, implementation and monitoring of integrated solutions; working
across the federal government to promote alignment of agency actions; leveraging partnerships to maxi-
mize all appropriate sources of funding, resources and expertize; working with state and local partners to
sequence and focus rebuilding and restoration; aligning and delivering data, tools and information (e.g.
physical, ecological, economic, etc.) in easily accessible formats; ensuring the federal government pro-
vides useful and timely technical assistance and information; and learning from the experience of
Superstorm Sandy by conducting assessments of what worked and what did not.
The second principle is to improve coastal resilience. This principle promotes integration of natural and

built systems: using adaptive management to encourage flexible decision making; seeking to modify critical
infrastructure in response to changing conditions; advancing the understanding of a system-based approach
and the benefits of the natural environment and its ‘services’, including coastal buffering; supporting sustain-
able economic activities and strengthening of existing social institutions; identifying economically-viable
solutions that minimize impacts to the natural functions of floodplains and coastal ecosystems; working
together to identify priority actions on a system or sub-system basis; and aligning investments to ensure
water dependent uses of the coast, particularly ports and related infrastructure, supporting working water-
fronts that are more efficient, safe, secure, resilient and environmentally sustainable.
The third principle is to increase awareness of risks and consequences. This requires: improving

understanding among decision makers; encouraging risk-informed decisions that consider uncertain
changes in the natural and built environments, including the effects of climate change, land-use
change and coastal development; investment in risk communication efforts, including disclosure of
risks that have not or cannot be mitigated in an economically feasible manner; encouraging coordination
of common approaches to the characterization of risks, vulnerabilities and mitigation strategies; and
developing and sharing user-friendly information and tools for assessing impacts, managing risks and
risk/reward tradeoffs related to different project options.
Nevertheless, even though there was an interagency task force that attempted to coordinate the var-

ious ideas and plans of the federal, state and municipal agencies, each institution developed its own
approaches to their respective responsibilities, which were difficult to integrate effectively into a
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comprehensive plan. Furthermore, the costs of the various solutions were well beyond the budget laid
out by Congress. Very little has been implemented so far, with the Corps of Engineers shore protection
component as one exception.
Sandy alerted the USA to the growing challenges of climate variability and urban design.
Indeed, the third National Climate Assessment (NCA) for the USA, released in May 2014, reports that

climate change and its impacts are major threats to urban residents. It notes essential infrastructure systems
such as water, energy supply and transportation will increasingly be compromised by interrelated climate
change impacts. In urban settings, climate-related disruptions of services in one infrastructure system will
almost always result in disruptions in one or more other infrastructure systems, and the vulnerability and
adaptive capacity of urban residents will be threatened by pronounced social inequalities, such as differ-
ences in age, ethnicity, gender, income, health and disability (US National Climate Assessment, 2014).
The NCA’s bottom line is that the nation’s economy, security and culture all depend on the resilience of

urban infrastructure systems. The challenge we now face, in NYC and other coastal cities, is how these cities
can evolve to prepare for this level of inundation, before it happens. City government agencies and organ-
izations have started adaptation plans that focus on infrastructure systems and public health. To be successful,
these adaptation efforts require cooperative private sector and governmental activities, but institutions face
many barriers to implementing coordinated efforts (US National Climate Assessment, 2014).
A recent independent analysis by the Rand Corporation (Finucane et al., 2014) of how the federal

agencies were implementing the Obama Administration’s infrastructure resilience guidelines in recon-
structing the areas damaged by Superstorm Sandy, showed expected disparities and confusion among
the agencies. The seven principles in the guidelines are: (1) comprehensive analysis, (2) transparent
and inclusive decision processes, (3) regional resilience, (4) long-term efficacy and fiscal sustainability,
(5) environmentally sustainable and innovative solutions, (6) targeted financial incentives, and (7)
adherence to resilience performance standards.

‘Building community resilience via a ‘holistic systems approach’ (i.e. one that underscores the
dynamic links among human, social, physical, economic and natural resources) was a new concept
for some agencies and their grantees. For others, the focus on green infrastructure and nature-based
solutions to deal with flooding and other storm impacts was a new pursuit’ (Finucane et al., 2014).

The main challenges identified by the federal and state participants underscored common difficulties in
complex interagency initiatives. For instance, finding the right level of specificity in the guidelines was
difficult because they were devised to be applied broadly, yet were meant to guide specific actions
across diverse sectors and locations. Diverse contexts also resulted in diverse interpretations and metrics
for resilience, which made it difficult to know whether the guidelines were being followed and whether the
intended progress was being made. Most federal participants expressed a strong desire for a more stream-
lined approach to prioritizing the myriad guidance, executive orders, frameworks and plans related to
resilience. In other words, there was too much generic guidance, which hampered investment decisions.
More specifically, the following barriers to implementation were commonly voiced:

• Adjacent communities would opt for structural and non-structural solutions, compromising the robust-
ness and reliability of the overall plan.

• There were many diverse interpretations of resilience, which hampered the search for viable solutions.
Resilience could mean anything from readiness, preparedness, speed of recovery, to economic, social

J. Delli Priscoli and E. Stakhiv / Water Policy 17 (2015) 58–88 81



or environmental resilience. Hence, there was no meaningful way of measuring system performance,
after all desired solutions were implemented.

• Interpreting technical information and risk evaluation procedures was a distinct barrier. Federal regulatory
agencies were particularly critical of certain solutions and the rationale used to justify certain measures.

• Numerous regulatory requirements and criteria varied considerably, and were not aligned with the
resilience principles. The same problem existed with a range of grant programs (e.g. Small Business
Bureau, HUD Community Block Development Grants, etc.).

5. Overall lessons learned from the three recent mega-disasters

(a) DRR comprises a special category of flood management, as it connotes extremely large events, with
catastrophic human consequences and national level economic impacts. Hence, normal flood con-
trol and FPM measures, while necessary precursors for DRR are not sufficient to deal with low
probability-high consequence events that overwhelm the capabilities of local entities to deal with
large-scale disasters. Conceptually, federal systems should be able to deal effectively with such
events, but a series of recent disastrous floods and storm surges in the USA has exposed some
of the weaknesses in the response of federally-based disaster management systems.

(b) Simply put, there are ‘many cooks’ involved in disaster planning, response and execution in the
USA, with mixed lines of authority for execution. Even though the USA has vast resources and
organizational capacities to plan for and respond to such large-scale emergencies, the federal
system of governance has become complex, with multiple layers of authority and responsibility,
making effective coordination before, during and after such events difficult.

(c) As mega-cities grow rapidly in the low-lying coastal areas in the USA, they will become ever-more vul-
nerable to large-scale events mainly because of the inability to control haphazard land use development.
US federal regulations, restrictions and incentives have been inadequate to deal with large urban centers
that already exist, such as New York, New Orleans, Los Angeles or Miami. (These problems will be
magnified by the sprawling growth of such cities as Dhaka, Manila, Lagos or Jakarta.)

(d) Centralized, coordinated and strategically engineered solutions, such as those undertaken by the
Dutch for their coastal protection system, is what is often required for problems of the scale of
DRR. The system in the USA that comes closest to such coordinated planning and implementation
is the MRT collection of projects built over a century. This includes the Missouri River, Ohio River
and Illinois River system of reservoirs, navigation locks and flood control levees. This system of
flood control storage and levees protects numerous downstream urban areas, such as St. Louis,
Memphis and New Orleans from catastrophic upstream floods.

There aremany other insights and observations that can be drawn from an examination of theway inwhich
the US federal system has evolved in dealing with large-scale DRR simply by examining and comparing the
responses of three recent disasters. Someof these insights, or ‘lessons learned’, can be categorized as follows.

6. International lessons

(a) Within the next generation, more than 70% of the global population will be living in vulnerable
coastal areas and the large floodplains of numerous rivers. Most of the populace living in these
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mega-cities will become much more susceptible to comparable consequences that these three events
have shown can happen, even in a fairly well-prepared nation with adequate resources.

(b) One of the lessons learned in recent US cases of water-related disasters (and often missed in the
literature) is that the preventative solutions to large-scale disasters, of the magnitude of Katrina
or Superstorm Sandy, are difficult when approached piecemeal. They require comprehensive sol-
utions of a scale that often can only be implemented at a coordinated federal level.

(c) These three events, for different reasons, taught us that we must better plan for prevention in the
growing mega-cities around the globe and not just view them in terms of humanitarian post-disaster
responses alone. Planning for disaster prevention is a key strategic decision that requires serious
coordinated planning and execution.

(d) These cases, as well as past events, demonstrate that the relationships between managing uncertain-
ties of extreme water events, economic development and social well-being are critical.

(e) The events are an important affirmation of one of the key findings of the United Nations Secretary
General’s High Level Experts and Leaders Panel (HELP) on Water and Disasters. Expenditures for
disaster prevention are actually investments in development and growth.

(f) In each of these events, damages as a percentage of GDP have remained small in places with risk
reduction management. This means the events, as large as they were, could be managed in ways that
enabled the socio/economic systems to function – something critical to social stability.

(g) Climate change is likely to increase the magnitude and variability of extreme events. Mega-cities
will require more infrastructure investment to protect against such events, together with more
restrictive land-use controls and zoning to avoid increases in damages.

7. US national lessons

(a) The evolution of the US federal system over the past century has led to greater fragmentation of
planning and decision making, resulting in numerous entities, often with different legally delineated
objectives, fulfilling their respective responsibilities as part of a comprehensive DRR plan. This
fragmentation of authorities and solutions leads to ‘brittle solutions’ that are only as sound as
the weakest link (e.g. Hurricane Katrina).

(b) Historically, US federal water management agencies were able to plan, design and manage large com-
prehensive systems, which generally performed well, even under extreme catastrophic flood
conditions that exceeded the design flood conditions. Contemporary federalism has led to more dis-
persed decision-making authorities and accountabilities of numerous agencies for flood fighting
operations, responses and post-flood recovery. It is difficult for enhanced coordination to overcome
the decision and policy discontinuities inherent in the numerous layers of governmental responsibility
inherent in a federal system. Consequently, the USA is experimenting with new forms of partnerships.

(c) The US Congress, which represents local constituents, is more likely to favor and fund proven,
reliable structural solutions. This often sets up a dichotomy between the federal agencies which
advocate and operate under non-structural principles of FPM as part of a sustainable development
strategy, and Congress, which wants to ensure the safety of its citizens and is focused more on
reliability of solutions rather than ‘resilient communities’ with relatively high degrees of unquanti-
fied levels of ‘residual risk’.
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(d) Along the Atlantic coast, there was significantly less damage and social disruption from Superstorm
Sandy around those areas with existing hurricane shore protection projects. Therefore, USACE has
been authorized by Congress to return authorized Hurricane Storm damage reduction projects in nine
states along the Atlantic coast to pre-Superstorm Sandy conditions, and repair damages at USACE oper-
ating projects and facilities due to Sandy. This work is furthest along of the federal reconstruction efforts.

8. Technical lessons

(a) The best-performing system in recent US cases was the MR&T during the 2011 floods. The system was
planned, designed and built over a century, and managed by a single agency – the Corps of Engineers,
which was responsible for the project performance during the flood andwas accountable for its decisions
and failures. Thismodel is unlikely to be replicated in theUSA.However, itmay be an option in other less
developed nations, which are at the same stage of history and development as the USAwas in the 1950s.

(b) Large-scale disasters require comprehensive and well-coordinated management plans, with consist-
ent decision rules and performance criteria. New risk-based decision making is complex, and may
be placing an unreasonable burden on the public and local officials to sort through and tradeoff var-
ious options – each with different degrees of uncertainty and outcomes.

(c) Quantifying risk and uncertainty is at the center of DRR approaches to increasing resiliency, and
herein lays a core dilemma. Engineering design standards already incorporate a socially determined
‘acceptable’ level of social risk tolerance, and they have the virtue of being uniformly applied. Risk-
based decision making at the local level is often neither replicable nor uniform. It is not at all clear
whether a collection of loosely connected local solutions, with varying degrees of largely unknow-
able residual risk and uncertainty, can guarantee either robustness or resilience.

(d) Residual risk is almost always underestimated because it is difficult to quantify a cascading series of
highly interdependent measures, each of which has its own reliability characteristics and risk of failure.
Mostly, though, a flood protection system is a collection of fragmented measures, including new build-
ing codes, zoning ordinances and structural measures that are implemented over a long period of time
and loosely coordinated by multiple authorities. This comprises the definition of a ‘brittle system’.

(e) Storm surge barriers were actually planned but never implemented in New Orleans and NYC in the
mid-1970s; today a barrier has been built in Louisiana and talk of such has been renewed in NYC.
Conversely, the 2011 Mississippi flood of record showed us how well plans can bear benefits
almost 80 years after their implementation.

(f) Because people bear the risks, their involvement in choosing risk and participation in the tough
operational decisions made during the process of planning for mitigation of potential events is criti-
cal to the health of a democratic system. But this is not easy; leaders are awakened during disasters
but quickly forget once disasters subside. Communication of and participation in choosing accep-
table risk was mixed with Katrina; it was clear, truthful and transparent in the recent Mississippi
floods, but seemed rarely discussed in the case of Sandy.

(g) Rather than being defined purely by engineering solutions, we now understand that all stakeholders
contribute to risk reduction through a variety of structural and non-structural measures. This means
we must include zoning, building codes, outreach, evacuation plans, warning, insurance and design
of structures in risk reduction strategies.
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(h) Multiple defenses are critical. This means creating packages of natural and human processes such as
evacuation routes, elevated and flood-proofed buildings, pumping stations, levees, flood gates,
highways, natural ridges, wetland nourishment, barrier islands, outer shelf activities and compart-
mentalization of polder areas.

(i) Relief, response and prevention must be integrated in an holistic system of risk management, where
citizens actively participate.

(j) In each of these cases, important forensic and decision analysis studies have been initiated. This is criti-
cal as they are important in defining the events and responses in technical terms, as much as possible.

(k) Institutional arrangements are necessary for disaster planning, risk reduction and reaction to disas-
ters. Institutional arrangements depend on the political systems and cultures within which they
work. The US example is a federal system where many levels of authority coexist.

9. Conclusions

To a large extent, disasters and relief are now globalized phenomena, and we need to rethink how to
cooperate in prevention as well as reaction. Urban areas are growing rapidly, often with inadequate flood
and storm surge protection. Leaders must plan for prevention of disasters and not just count on huma-
nitarian responses to events. DRR is an important component of economic development, especially in
developing nations. Water related DRR programs should be more integrated and combine other uses of
water storage, such as supply, with flood defense measures. Integration, however, is becoming exceed-
ingly more difficult as fragmentation in decision making increases exponentially, especially in modern
federal systems, with multiple levels of responsibility. Also, ecosystem vitality must be integrated into
the solutions. Programs must view the integration of relief, response and prevention as holistic risk man-
agement – where citizens actively participate in choosing levels of acceptable risk.
Water related DRR is becoming exceedingly more complex. The USA has considerable technical

experience but is overcome by a proliferation of often conflicting policies that are implemented by
numerous regulatory agencies with veto power, though with little responsibility for the consequences
of their decisions. We have moved from fear, to control, to prevention, to management, and now to
working with the floods or disasters. Conventional flood-control strategies have worked well for thou-
sands of communities. DRR requires a higher level of coordinated planning and management to include
coordination of structural and non-structural approaches so as to work together. However, most impor-
tant is changing the behavior of both citizens and decision makers.
Flood management should be an important part of Integrated Water Resources Management (IWRM)

and optimal use of water. However, it brings additional complexity. It links land to water and upstream
to downstream. Flood management or control is a public good and offers additional revenue sources for
IWRM projects. It can also help bring riparians to negotiate around benefits versus allocating flows.

References

American Society of Civil Engineers (ASCE) (2007). The New Orleans Hurricane Protection System, What Went Wrong and
Why, A report by the American Society of Civil Engineers Hurricane Katrina External Review Panel. ASCE, Reston,
Virginia. www.pubs.asce.org.

J. Delli Priscoli and E. Stakhiv / Water Policy 17 (2015) 58–88 85



Arnold, J. L. (1988). The Evolution of the 1936 Flood Control Act. Office of History, US Army Corps of Engineers, Fort
Belvoir, Virginia.

Association of State Floodplain Managers (ASFPM) (2004). No Adverse Impact Floodplain Management – Community Case
Studies 2004. ASFPM Foundation, Madison, WI. 72 pp.

Billington, D. P., Jackson, D. C. & Melosi, M. V. (2005). The History of Large Dams: Planning, Design and Construction. US
Dept of Interior, Bureau of Reclamation, Denver, CO.

Burby, R. J., Bollens, S. J., Kaiser, E. J., Mullan, D. & Sheaffer, J. R. (1988). Cities Under Water: A Comparative Evaluation of
Ten Cities’ Efforts to Manage Floodplain Land Use. Boulder: Monograph #47. Institute of Behavioral Science, University of
Colorado, Boulder.

Burton, M. L. & Hicks, M. J. (2005). Hurricane Katrina: Preliminary Estimates of Commercial and Public Sector Damages.
Center for Business and Economic Research, Marshall University, WV, USA, 12 pp.

Finucane, M. L., Clancy, N., Willis, H. H. & Knopman, D. (2014). An Initial Assessment of Federal Agencies’ Implementation
of the Hurricane Sandy Rebuilding Task Force’s Infrastructure Resilience Guidelines. RR-841-DHS Prepared for
US Department of Homeland Security, Office of Infrastructure Protection. RAND Corp Homeland Security and Defense
Center.

Hessler, W. L. (2000). The Nation’s Response to Flood Disasters: A Historical Account. Association of State Floodplain
Managers, Inc., Madison, WI. www.asfm@floods.org or www.floods.org.

Holliday,W., Floyd, J. &Chao, P. (1998). Impediments to Evaluation andDevelopment of Non-structural FloodDamage Reduction
Measures. Institute for Water Resources, US Army Corps of Engineers, Casey Building, Ft. Belvoir, Alexandria, Virginia.

Holmes, B. (1972). A History of Federal Water Resources Program 1800–1960. US Department of Agriculture, Economic
Research Service, Washington, DC, USA.

Kenney, D. (1997). Resource Management at the Watershed Level: An Assessment of the Changing Federal Role in the
Emerging Era of Community-Based Watershed Management. Report to the Western Water Policy Review Advisory
Commission. Natural Resources Law Center, University of Colorado School of Law Boulder, Colorado, 60.

Maass, A. (1951). Muddy Waters – The US Army Engineers and the Nation’s Waters. Harvard Uni. Press, Cambridge, MA.
Maass, A., Hufschmidt, M., Dorfman, R., Thomas, H. A., Marglin, S. A. & Fair, G. M. (1962). Design of Water Resources

Systems. Harvard Uni. Press, Cambridge, MA.
Milly, P. C. D., Wetherald, R. T., Dunne, K. A. & Delworth, T. L. (2002). Increasing risk of great floods in a changing climate.

Nature 415, 514–517. doi: 10.1038/415514a.
Mohleji, S. & Pielke Jr, R. (2008). Losses from Weather Events: 1980–2008. doi: 10.1061/(ASCE)NH.1527-6996.0000141.

Natural Hazards Review 15. American Society of Civil Engineers
Pielke Jr, R. A., Gratz, J., Landsea, C. W., Collins, D., Saunders, M. & Musulin, R. (2008). Normalized hurricane damage in

the United States: 1900–2005. Natural Hazards Review 10.1061/(ASCE)1527-6988 (2008)9:1(29), 29–42.
Pielke Jr, R. A. & Landsea, C. W. (1998). Normalized hurricane damages in the United States: 1925–1995. Weather and Fore-

casting 13: 621–631.
Rosen, H. & Reuss, M. (eds) (1988). The Flood Control Challenge: Past, Present and Future. The Public Works Historical

Society, Washington, DC, USA.
Shabman, L. (1988). The Benefits and Costs of Flood Control: Reflections on the Flood Control Act of 1936. In: The Flood

Control Challenge: Past, Present and Future. Rosen, H. & Reuss, M. (eds). Public Works Historical Society.
Stakhiv, E. (2011). Pragmatic approaches for water management under climate change uncertainty. JAWRA 47 (6), 1183–1196.

doi: 10.1111/j.1752-1688.2011.00589.x.
Stakhiv, E. & Major, D. (1997). Ecosystem Evaluation, Climate Change and Water Resources Planning. In: Frederick, K.,

Major, D. & Stakhiv, D. (eds), Climate Change and Water Resources Planning Criteria. Kluwer Academic Publishers,
Dordrecht, pp. 103–118.

Stern, P. & Feinberg, H. (eds) (1996). Understanding Risk: Informing Decisions in a Democratic Society. National Research
Council, Committee on Risk Characterization, National Academy Press, Washington, DC, USA.

United States Army Corps of Engineers (USACE) (2000). Planning Guidance. ER 1105-2-100. US Government Printing
Office, Washington, DC, USA, 22 April 2000.

United States Army Corps of Engineers (USACE) (2014). North Atlantic coast comprehensive study: resilient adaptation to
increasing risk. Main Report; Final Report November, 2014. USACE North Atlantic Division.

J. Delli Priscoli and E. Stakhiv / Water Policy 17 (2015) 58–8886



United States Army Corps of Engineers, Institute for Water Resources (USACE, IWR) (2008). Decision Making Chronology
for the Lake Pontchartrain & Vicinity Hurricane Protection Project. Institute for Water Resources, US Army Corps of
Engineers, Ft Belvoir, Virginia. http://library.water-esources.us/docs/hpdc/hpdc.cfm (Revised 10 October 2008).

United States Army Corps of Engineers (USACE), Mississippi Valley Division (MVD) (2008). Designing the Project Flood.
http://www.mvd.usace.army.mil/Portals/52/docs/Designing%20the%20Project%20Flood%20info%20paper.pdf.

United States Army Corps of Engineers (USACE), Mississippi Valley Division (MVD) (2012). Post 2011 flood report. http://
www.mvd.usace.army.mil/Missions/FloodRiskManagement/RegionalFloodRiskManagementProgram/MRTPostFloodReport.
aspx.

United States Army Corps of Engineers (USACE), Mississippi Valley Division (MVD) (2014). Mississippi River and Tributary Pro-
ject. http://www.mvd.usace.army.mil/About/MississippiRiverCommission(MRC)/MississippiRiverTributariesProject(MRT).aspx.

United States Congressional Research Service (CRS), Congressional Budget Office (CBO) (2008). Infrastructure Spending
Supplemental Tables. CBO, Washington, DC, USA. http://www.cbo.gov/doc.cfm?index=9135.

United States Congressional Research Service (CRS) (2013). Analysis of the Sandy recovery improvement act of 2013, CRS
Report for Congress, 11 March 2013. CRS, Washington, DC, USA.

United States Congressional Research Service (CRS) (2014). Achieving Disaster Resilience in US. Communities: Executive
Branch, Congressional and Private Sector Efforts. Stephanie Sanok Kostro and Garrett Riba. CRS, Washington, DC, USA.

United States Council on Environmental Quality (CEQ) (2014). Updated Principles and Guidelines for Water and Land
Related Resources Implementation Studies. CEQ, Washington, DC, USA. http://www.whitehouse.gov/administration/eop/
ceq/initiatives/PandG.

United States Federal Emergency Management Agency (FEMA) (2000). National Flood Insurance Program. FEMA,
Washington, DC, USA. www.fema.gov/nfip/qanda.htm.

United States Federal Emergency Management Agency (FEMA) (2014). A Unified National Program for Floodplain Manage-
ment. FEMA, Washington, DC, USA. https://www.fema.gov/media-library/assets/documents/18472.

United States Federal Interagency Floodplain Management Task Force (1992). Floodplain Management in the United States:
An Assessment Report, FIA-18. Federal Emergency Management Agency, Washington, DC, USA.

United States Federal Interagency Management Task Force (1994). A Unified National Program for Floodplain Management
1994. Federal Emergency Management Agency, Washington, DC, USA.

United States Federal Task Force on Flood Control Policy (1966). A Unified National Program for Managing Flood Losses. In:
House Document No. 465: 89th Congress, 2nd session, committee on Public Works, US Government Printing Office,
Washington, DC, USA.

United States Government, General Accounting Office (GAO) (2014). Emergency transportation relief: agencies could
improve collaboration begun during Hurricane Sandy response. Report to the Chairman, Subcommittee on Transportation,
Housing and Urban Development, and Related Agencies, Committee on Appropriations, House of Representatives,
Washington, DC, USA. GAO-14-512.

United States Interagency Floodplain Management Review Committee (1994). Report to the President. In: Sharing the
Challenge: Floodplain Management into the 21st Century, Washington, DC, USA. June 1994.

United States Interagency Performance Evaluation Task Force (IPET) (2009). Performance of the New Orleans and Southeast
Louisiana Hurricane Protection System final Report of the Interagency Performance Evaluation Task Forces. USACE,
Washington DC, USA. http://biotech.law.lsu.edu/katrina/ipet/Volume%20I%20FINAL%2023Jun09%20mh.pdf.

United States National Climate Assessment (2014). Climate Change Impacts in the United States. National Climate Assess-
ment, US Global Change Research Program, Washington, DC, USA.

United States, NOAA & USACE (2013). Infrastructure Systems Rebuilding Principles. 28 February 2013. http://coast.noaa.
gov/digitalcoast/sites/default/files/files/publications/04062013/InfrastructureSystemsRebuildingPrinciples.pdfLC.

United States Office of Management and Budget (1998). Federal Programs Offering Non-Structural Flood Recovery and
Floodplain Management Alternatives. Executive Office of the President, Washington, DC, USA.

United States Water Resources Council (1973). Principles and Standards for Planning Water and Related Land Resources. Fed-
eral Register 38 (174): 24788. Washington, DC, USA.

United States Water Resources Council (1976). A Unified National Program for Floodplain Management. Government Print-
ing Office, Washington, DC, USA.

United States Water Resources Council (1983). Economic and Environmental Principles and Guidelines for Water and Related
Land Resources for Implementation Studies. Government Printing Office, Washington, DC, USA.

J. Delli Priscoli and E. Stakhiv / Water Policy 17 (2015) 58–88 87



Weiner, J. (1996). The Socioeconomic Aspects of Flooding in the US. Natural Hazards Research and Application Information
Center, University of Colorado, Boulder, www.colorado.edu/hazards/tb19.html.

White, G. (1945). Human Adjustment to Floods: A Geographical Approach to the Flood Problem in the US. Research Paper
No. 29, University of Chicago, Chicago, Illinois.

White, G. (1969). Strategies of American Water Management. U. Michigan Press, Ann Arbor.

J. Delli Priscoli and E. Stakhiv / Water Policy 17 (2015) 58–8888



A tale of three cities: water disaster policy responses in Bangkok,
Kuala Lumpur and Metro Manila

Keizrul Abdullaha, Apichart Anukularmphaib, Tadashige Kawasakic

and Dolora Nepomucenod
aCorresponding author. Network of Asian River Basin Organizations (NARBO), Department of Irrigation and Drainage,

Kuala Lumpur, Malaysia. E-mail: keizrul@gmail.com
bNARBO and Water and Flood Management Commission, Bangkok, Thailand

cNARBO, Japan Water Agency, Saitama City, Japan
dNARBO, Laguna Lake Development Authority, Manila, Philippines

Abstract

Floods and typhoons are two of the greatest water disasters affecting South East Asia, causing misery and death to
people, damaging properties, infrastructure and crops, and causing disruption to commerce and industry. In many
cases the impact can be widespread, affecting not only individual households but also large parts of a country includ-
ing agriculture areas, towns and cities, and sometimes even beyond national borders. The rapid pace of development
has resulted in a disproportionate increase in runoff and a many-fold increase in river discharges leading to more
frequent and more intense flooding. This situation is expected to be further aggravated due to the impact of
global warming and climate change. To cope with such challenges, countries in South East Asia are developing
their policy responses tailored to suit their local conditions and environment. This paper looks at the water disaster
situation and the policy responses in three cities in South East Asia: Bangkok, Kuala Lumpur and Metro Manila, the
capital cities of the Kingdom of Thailand, the Federation of Malaysia and the Republic of the Philippines, respect-
ively. Although all three countries are in the same climatic zone, due to their geographical locations, water disasters
impact differently on them and the remedial measures also differ.

Keywords: Policy response; South East Asia; Water disaster

1. Introduction

Floods and typhoons are two of the greatest natural disasters affecting mankind, causing misery and
death to people, damaging properties, infrastructure and crops, and causing disruption to commerce and
industry. In many cases the impacts can be widespread, affecting not only individual households but
also large parts of a country including agriculture areas, towns and cities, and sometimes even
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beyond national borders. As an example, the Great Flood of Bangkok in 2011 affected the global supply
chains for automobiles and computer hard disks. Floods are also a threat to a country or region achieving
its full economic development potential, as investors are deterred from venturing into flood-prone areas.
The rapid pace of development in the ASEAN1 region has resulted in a disproportionate increase in

runoff (that portion of rain that flows overland to a river) and a halving of the time of concentration
(the time it takes for the runoff to reach the river). The consequence of this is a many-fold increase in
river discharge leading to more frequent and more intense flooding (Figure 1). This situation is expected
to be further aggravated due to the impact of global warming and climate change. The Intergovernmental
Panel on Climate Change (IPCC) has assessed that there will be possible intensification of the hydrological
cycle on a global basis, leading to increased frequencies and intensities of extreme weather events, i.e.
floods and droughts will occur more frequently and will be larger and more intense and last longer. In
the words of the UN Secretary General, Ban Ki-Moon, ‘The abnormal is the new normal.’
The traditional engineering approach to managing floods has been to try to ‘control’ the flood through struc-

tural measures. These have included the construction of flood storage dams and flood attenuation ponds, the
deepening and widening of rivers to increase their capacities, and the protection of low-lying areas through
the provision of river levees. Such an approach tends to be problem driven, where projects are implemented
to reduce the risk of flooding in an area without giving much consideration to the impact of the projects on
upstream or downstream areas. In many cases, such piecemeal solutions end up transferring the flood problem
to another area.

Fig. 1. A three-fold increase in themean annual floodofKlangRiver as a result of development of the upper catchment (Abdullah, 2006).

1 Association of South East Asia Nations.
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In recent years, flood engineers have modified the approach to ‘mitigate’ (reduce the impact) rather
than attempting to ‘control’ floods. This approach involves a combination of structural and non-struc-
tural measures. Non-structural or ‘soft’ measures include flood zoning, flood forecasting and warning,
flood risk mapping and flood insurance. However, such measures have proven to be inadequate as flood
mitigation works have been unable to keep pace with the rapidly increasing flood volumes arising from
development and urbanization.
The challenge now is to focus on ‘adaptation’ (adjusting to changing situations), i.e. flood solutions

have to be innovative, flexible and adaptable to changing situations. At the same time the solutions have
to be viewed at a macro level and in the context of a river basin, so as to promote a holistic and inte-
grated approach rather than being localized and fragmented. Such an approach integrates land and water
resources development in a river basin and aims at maximizing the benefits to society while minimizing
the damage from flooding.

2. Three cities, one region

The Association of South East Asian Nations (ASEAN) is a political and economic grouping of 10
countries located in Southeast Asia, and was formed on 8 August 1967 by Indonesia, Malaysia, the
Philippines, Singapore and Thailand. Since then, membership has expanded to include Brunei, Cambodia,
Laos, Myanmar and Vietnam (Figure 2). Its objectives include accelerating economic growth, social
progress, socio-cultural evolution among its members, protection of regional peace and stability, and
opportunities for member countries to discuss differences peacefully.

Fig. 2. The 10 countries of ASEAN (see http://www.asean.org/).
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ASEAN covers a land area of 4.46 million km2, which is 3% of the total land area of the Earth, and
has a population of approximately 600 million people, which is 8.8% of the world’s population. In 2012,
its combined nominal gross domestic product (GDP) had grown to more than US$2.3 trillion, which if
ASEAN was a single entity, would rank it as the sixth largest economy in the world.
Bangkok, Kuala Lumpur and Metro Manila are the capital cities of Thailand, Malaysia and the Philip-

pines, respectively. The city of Bangkok is located in the estuary of the Chao Phraya River which flows
372 km through the central plains of Thailand into the Gulf of Thailand, draining an area of 160,400 km2.
The city of Kuala Lumpur was founded in the late 19th century as a tin mining settlement and is situated in
the middle reach of the Klang River which originates from the central mountain range at an elevation of
1,330 m and traverses a distance of nearly 120 km before discharging into the Straits of Malacca, draining
a catchment of about 1,288km2. Both cities suffer from flooding due to overflow of the Chao Phraya and
the Klang rivers, respectively. Metro Manila which is located on the island of Luzon, sits astride the
typhoon belt and experiences heavy torrential rains during the typhoon season from July to October.

3. Policy response to water disasters

Climate-wise, ASEAN lies in the humid tropics, defined as a zone located between latitude 23.5°
north and 23.5° south and having monthly precipitation exceeding 100 mm per month for at least 4½
months. In fact, most of ASEAN lies in the monsoonal humid tropics, where more than half the year
is wet and the annual rainfall ranges from 1,500 to 5,000 mm. As a result, floods are common
during the monsoonal wet months.

3.1. Policy response – Bangkok

Bangkok is located in the estuary of the Chao Phraya River. The Chao Phraya begins at the conflu-
ence of the Ping and Nan rivers and flows south for 372 km from the central plains to Bangkok and into
the Gulf of Thailand, draining an area of 160,400 km2. In the past, floods were a common occurrence
especially during the monsoon season between May and October.
The policy response to deal with the floods was very much structural (or engineering) based, i.e. to

store the flood waters upstream and release them for use during the dry season. As part of the flood
management plan, three large dams were constructed: the King Bhumibol Dam (1964), the Queen
Sirikit Dam (1972) and the Pasak Chonlasit Dam (1998). On completion, the three dams provided suf-
ficient storage capacity to substantially reduce flooding in the central plain and the city of Bangkok.
With the floods considered under ‘control’, less attention was given to improving the capacity of the
Chao Phraya River downstream. In addition, many drainage channels in the city were deemed superflu-
ous and converted into roads.
The monsoon of 2011 was unusually wet with accumulated precipitation exceeding the historical

average by more than two-fold in some areas. The situation was further exacerbated by four tropical
storms and one typhoon that hit the north and northeast late in the rainy season when normally there
would be only two to three tropical storms. This resulted in the total amount of rainfall in the upper
Chao Phraya River Basin being 30–60% higher than average. Consequently, the water levels in
the three reservoirs not only reached historical highs but peaked some 2 months early, resulting in
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the need to release the excess flood waters downstream. This huge volume of water created a flood wave
downstream which lasted for over 2 months.
The weakness in the flood management plan was that it could not cope with the very extreme series of

hydrological events that occurred, and when the storage capacities of the three dams were exceeded,
there was no back-up plan downstream. In the light of the IPCC’s assessment that there will be possible
intensification of the hydrological cycle leading to increased frequencies and intensities of extreme
weather events, the ‘abnormal’ flood of 2011 may become the new ‘normal’ in the future.
Subsequent to the 2011 floods, the policy response of the Thai government has been to focus on three

areas: infrastructure, management and climate change. In the area of water infrastructure, existing design
concepts and criteria are being reviewed and upgraded, while the government has begun a huge pro-
gramme estimated to cost around 100 billion2 bahts to repair, rehabilitate and upgrade the flood
infrastructure. In terms of management, nature can no longer be taken for granted and ‘business as
usual’ is no longer tenable. The planning process will now consider the entire spectrum of upstream
to downstream factors and include consultations with all stakeholders to produce an over-arching
flood and water management plan that mitigates, as far as possible, a recurrence of the 2011 catastrophic
flooding.
To cope with changing climatic conditions, Thailand is looking to develop technologies in predicting/

forecasting weather more precisely so that there will be sufficient time to take preventive and protective
measures, and provide early warning to the population. For the long-term, people will have to learn to
live under extreme hydrological events and adjust by building resilience capabilities in their commu-
nities and infrastructure.

3.2. Policy response – Kuala Lumpur

Kuala Lumpur is situated at the confluence of two tributaries of the Klang River and has, from the
earliest days, been subjected to flooding, with the 1926 flood being the worst ever recorded. The
Klang River is small by global standards, having a length of 120 km and a catchment area of only
1,288 km2. The river’s headwaters comprise mountainous and steep terrain and, coupled with the
intense level of precipitation, this results in large volumes of storm runoff even from small sub-catch-
ments, which often leads to the river systems in the localized areas being completely overloaded. This
causes what is termed as ‘flash’ flooding which is quick to manifest and equally swift to subside. This
form of flooding is frequently experienced and can occur several times in a year. In addition, as a result
of the extensive urbanization of the catchment up to the hill slopes, the severity and frequency of floods
have increased over the years.
In the early days, the policy response was to ‘control’ floods through structural (engineering)

measures, and a programme to channelize and dredge the river system was undertaken. However,
from the 1970s, as Kuala Lumpur continued to transform into the ultra-modern metropolis it is today
and as development kept changing the face of the city, the existing infrastructures came regularly
under pressure to cope with flood flows beyond their design limits. This urbanization of the catchments
in and around the city has resulted in flood runoffs increasing many fold, bringing with it challenges for
the flood planners to come up with more innovative solutions.

2 Billion¼ 109.
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One such solution was to construct a flood bypass to divert the flood flows away from the city centre.
However, the topography of the land was such that a bypass alignment would cut through high ground
as well as areas which were densely built-up, making the use of an open channel (open cut) prohibitive
in terms of land acquisition and compensation costs. It was thus decided that the bypass should be a
tunnel as this was more competitive in terms of pricing and would offer the least disturbance during
construction. At the same time, it was realized that a flood bypass tunnel would be in use infrequently
and hence by incorporating a road into the flood tunnel, value could be added to the project by intro-
ducing an additional function of helping to reduce the traffic congestion at the southern gateway of the
city into the city centre.
The resulting Stormwater Management and Road Tunnel (SMART) project is the first project in

Malaysia (and possibly in the world) to combine two contradicting uses in one tunnel, i.e. to pass
flood waters and traffic through the same tunnel, albeit at different points in time. It was also
funded through a new financing mechanism whereby the costs were shared between the government
and the private sector, with public funds paying for the flood component and the private sector fund-
ing the motorway component. The private sector was given a concession to recover costs by charging
a toll on motorway users and, in the process, help to defray public costs in operation and
maintenance.

3.3. Policy response – Metro Manila

Sitting astride the typhoon belt and having a long coastline of 36,289 km, the Philippines archipelago
is particularly vulnerable to tropical storms and typhoons. On average, up to 20 tropical storms enter
Filipino waters annually, with about half of them making landfall. The most frequently impacted
areas are Luzon Island and the eastern Visayas. The capital, Metro Manila, is situated on the island
of Luzon and is ranked by the USA as the third most vulnerable metropolitan area on earth with the
second most number of people at risk.
To some extent, Metro Manila is fortunate because of its geographical positioning whereby the

rugged terrain surrounding the city has, in the past, effectively served as a windbreak. Two previous
typhoons with wind speeds of more than 110 knots (200 km/h) fell to 75 knots (140 km/h) by the
time they reached the city.
Typhoons bring heavy rainfall which, when combined with the strong winds and storm surges, can

cause large-scale flooding and result in enormous destruction and loss of life. In the face of such daunt-
ing factors, it would be prohibitively costly to invest in the necessary defensive infrastructure to protect
Metro Manila from typhoons. Instead, the policy response has been to focus on improving disaster pre-
paredness and management.
Unfortunately, so far, city officials have shown a disheartening inability to cope with such disasters.

In 2012, torrential rains hovered over the city for 8 days, causing citywide flooding, leaving 63 people
dead and nearly 84,500 homes destroyed completely. Despite the fact that the storm hit the centre of
government, it was weeks before the city could recover from the damage and destruction.
In the aftermath of Super Typhoon Haiyan, funding for disaster preparedness and management was

increased by nearly 100 billion Pesos, or about 5% of the total national budget. However, while a por-
tion has been spent wisely on more proactive and innovative disaster mitigation programmes such as
hazard mapping, the bulk of the funds is earmarked for cleaning up, repairs and rehabilitation of the
damage from Haiyan.
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4. Case studies

4.1. The 2011 flood: Thailand’s worst flood

4.1.1. Introduction. The Kingdom of Thailand is a country at the centre of the Indochina peninsula. It
is bordered to the west by Myanmar, to the east by Cambodia and Laos, and to the south by Malaysia.
Located in the humid tropics, Thailand has a total land area of approximately 513,000 km2 and a popu-
lation of around 65 million people. The capital and largest city is Bangkok, which is Thailand’s
political, commercial, industrial and cultural hub. Over the past three decades, Thailand has experienced
rapid economic growth and is now considered as a newly industrialized country.
The average annual rainfall in Thailand ranges from a high of almost 4,000 mm in the south to a low

of 1,000 mm in the northern and central plains. The monsoon season takes place between May and
October and the heavy rainfall during this period is a result of low pressure cells, depression storms,
tropical storms and typhoons originating in the South China Sea and moving towards the Indochina
region.
In the Chao Phraya River Basin, the average annual rainfall ranges from 966 to 1,259 mm per year

(based on the past 30 years’ record). In 2011, the accumulated rainfall from January to November was
1,781 mm, which was approximately 30% higher than the average value. Table 1 gives the annual rain-
fall accumulation in Chao Phraya River Basin since 1978.

4.1.2. The 2011 floods. The 2011 floods were the worst to ever hit Thailand. The flooding of the cen-
tral plains of Thailand started in the month of June and progressed downwards towards Bangkok in the
following sequence of events. During the months of March and May, Thailand had experienced a heavy
monsoon season which was characterized by high rainfall. At the end of June, tropical storm Haima
brought heavy and widespread rainfall to the northern part of Thailand causing flash flooding in five
provinces including Chiang Rai, Phayao, Nan, Tak and Sukhothai.
In early August, tropical storm Nock-Ten hit the northern region bringing heavy rainfall to Nan,

Uttaradit, Phrae and Pitsanulok provinces. By mid-August, the floods had reached Nakhon Sawan Pro-
vince while the flooding situation remained critical in the provinces of Chiang Rai, Lamphun, Lampang,
Sukhothai, Pitchit, Phitsanulok, Kamphaeng Phet and Nakhon Sawan.
By early September, the floods had reached Sing Buri, Chainat and Lopburi. Two weeks later the

floods reached Ayutthaya. By early October, all of Ayutthaya province including Wat Chai Wattaha-
naram (a World Heritage site) was declared as a disaster area. The flood wave next reached
Nonthaburi, causing breaches in the Hitech Industrial Estate dyke. A week later, the flood waters
reached the Bangpa-In Industrial Estate and the Nava Nakhon Industrial Estate. On 25 October, the
flood waters reached Don Muang Airport and the Flood Relief Operation Centre (FROC) which had
to be evacuated and relocated to the Energy Centre. By early November, the flood waters had advanced

Table 1. Average annual rainfall in Chao Phraya River Basin since 1978 (in descending order of magnitude) (Source:
Anukularmphai, 2014).

Year 2011 1980 1995 1978 1983

Average annual rainfall (mm) 1,781 1,145 1,161 1,151 1,129
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to Lad Prao intersection, Lad Prao Road, Rama II Road and Ratchadapisek Road (near Bangkok’s
Ratchadapisek Metropolitan Rapid Transit (MRT) station).
Finally, on 17 November, the flood waters on Lad Prao Road, Ratchadapisek Road and near-by areas

began to recede and by 28 November, the Inner Bangkok area was back to normal, with businesses and
shopping malls reopened, except in the Lak Si, Don Muang, Phasi Chareon, Tawiwattana and Bangplad
areas. Figure 3 shows the flood wave at various points along the Chao Phraya River.
From Radarsat images captured in the Chao Phraya Basin, it can be seen that at the early stages of

flooding in July, the flooded areas were localized and scattered. Then, as flooding progressed towards
the end of September, most of the flood waters were concentrated in the upper and lower Chao Phraya.
Finally, it moved downwards as a huge mass of flood water towards Bangkok. It has been estimated that
about 15,260 million m3 of flood waters were accumulated above Bangkok in October. This huge
volume of water had to be drained into the Gulf of Thailand, mainly through the Chao Phraya River

Fig. 3. Water level record along Chao Phraya River (Anukularmphai, 2014).
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and its flood plain. The maximum combined outflow of the Chao Phraya river (300 million m3/day at
the estuary) and the estimated drainage system capacity located on both sides of Chao Phraya (200
million m3/day) was only 500 million m3/day, which was relatively small in comparison to the total
volume of flooded water. This was the basic reason why the flooding situation was prolonged for
months in some of the most severely flooded areas.
The main cause of the floods was an unusually wet monsoon exacerbated by four tropical storms (Haima

in June, Nock-Ten in August, Haitang in September and Nalkae in October) and one typhoon (Nasat in
September) that reached the north and northeast of Thailand late in the rainy season. These storm events
were unusual as normally there would be only two to three tropical storms per year. Preceding the
floods, Thailand had already experienced a monsoon season which was characterized by high rainfall
during the months of March and May, with accumulated precipitation exceeding the historical average
value by 277% and 45%, respectively. Coupled with the precipitation from the four storms and typhoon
Nasat, the total amount of rainfall in the upper Chao Phraya River Basin was 30–60% higher than the aver-
age (Figure 4). In the Bangkok area, the accumulated precipitation up to 1 December 2011 was 2,257.5 mm,
while in comparison, in the past 50 years, the highest precipitation level recorded was only 1,973.5 mm.
The floods of 2011 affected 65 of the 76 provinces, 684 districts, 4,920 tambon and 43,636 villages

and left heavy extensive damage along their path. In terms of population, 13,595,192 people from
4,086,138 households were affected, with 693 persons confirmed dead and 3 missing. The causes of
death were drowning (580 persons), electric shock (48 persons), washed away by the floods (26 per-
sons), boat sinking (23 persons) and others (16 persons). In an effort to cope with the flood-affected
population, 1,739 evacuation shelters and stations were opened.
The negative impact on agriculture was significant with some 12.61 million hectares of farm land

flooded. For the industrial sectors, 9,859 manufacturing plants with 600,000 factory workers were
affected, with the flood damage estimated at 800,000 million baht. At least seven industrial estates

Fig. 4. Accumulated rainfall and major storm events in Thailand in 2011 (Anukularmphai, 2014).
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were flooded, damaging 838 factories, affecting 382,693 factory workers and resulting in an estimated
flood related cost of 403,784 million baht. The floods’ impact on academic institutions such as schools
and universities was unprecedented with 3,088 schools disrupted and approximately 700,000 students
affected.
In terms of culture and tourism, 313 historical ancient monuments and sites were damaged. In Ayut-

thaya province, home to numerous world heritage sites, 130 locations were affected. The economic
losses for the tourism sector were estimated at 50,000 million baht, due to a 10% decline in tourist arri-
vals during and after the floods. The World Bank estimated the total economic damage at 1.4 trillion
baht (approximately US$44.5 billion), slashing economic growth by 2.4% and making the 2011 Thai-
land floods the world’s fourth costliest disaster, surpassed only by the 2011 earthquake and tsunami in
Japan, the 1995 Kobe earthquake and Hurricane Katrina in 2005.
In addition, the impact of the floods was felt beyond the national borders, causing disruption to the

global supply chain. Two particularly hard hit sectors were the automobile and computer manufacturing
industries. In the automobile industry, two of the world’s largest car manufacturers, Honda and Toyota,
had severe disruption to their manufacturing processes, not just in Thailand but worldwide, due to a lack
of parts. In the computer industry, Thailand was responsible for the manufacturing of about a quarter of
all hard disk drives produced for the global market and the flooding of the factories resulted in a global
supply shortage.

4.1.3. Policy response: pre-2011 floods. Being in the humid tropics, the need to deal with floods
especially during the wet monsoon season, has long been recognized in Thailand. The policy response
beginning in the 1950s was very much engineering biased, i.e. to construct three large dams: the King
Bhumibol, the Queen Sirikit and the Pasak Chonlasit, to store the flood waters and release them for use
during the dry season.
The Bhumibol Dam is a concrete arch-gravity dam on the Ping River, a main tributary of the Chao

Phraya River. The dam is 154 m high, 486 m long and 8 m wide at its crest, and has an active storage
capacity of 9,762 million m3. Construction began in 1958 and was finished in 1964 while the reservoir
was completely filled in 1970. Located about 480 km north of Bangkok, the dam was built for the pur-
poses of water supply and irrigation, hydroelectric power production, flood control, fisheries and
saltwater intrusion management, and was Thailand’s first multi-purpose dam project.
The Sirikit Dam, completed in 1972, is an embankment dam on the Nan River, the other main tribu-

tary of the Chao Phraya River. Built for the purpose of irrigation, flood control and hydroelectric power
production, the dam is 113.6 m high, 800 m long 12 m wide at the crest and 630 m wide at the base.
Covering a surface area of 259 km2, the dam reservoir has an active storage capacity of 6,666 million m3.
Together, the Bhumibol and Sirikit Dams control 22% of the Chao Phraya’s annual runoff and both
dams also help provide for the irrigation of 1,200,000 ha of farmland in the wet season and
480,000 ha in the dry season.
The Pasak Chonlasit Dam is a 36.5 m high and 4,860 m long earthfill embankment dam with an

impervious core, impounding the Parsak River. With a storage capacity of 785 million m3 at normal
water level, and a maximum capacity of 960 million m3, it is the biggest reservoir in Central Thailand.
Commissioned in 1998, the Pasak Chonlasit Dam project is one of Thailand’s major irrigation projects,
providing water to the plantations in the Pasak valley and the lower Chao Phraya valley. The dam also
helps to decrease the problems of water management in Bangkok by allowing more flood control, as the
Pasak River is one of the main sources of flooding in the Bangkok metropolitan area.
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Collectively, the three dams act together to prevent or reduce the flooding of the lower Chao Phraya
flood plain, including the city of Bangkok. Hence, the procedures and operations of the dams during the
raining season are of paramount importance for reducing the flood risk to Bangkok. Over the years, a set
of operation rule curves have been developed and prior to 2011, these rule curves managed to control
the peak inflows within the capacities of the dams. However, the heavy rainfall and the unusual rainfall
pattern of 2011 resulted in the dams reaching their maximum capacities some 2 months early, resulting
in the need to release the excess flood waters downstream. Figure 5 shows the situation for Bhumibol
Dam.

4.1.4. Policy response: during the 2011 floods. As the magnitude of the floods worsened, the govern-
ment set up a Centre for Emergency Management and mobilized flood monitoring and relief operations.
On 7 October 2011, a FROC was established to coordinate the delivery of aid. The FROC included all
Ministries, the Bangkok Metropolitan Administration, the Army and other government agencies. It was
led by the Minister of Justice who reported directly to the Prime Minister. The FROC administration con-
sisted of two units, an operation team under the Minister of Science and Technology, and a planning and
prevention team under the Minister of Transportation. After the FROC had successfully operated within
Bangkok, similar organizations were established at the local level, led by the Provincial Governor.
On 20 October 2011, the Prime Minister ordered measures for a designated disaster area, as

empowered under the Public Disaster Prevention and Mitigation Act (2007), for 21 provinces that

Fig. 5. Operation rule curve of Bhumibol Dam (Anukularmphai, 2014).
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were designated as disaster areas. On 25 November 2011, the government declared natural disaster
mitigation and relief areas representing 58 provinces and Bangkok. In all, eight committees were
established and charged with the various responsibilities for disaster relief and mitigation, as
indicated in Table 2.
In general, the government response during the floods could be characterized as somewhat adequate

though some of the actions and decisions were reactive rather than proactive. The authority and roles of
the numerous committees and working groups varied greatly due to timing, political forces and public
responses. A significant gap was the lack of system integration and unity of command, as the various
committees and working groups followed their traditional roles and responsibilities according to the
legal framework under normal circumstances or non-disaster operating environments.
External and internal public communication were observed to be seriously challenged, especially

when flood information requests became more complicated and increasingly area specific. Conflicting,
and at times misleading, flood information was a normal occurrence with various agencies offering tech-
nical information that was either inaccurate or simply not given in a timely fashion. Consequently, there
were several conflicts and incidents of protest in different forms including violence as the public took
matters into their own hands to handle the floods in the best possible way that they thought was correct.
Overall, a lack of awareness and preparedness for natural disasters such as floods appeared to be one

of the core challenges cutting across government, the private sector and civil society as a whole. As a
result of this general lack of public awareness, housing and businesses had encroached into the flood
plains at an unprecedented rate with little preparation or preventive thought for flooding or the effects
thereof.

Table 2. Establishment of committees and their responsibilities (Source: Anukularmphai, 2014).

Name of committee Responsibility
Date of
establishment

1. National committee on floods,
tropical storm and mudslides

Oversee and manage national disasters due to floods,
tropical storms and mudslides

25 August 2011

Preparedness, prevention, response and recovery of all the
major phases of disaster management

2. Twenty-five river basin national
joint-committee

Support national water management and flood warning
system

11 September 2011

3. Flood Relief Operation Centre
(FROC)

Oversee all flood management effort focussing on the lower
Chao Phraya plain

7 October 2011

4. Flood relief committee (structural,
economic, social subcommittee)

Assist the population affected by flood disaster 12 October 2011

5. Flood recovery and restoration
committee

Replacement of the flood recovery and restoration committee 4 November 2011
To coordinate the flood relief management for structural,

economic and industrial issues, and people’s livelihoods
and quality of life

6. Public communication committee To improve public information of flood disaster to people 4 November 2011
7. Strategic committee for

reconstruction and future
development

Prepare strategies for reconstruction and national future of
sustainable development

10 November 2011

8. Strategic committee for water
resources management

Manage water resources with principles of sustainability 10 November 2011

K. Abdullah et al. / Water Policy 17 (2015) 89–113100



4.1.5. Policy response: post 2011 floods. The flooding of the central plains of Thailand, including
Bangkok, began in late July 2011 and finally reached Bangkok in October 2011. Over this 3-month
period, the flood wave left heavy extensive damage along its path. While the flooding was massive
and the resultant disaster the worst in modern Thai history, the floods did provide an opportunity to
review, analyse and assess the planning, response and actions at various stages so that valuable lessons
could be learned for improving future flood prevention and water management for the country.
A major policy response is that flooding is no longer considered as just a natural occurrence, but one

which is closely linked to human activities and socio-economic developments to meet the food, energy
and infrastructure needs of an ever growing and demanding population. Unfortunately, in the haste to
develop, the infrastructure designs have sometimes overlooked the impact of natural water flow and
runoff, and their effects upon river and canal flows. One key observation of the 2011 floods was that
the drainage canal systems in the central plain of Thailand could not handle the huge volume of
flood waters. There is also greater recognition that many flood management infrastructures were
simply inadequate in their engineering design parameters, outdated construction practices, and lack
of regular operation and maintenance procedures towards flood protection. As a response, the govern-
ment has now begun a huge programme estimated to cost around 100 billion bahts (US$3.3 billion) to
repair, rehabilitate and upgrade the flood infrastructure.
In more general terms, the main causes for the recent floods were climate (namely rainfall), manage-

ment and infrastructure. Therefore, flood management will now focus on approaches to better address
these three main causes. Firstly, in the area of climate change, there is now greater awareness that
extreme hydrological events will become more frequent and the perceptions, practices and policies of
all concerned agencies, including decision makers and the decision-making cycle, should be reviewed
and reassessed. To cope with such changing climatic conditions, Thailand needs to develop technol-
ogies to predict/forecast more precisely and in advance, the occurrence of rain storms and typhoons,
and their intensities and expected impacts, so that there will be sufficient time to take preventive and
protective measures and provide early warning to the population.
Secondly, in terms of management, nature can no longer be taken for granted and ‘business as usual’

is no longer tenable. With flooding becoming an ever greater challenge and the economic and social
costs mounting, it is imperative that sound and timely flood management planning be undertaken.
The planning process should consider the entire spectrum of upstream to downstream factors and
include consultations with all stakeholders who are affected by flooding, with a view to preparing an
over-arching flood and water management plan that mitigates, as far as possible, catastrophic flooding
such as that witnessed in 2011. Moreover, it is essential that any plan strikes a balance between hard and
soft engineering, and also recognizes the critical role that economic and urbanization influences will
contribute to flood discharges, and the measures that the government should take to manage in a respon-
sive way.
A policy response being considered is to pay greater attention to land use and watershed management.

For decades, the rural population in remote areas have engaged in deforestation activities both for timber
as well as to open up new areas for agriculture. In recent years, such practices have increased signifi-
cantly due to the practice of mono-culture cash crops such as orchard, corn, rubber and palm oil.
This problem is further compounded as the destruction of forests in the watershed area has not only
increased the runoff leading to more frequent flash floods, but also caused heavy soil erosion and land-
slides leading to increased siltation of the reservoirs. Post 2011, there have been calls for an urgent
national policy review on future agricultural watershed development to more adequately address the
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watershed land use challenge. At the same time, a comprehensive and more holistic flood water diver-
sion management plan (which uses flood simulation extensively), combined with consultations with
local stake holders, is being considered.
Henceforth, the principle of risk management will be the key to reduce the damage from extreme cli-

matic events. Decision makers will need to set priorities with respect to social and economic sectors as
well as potential affected areas so as to reduce overall damage. Furthermore, water resources will have to
be managed in integration with other natural resources, and the principle of Integrated Water Resource
Management should be applied and well understood.
Thirdly, with respect to the water infrastructures, the recent water-related disasters have highlighted

the need to review engineering design concepts and design criteria by focussing more on flood protec-
tion and flood control. This is because many of the existing structures were designed and constructed
based on normal hydrological conditions, while some did not take into consideration hydraulic con-
ditions as well as the livelihoods of people around the affected areas. As such, it will be necessary to
review and reset standards in response to climate change which will result in extreme hydrological
events with which the old designs cannot cope. In addition, a review of town planning and zoning
will also be necessary due to the fact that some communities or even industrial estates were wrongly
located in the flood plain, as the planners had overlooked the risk of flooding. For the long term,
people will have to learn to live under extreme hydrological events and adjust by building resilience
capabilities in their communities.
In summary, living with floods in Thailand is not a new phenomenon and it is likely that the 2011

floods could be a good catalyst to remind government and communities that the time is now right to
develop sound flood preparedness and mitigation measures that encompass a balanced use of structural
and non-structural measures. Nature possesses powerful forces that are at times difficult to deal with.
Perhaps a philosophy of learning to live with nature is an option to consider, whereby future flood man-
agement planning and preparedness recognizes and strikes a better balance between nature and
engineering.

4.2. The SMART Tunnel: an underground approach to flood mitigation

4.2.1. Introduction. Malaysia is located between latitude 1° and 7° north, and longitude 100° and 119°
east. The country comprises two regions, Peninsular Malaysia and the States of Sabah and Sarawak,
separated by 640 km of the South China Sea. Peninsular Malaysia adjoins Thailand in the north and
stretches down to Singapore in the south. Sabah and Sarawak are situated, respectively, in the north
and northwest of the island of Borneo. Together, the two regions cover an area of 330,000 km2. Located
in the humid tropics, Malaysia has an average annual rainfall of 3,000 mm.
The city of Kuala Lumpur, the capital, was founded in the late 19th century as a tin mining settlement

and, over the years, has grown to become Malaysia’s largest and most important city. Kuala Lumpur is
situated at the confluence of two tributaries of the Klang River which originates from the central moun-
tain range at an elevation of 1,330 m and traverses a distance of nearly 120 km before discharging into
the Straits of Malacca, draining a catchment of about 1,288 km2.
The river’s headwaters comprise mountainous and steep terrain covered almost entirely by a thick

canopy of tropical jungle. The mid upper reaches where Kuala Lumpur is situated is generally less
steep and lies between 30 and 60 m above mean sea level. Downstream of the city, the river flows through
gently rolling lands and a flat coastal plain before discharging into the sea. The rolling grounds which were
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earlier opened up for agriculture, have in recent times been developed into new townships and residential
areas, and this process of land use conversion is expected to continue into the foreseeable future.

4.2.2. Flooding situation. Topographically, Kuala Lumpur was built along the flood plains of the
Klang River and thus, from the earliest days, had been subjected to flooding. The 1926 flood, the so
called ‘Bah Merah’ (Red Flood) is believed to be the worst in living memory but the most notable
and extensive flood event on record was the flood of January 1971. This flood lasted for 5 days, cut
off the city from the rest of the country, and resulted in extensive damage to property, infrastructure,
agricultural land and crops, and in some loss of lives. About 445 ha of land in the city were inundated
to depths up to 2 m causing widespread damage and huge losses to infrastructure and property. Since
then, the city has experienced a number of major flood incidents (Table 3). A major flood event is
defined as one when an area of .100 ha of built up area is submerged to 0.5 m or more.
There are two basic types of floods which occur in the Klang River basin. The first is the monsoonal type

flooding caused by a long duration (3–10 days) of low intensity rainfall (.20 mm/h) precipitating over a large
area, resulting in the major river systems over-spilling the banks and causing widespread flooding. The flood
of 1971 was a monsoon type flooding. Flooding of the second type is caused by thunderstorms which are
localized rainfall of very high intensities (.180 mm/h) and short durations (2–5 h). The intense level of pre-
cipitation causes large volumes of storm runoff even from small catchments, which often leads to drainage and
river systems in the localized areas being completely overloaded. This causes what is termed as ‘flash’ flood-
ing. As the name suggests, flash floods are quick to manifest and equally swift to subside. This form of
flooding is frequently experienced in Kuala Lumpur and it can happen several times in a year.
The frequency of flood events (both monsoon type and flash floods) has increased over the years. The

main causes of this can be attributed to the extensive urbanization of the catchment up to the hill slopes,
while the capacity of the tributaries are at the same time greatly reduced by the heavy siltation due to the
uncontrolled land clearing activities and wanton disposal of solid wastes in the rivers. This disturbance to
the eco-balance by converting forests into townships has greatly increased the area of impervious surfaces
and consequently reduced the flood detention capacity. Studies in Malaysia have shown that forested catch-
ments capable of absorbing 100 mm of rainfall in the 1st hour of a storm can only absorb 20 mm of rainfall
when converted to urban conditions. The increasing trend of the flood magnitudes is best illustrated in the
measurement of annual flood discharges taken at SulaimanBridge (near the city centre). From themid-1980s
there has been a 300% increase in the mean annual flood discharges from 148 to 440 m3/s (see Figure 1).
As a result, over the past three decades, the incidence of major flooding has become more frequent

(see Table 3). In addition to these major flood events, there have been numerous occurrences of flash
floods in the city. These descend with very little warning and totally upset city routine, disrupting com-
merce and traffic. Overall, the situation is expected to be further aggravated due to the impact of global
warming and climate change.

Table 3. Major flood events in Kuala Lumpur (Abdullah, 2007).

Period No. of times Year

1970s 1 1971 (often referred to as the ‘Great Flood’).
1980s 3 1982, 1986, 1988
1990s 4 1993, 1995, 1996, 1997
2000–2010 6 30 April 2000, 26 April 2001, 29 October 2001, 11 June 2002, 10 June 2003, 10 June 2007
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4.2.3. Policy responses. In the aftermath of the 1926 flood, the then colonial government initiated
steps to resolve the flood issue. The policy response was to ‘control’ floods through structural (engin-
eering) measures. The early flood control works were carried out by the Hydraulic Branch of the Public
Works Department. In 1932 the Department of Irrigation and Drainage (DID) was formed and it took
over this function. Some of the early works were:

(i) channelization and protective works of the Klang River, completed in 1933;
(ii) dredging of the Klang River between 1937 and 1941;
(iii) improvement of the Klang River through the city, completed in 1960;
(iv) improvement of the Gombak River, completed in 1969.

Nevertheless, as the level of development in the pre-war years was not significant, there was no major
flood in the ensuing two to three decades, though the problem of localized flooding due to inadequate
drainage continued to persist. However, as Kuala Lumpur continued to transform into the ultra-modern
metropolis it is today and as development kept changing the face of the city, the existing infrastructures
came regularly under pressure to cope with flood flows beyond their design limits. This urbanization of
the catchments in and around the city has resulted in much upheaval to the hydrological regime and has
increased flood runoffs many fold, overstraining the drainage capacity of the river system, and bringing
with it challenges for the engineers to come up with innovative engineering solutions.
After the disastrous flood of 1971, the policy response was to entrust hydrology and flood mitigation as

additional functions of the DID. TheDID thenmodified the approach to ‘mitigate’ (reduce the impact) rather
than attempt to ‘control’ floods. This approach involves a combination of structural and non-structural
measures. Non-structural or ‘soft’ measures include flood zoning, flood forecasting and warning, flood
risk mapping and flood insurance. Using this approach, the DID developed the Kuala Lumpur FloodMitiga-
tion Project (KLFMP). The main project features consisted of three dams located upstream of the city and
urban drainage works on the main tributaries. The project consisted of the following measures:

(i) Channel improvement: this involved the straightening, widening and deepening of 47.2 km of
river channel and the removal of the Puchong Drop Structure. Within the city, where space is
restricted, the river sections were deepened and concrete lined.

(ii) Klang Gates Dam modification: the height of the existing Klang Gates gravity arch concrete dam
completed in 1959 was raised by 3 m to create a new active capacity of 28.8 million m3, i.e. 76%
over the 16.3 million m3 previous capacity. An additional land area of 71 ha of forest reserve was
required for the reservoir impoundment. New spillway piers, gate hoists and four radial gates
were installed in the spillway. All the works were completed in 1981.

(iii) Batu Dam and reservoir: the construction of a new earthfill embankment dam with a reservoir
capacity of 36.6 million m3 to control surface runoff from a catchment of 50.2 km2. This
multi-purpose flood control and water supply dam was completed in 1987 and provided an
additional 1.34 m3/s (25 million gallons per day) of domestic and industrial water supply to
the city.

(iv) Gombak Dam and reservoir: this was a proposed multiple-arch concrete structure of 25 m height
and a reservoir capacity of 42.6 million m3 covering an area of 82.3 ha. However, as it required
an additional 411 ha of land for roads, services and other project functions, there was much
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social opposition from the 1,110 families residing in the proposed reservoir area, and the
Gombak Dam project was eventually shelved.

(v) BatuRetention Pond: theBatuRetention Pondwas proposed as a partial replacement for theGombak
Dam. The Batu Pond has since been completed (in 1993) and the Gombak River Diversion (3.4 km)
was completed in 2003. The Pond is designed to carry a flood discharge (100 years return period) of
60 m3/s from the Gombak River via a diversion channel, and 40 m3/s from the Batu River.

(vi) Pumped Drainage: Kampung Baru is an inner-city area of about 90 ha located on the right bank of
the Klang River about 2 km upstream of the Klang/Gombak confluence. About 35 ha of this area is
below the designed level of the Klang River and, of this, 15 ha suffers from flooding due to internal
water inundation as the area is relatively low. To mitigate the flooding, the area was ‘poldered’ and
a pump house and a storage basin was constructed alongside the embankment of the river in 1993.

Work on the KLFMP commenced in the mid-1970s, but the pace of implementation was limited by
the availability of funding. In the meantime, the rate of development of Kuala Lumpur and the surround-
ing environs picked up at a much higher level and consequently increases in flood discharges began to
outpace the improvement to the river capacity through the flood mitigation works. After the series of
floods that hit Kuala Lumpur from 2000, it became apparent that a completely new approach was
necessary to alleviate the flood problem in the city. Among the options considered was the possibility
of providing additional upstream storage for the excess flows, increasing the capacity of the rivers and
creating flood bypasses to divert flood flows away from the city centre.
Detailed studies indicated that for the northern part of the catchment, a number of disused tin mining

ponds could be converted into flood detention ponds, while for the southern part, the only viable alterna-
tive was to construct a flood bypass. Here, the topography of the land was such that a bypass alignment
would cut through high ground as well as areas which were densely built up, making the use of an open
channel (open cut) prohibitive in terms of land acquisition and compensation costs. It was thus decided
that the bypass should be a tunnel as this was a more competitive alternative in terms of pricing and
would offer the least disturbance during construction.
At the same time, it was realized that a flood bypass tunnel would be in use very infrequently and

hence, by incorporating a road into the tunnel, the project could be value added by helping to reduce
the traffic congestion at the southern gateway of the city to the city centre. Thus was born the idea
of the SMART project.

4.2.4. The SMART Tunnel3 project. The SMART Tunnel project comprised two components; a storm-
water component consisting of a tunnel flood bypass to mitigate the flooding problems in Kuala Lumpur
city centre and a motorway component using the same tunnel to provide an alternative traffic dispersal
scheme to ease the traffic congestion at the southern main gateway into the city. The project was
designed to provide Kuala Lumpur with a Q100 protection and this required the use of a very large
bore tunnel for the bypass.
The stormwater component was designed to reduce the storm flow through the city centre to a man-

ageable quantity within the capacity of the river. A total of 280 m3/s of flood discharge would be

3 Although the term SMART Tunnel is a misnomer since the ‘T’ in ‘SMART’ already stands for tunnel, this term was the
official name of the project to highlight that it was a unique and innovative use of a tunnel.
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diverted into a holding pond with an area of 8 ha and having a capacity of 600,000 m3. The water would
then flow into a bypass tunnel 9.8 km long and with an internal diameter measuring 11.8 m. The total
storage provided by the tunnel during diversion is 1 million m3 and it discharges into a storage reservoir
of 23 ha, having a capacity of 1.4 million m3. The effect of the bypass and the storage that can be con-
tained within the system is to reduce both the flow through the city centre as well as the subsequent
discharge back into the river system downstream of the city.
The motorway component comprises a 3 km stretch at the middle of the tunnel which offers motorists

from the south a speedy alternative to the central business district. To ensure safer traffic operations, this
portion of the tunnel was constructed with two decks: one for motorists entering and the other for exiting
the city centre. Owing to the limitation of headroom in the double deck configuration, only cars and
other light vehicles are allowed to use the tunnel. Figure 6 shows a cross-sectional view through the
motorway component.
The SMART Tunnel is operated in three modes based on the relationship between flood discharge

and the operation status of the motorway (Figure 7). In mode I (no storm), which is the normal con-
dition, the tunnel is kept dry, as no water is diverted into the system. Twin floodgates are installed at
either end of the traffic section to isolate this part of the tunnel from the other sections.
In mode II, (minor storms) some water is diverted into the tunnel but is confined to the lowest drai-

nage chamber provided in the traffic tunnel. During such times, the set of twin floodgates at either end of
the traffic tunnel are kept shut, to ensure safety for the traffic in the tunnel. Each gate in the twin set is,

Fig. 6. Typical cross section of motorway tunnel (Abdullah, 2007).
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by design, capable of sealing the traffic compartment. Nevertheless, for additional safety reasons, a
second set was provided for backup.
In mode III (major storms), a much larger discharge has to pass through the tunnel, for which the full

section of the traffic compartment is required. During this operation, the tunnel is closed to traffic and
secured for flooding. Road gates placed at either end of the traffic compartment prevent water in the
tunnel from reaching the ground surface at the ingress/egress.

4.2.5. Financing mechanism for the SMART Tunnel project. Traditionally, flood infrastructure is funded
by the government social project and there is no attempt to recover cost from the beneficiaries. Capex funding
is procured under the 5-year NationalDevelopment Plans, whileO&M funding has to be sourced through the
annual operating budget.While there has been private sector involvement in numerous infrastructure projects
under the build-operate-transfer (BOT) concept, there have been no takers for flood projects due to the lack of
political will to institute a viable cost recovery mechanism, e.g. through local or property tax.
The SMART Tunnel project was funded through a new financing mechanism whereby the capex

costs were shared between the government and the private sector, with public funds paying for the
flood component and private funds for the motorway component. The private sector was given a con-
cession to recover their costs by charging a toll on motorway users under the BOT concept and was
responsible for operating and maintaining the tunnel, thereby relieving the government of its obligations
for O&M. However, the government retained control of the operation during floods.

Fig. 7. Operation of SMART Tunnel (Abdullah, 2007).
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4.3. Super Typhoon Haiyan (Yolanda)

4.3.1. Introduction. The Republic of the Philippines is an archipelago of 7,107 islands located between
latitude 4° and 21° north, and longitude 116° and 126° east. To the north lies Taiwan, to the west is
Vietnam and to the south and south west sit Indonesia and Malaysia. Including inland bodies of
water, the Philippines has a total land area of approximately 300,000 km2, while its 36,289 km of coast-
line makes it the country with the fifth longest coastline in the world. Its location on the Pacific Ring of
Fire and close to the equator makes the Philippines prone to earthquakes and typhoons.
According to the official count, the population hit 100 million in July 2014, making the Philippines

the seventh most populated country in Asia. It is estimated that half of the population resides on the
island of Luzon. A newly industrialized country, the Philippine economy has been transitioning from
one based on agriculture to one based more on services and manufacturing.
Located on the island of Luzon, Metro Manila, the capital of the Philippines, is a huge urban mass of

16 cities, the most populous of which is Quezon City. Metro Manila is the most populous metropolitan
area in the Philippines with a population of over 16 million, while Greater Manila, which includes the
suburbs in the adjacent provinces (Bulacan, Cavite, Laguna and Rizal) has a population of around 21
million. Metro Manila’s gross regional product is estimated (as of July 2009) to be 468.4 billion
pesos (at constant 1985 prices) and accounts for 33% of the nation’s GDP.

4.3.2. Flooding situation. Sitting astride the typhoon belt, the Philippine archipelago experiences
annual torrential rains and thunderstorms from July to October, with around 20 tropical cyclones enter-
ing Filipino waters in a typical year and 8 or 9 making landfall. A tropical cyclone is categorized
according to its wind speed. The lowest category is a ‘tropical depression’ which has wind speeds
not exceeding 33 knots (61 km/h). A tropical depression is upgraded to a ‘tropical storm’ should its sus-
tained wind speed exceed 34 knots (63 km/h); and should the storm intensify further and reach sustained
wind speeds of 48 knots (89 km/h), then it is classified as a ‘severe tropical storm’. Once the cyclone’s
maximum sustained winds reach 64 knots (119 km/h) it is designated as a ‘typhoon’.
In recent years, tropical cyclones have been increasing in frequency and intensity and as a result, in

2009, typhoons were further divided into three sub-categories: ‘typhoon’, ‘severe typhoon’ and ‘super
typhoon’. A typhoon has wind speeds of 64–79 knots (119–149 km/h), a severe typhoon has winds of at
least 80 knots (150 km/h), and a super typhoon has winds of at least 100 knots (190 km/h).
Nearly one-third of the world’s tropical cyclones form within the western Pacific with the area just

northeast of the Philippines being the most active place. Within the Philippines, the areas most fre-
quently impacted by tropical cyclones are northern and central Luzon and eastern Visayas. These
tropical cyclones contribute at least 30% of the annual rainfall in the northern Philippines, while for
the southern islands it is under 10%. While the percentage may look small, the precipitation is generally
delivered over a few days, resulting in very high rainfall intensities. This rainfall, coupled with the
strong winds, invariably culminates in severe flooding. The wettest known tropical cyclone to impact
the Philippines archipelago was a 1911 cyclone, which dropped over 1,168 mm of rainfall within a
24-hour period in Baguio.
Typhoons also cause storm surges inland. Historical records between 1897 and 2013 indicate that

many typhoons hit the Visayas area near Tacloban City, Leyte, but the five worst storm surges are
as shown in Table 4.
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The vulnerability of the Philippines is best illustrated by two very severe typhoons that have recently
struck. In December 2012, Typhoon Bopha (known in the Philippines as Pablo), was the strongest tro-
pical cyclone to ever hit the southern island of Mindanao, making landfall as a super typhoon with
winds of 280 km/h. Bopha caused widespread destruction on Mindanao, leaving thousands homeless,
causing 1,146 fatalities, with another 834 missing and more than 170,000 people moved to evacuation
centres. Total damage was estimated at US$1.04 billion.
Almost a year later, in November 2013, Super Typhoon Haiyan slammed into the Visayas region of

the Philippines, killing more than 6,300 people and resulting in US$9.7 billion in losses and damage.

4.3.3. Super Typhoon Haiyan (Yolanda). Super Typhoon Haiyan (known in the Philippines as
Yolanda), was the 23rd tropical cyclone to hit the Philippines in 2013 and the 9th that made landfall.
Haiyan is believed to have been the strongest typhoon ever to strike land anywhere in the world, and
the strongest typhoon ever recorded in terms of wind speed, with wind gusts of up to 200 knots
(380 km/h). It is the deadliest Philippine typhoon on record, killing at least 6,300 people in the Philip-
pines alone. More than 2 months later, bodies were still being found.
Haiyan originated from an area of low pressure about 425 km east-southeast of Pohnpei, one of the

states in the Federated States of Micronesia, on 2 November 2013. Moving westward, the system
encountered environmental conditions favouring tropical cyclogenesis (i.e. the development and
strengthening of a tropical cyclone in the atmosphere) and developed into a tropical depression by
the following day. After becoming a tropical storm and being assigned the name ‘Haiyan’ on 4 Novem-
ber, the system began a period of rapid intensification that brought it to typhoon intensity the next day.
On 6 November, the Philippine Atmospheric, Geophysical and Astronomical Services Administration

(PAGASA) assigned the storm the local name ‘Yolanda’ as it approached their area of responsibility
(PAR). Over the same day, Haiyan attained super typhoon status as the eye of the typhoon passed
over the island of Kayangel in Palau with sustained winds of up to 230 km/h. Prior to landfall in the
central Philippines, Haiyan reached its maximum intensity on 7 November in the early evening, with
1-minute maximum sustained wind speeds of 314 km/h, unofficially making Haiyan the strongest tro-
pical cyclone ever observed based on wind speed.
Haiyan entered the Philippine PAR at midnight of 6 November and made its first out of six landfalls

on 8 November (4:40 a.m.) in Guiuan, Samar. At landfall, it had maximum sustained winds of 235 km/h
with gusts of 275 km/h near the centre. From there, it moved west-northwest crossing Northern Leyte at
7:00 a.m., then to Northern Cebu (9:40 a.m.), Northern Panay (12:00 noon) and Busuanga in Northern
Palawan (8:00 p.m.). It exited the PAR on the following day, 9 November at 1:40 p.m. Owing to its
massive destruction, the Philippine Government declared a National State of Emergency on 11 November
2013.

Table 4. Historical records of storm surge (Source: Nepomuceno, 2014).

Date of typhoon occurrence Fatalities Station pressure (hPa) Storm surge

12 October 1897 1,300 925 7.3 m (Hernani)
24 November 1912 52 924 7 m (Santa Rita)
27 October 1952 444 930 Not recorded
04 November 1984 1,167 925 3.5 m (coastal areas of Leyte)
08 November 2013 6,241þ 910 6–7 m (Leyte & Samar areas)
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Haiyan also brought storm surges which were recorded in several locations along the eastern coast-
line. According to the 8 November situational report of the United Nations Office for the Coordination
of Humanitarian Affairs (OCHA), the storm surge created 5–6 m waves that wiped out most infrastruc-
ture, health facilities, schools, basic public services, homes and commercial buildings in several coastal
towns/barangays in the islands of Samar and Leyte. Based on a PAGASA-DOST4 survey of storm surge
heights, Tacloban City in Leyte (population 221,000 people), bore the most severe damage, with a storm
surge of 5–6 m that also resulted in inundation of 600–800 m and which smashed through coastal com-
munities. From Guiuan to Hernani in Samar, a storm surge was recorded at 6–7 m high with
800–1,000 m inundation.
Super Typhoon Haiyan brought so much destruction, particularly in central Philippines. The affected

areas consisted of 12,139 barangays in 591 municipalities and 57 cities in 44 provinces, and more than
16 million people were affected, as shown in Table 5.
Some 70–80% of the houses on the island of Leyte were destroyed, with the low-lying areas of Taclo-

ban City the worst affected. The terminal buildings of Tacloban Airport were destroyed, along with
almost all of Tacloban’s infrastructure. Over 20,000 houses in the city were damaged, with a large
part totally destroyed. Ships were washed inland, cars piled up and trees uprooted. Overall, along the
100 km path of Haiyan, some 1,140,332 houses were damaged, 550,928 totally and 589,404 partially.
Most of the damage was caused by storm surges, strong winds and heavy rains that resulted in loss of
life, property and infrastructure. Based on the results of a joint Asian Development Bank and OCHA
rapid assessment of Tacloban and other locations, and on the data provided by the National Disaster
Risk Reduction and Management Council (NDRRMC), more than half of the estimated damage and
loss was private property.
The total direct losses in the Philippines are estimated to have reached US$9.7 billion and even

though on the global scale these losses appear low (e.g. Hurricane Katrina caused an estimated
US$125 billion of direct losses), they made a deep dent in the Philippine economy. Property valued
at around 4% of the country’s GDP was destroyed. Only about 7% of the losses were insured and
the balance cannot be recovered without placing a huge additional burden on the country’s population
or the national budget. The disaster brought about by Haiyan also illustrated well the large loss ampli-
fication factor, whereby a big disaster can result in secondary catastrophes such as prolonged periods of
non-accessibility to affected places due to infrastructure destruction, and a strong regional economic
downturn leading to a population drain and migration outflow from the disaster zone.

Table 5. Humanitarian costs (as of 3 April 2014) (Source: NDRRMC, 2014).

Population affected 3,434,593 families (16,078,181 persons)
Population displaced 890,895 families (4,095,280 persons)
Number of reported deaths 6,293
Number of reported injuries 28,689
Number of missing persons 1,061

4 A term frequently used as PAGASA is an agency under the Department of Science and Technology (DOST) of the
Philippines.

K. Abdullah et al. / Water Policy 17 (2015) 89–113110



4.3.4. Policy responses. The Philippines is a country where massive natural disasters including
typhoons, earthquakes and volcanic eruptions are a way of life. Sitting astride the typhoon belt and
having a long coastline of 36,289 km, the Philippines archipelago is particularly vulnerable to tropical
storms and typhoons. On average, up to 20 tropical storms enter Filipino waters annually, with about
half of them making landfall. The most frequently impacted areas are northern and central Luzon
and the eastern Visayas. The capital, Metro Manila, is located on the island of Luzon.
Typhoons bring heavy rainfall which, when combined with the strong winds and storm surges, can cause

large-scale flooding and result in enormous destruction and loss of life. In 2013, the Philippines was struck
by Super Typhoon Haiyan, the strongest typhoon ever to strike land anywhere in the world, with wind gusts
of up to 200 knots (380 km/h) and creating a storm surge 6 m high and extending 1 km inland.
In the face of such daunting climatic factors, it would be prohibitively costly for the Philippines to invest

in the necessary defensive infrastructure to protect the country or even to try to mitigate the impacts from
typhoons. Instead, the policy response has been to focus on improving disaster preparedness and manage-
ment. In 2010, the Philippine Government enacted Republic Act No. 101211 on Disaster Risk Reduction
and Management (DRRM Act 2010). This Act provided for the development of policies and plans and the
implementation of actions and measures pertaining to all aspects of DRRM, including: (i) good govern-
ance; (ii) risk assessment and early warning; (iii) knowledge building and awareness raising; (iv) reducing
underlying risk factors; and (v) preparedness for effective response and early recovery.
Significantly, the law enabled the government to review and finalize its landmark plan on DRRM

‘Strengthening Disaster Risk Reduction in the Philippines: Strategic National Action Plan (SNAP)
2009–2019’ based on its global commitment to disaster risk reduction (DRR), as embodied in the
Hyogo Framework for Action. The SNAP has been institutionalized through Executive Order No.
888 signed on 7 June 2010. The SNAP recognizes the paradigm shift from a mostly reactive disaster
response approach to a proactive DRR orientation.
Further, Administrative Order No. 1 directed all government units, particularly provinces, to adopt (in

their planning activities) the guidelines on mainstreaming disaster risk reduction, in sub-national devel-
opment and land use/physical planning. As the Philippines is considered one of the countries most prone
to events triggered by natural hazards, the country’s vulnerability to such hazards will continue to hinder
socio-economic development unless practical solutions are found to avert potential damage from them.
The Medium-Term Philippine Development Plan has identified disaster mitigation as a priority thrust,
and achievement of such thrust includes the integration of a disaster management strategy in the devel-
opment planning process at all levels.
The DRRM Act called for the development of a National DRRM Framework which shall provide for

a comprehensive, integrated, multi-sectoral and inter-agency and community-based approach to DRR.
The framework shows that mitigating the potential impacts of existing disaster and climate risks, pre-
venting hazards and small emergencies from becoming disasters, and being prepared for disasters,
will substantially reduce loss of life and damage to social, economic and environmental assets. It
also points out the need for effective and coordinated humanitarian assistance and disaster response
to save and protect the more vulnerable groups during and immediately after a disaster. Further, building
back better after a disaster will lead to sustainable development after the recovery and reconstruction. To
ensure its relevance to the times, the DRRM Framework will be reviewed every 5 years, or as may be
deemed necessary.
Inherent in the DRRM Act of 2010 is the transformation of the National Disaster Coordinating Council

into the NDRRMC. This Council is made up of 33 representatives from various government agencies, and
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seven representatives from non-government, civil and private sector organizations. It is chaired by the Sec-
retary of the Department of National Defence and administered by the Office of Civil Defence under the
Department of National Defence. The Council is responsible for ensuring the protection and welfare of the
people during disasters or emergencies within the framework of DRRM as expounded under the law.
In the aftermath of Super Typhoon Haiyan, disaster preparedness and management has justifiably

received major government attention, with funding increased by nearly 100 billion Pesos, or about
5% of the total national budget. However, while a portion has been spent wisely on more proactive
and innovative disaster mitigation programmes such as hazard mapping, the bulk of the funds is ear-
marked for cleaning up, repairs and rehabilitation of the damage from Haiyan.
What would happen if such a super typhoon were to strike Metro Manila? Simulation studies indicate

that at least 4,000 people would be killed and 13,000 would be injured. Nearly all commercial and resi-
dential structures would experience some degree of damage and total estimated damage would probably
exceed US$3 billion. Power generation systems and distribution lines would be downed, leaving
millions of homes without electricity for long periods. All telecommunications systems would experi-
ence extensive outages. Transportation infrastructure damage would cause major disruptions. The
vulnerability of a large portion of the city population, particularly the urban poor, would result in a
humanitarian crisis. Not surprisingly, Metro Manila is ranked by the USA as the third most vulnerable
metropolitan area on earth with the second most number of people at risk. There are also serious con-
cerns about what such a storm would do to the national economy, as the city accounts for 40% of the
country’s gross national product.

5. Conclusion

This is a tale of three capital cities in South East Asia. Although all three cities are situated in the
same climatic zone, due to their geographical locations, water disasters impact differently on them,
whilst policy responses also differ.
Bangkok is located in the estuary of the Chao Phraya River, which has a drainage area of 160,400 km²

(or almost half the total land area of Malaysia or the Philippines). The policy response to the flooding
problem was to ‘control’ the floods through upstream storage. However, in the light of the unprecedented
2011 floods, the policy response has been modified to learning to live under extreme hydrological events
and to adjust by building resilience capabilities in the communities and flood infrastructure.
Kuala Lumpur is situated at the middle reach of the Klang River, a comparatively small but steep

river. In the early days, the policy response was to ‘control’ floods through structural measures and regu-
lar investments in flood infrastructure were made. However, the continuing urbanization of the
catchments in and around the city has resulted in flood runoffs increasing many fold, bringing with
it challenges for the flood planners to come up with more innovative solutions, from both the engineer-
ing as well as the financial perspectives.
Metro Manila sits astride the typhoon belt and is particularly vulnerable to tropical storms and

typhoons. Typhoons bring heavy rainfall which, when combined with strong winds and storm
surges, can cause large-scale flooding and result in enormous destruction and loss of life. In the face
of such daunting factors, it would be prohibitively costly to invest in the necessary defensive infrastruc-
ture to protect Metro Manila from typhoons. Instead, the policy response has been to focus on improving
disaster preparedness and management.
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5.1. Policy conclusions

Climate change is already impacting on the hydrological cycle, leading to increased frequencies and
intensities of extreme weather events, i.e. floods, typhoons and droughts are occurring more frequently,
and are larger and more intense and last longer. In recent years, three large-scale water disasters have
occurred in South East Asia. In 2011, the worst floods in Thailand occurred from August to November,
and the Philippines was hit by two of the worst typhoons ever recorded: Typhoon Bopha in December
2012 and Super Typhoon Haiyan in November 2013.
Structural measures are still needed to mitigate the impact of such extreme events but the existing

water infrastructure will not be able to handle storms which are likely to be several times larger than
designed for. Concerted action is needed to repair, rehabilitate and upgrade the flood infrastructure
and make it more adaptable and flexible. The design process will have to consider the entire spectrum
of upstream to downstream factors, include a balanced use of structural and non-structural measures and
involve consultations with all stakeholders to produce an over-arching flood and water management plan
that will mitigate, as far as possible, the worst case scenario.
Zero risk does not exist (i.e. engineering works cannot offer complete protection) and in planning for

the future, one should expect the unexpected. In terms of management, nature can no longer be taken for
granted and ‘business as usual’ is no longer tenable. Investments in DRR, preparation and prevention
will pay off in terms of reduced loss of life, avoided damage, and long-term economic growth and
stability.
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Abstract

This paper describes methods and processes to link policy development to the implementation of those policies
in actionable implementation plans. It is shown that policies can only be implemented effectively if they are
embedded in a legal framework that is designed to facilitate achievement of the policy objectives. The paper
shows different levels of policy making and decision support for the development of policies at different
levels, ranging from the level of Federal States in Germany to policy development and implementation at the
European level as part of the European Framework Directive. Using the Elbe River as a case study, the paper
shows the need to anchor regional, transboundary and state level policies to mandated national institutions. A
key lesson learnt from the Elbe River Basin is that policy integration is of utmost importance. The paper also
demonstrates that a balance needs to be reached with regard to structural and nonstructural measures in flood
risk management to arrive at a truly integrated flood risk management strategy and its implementation. The devel-
opment of research policies on the basis of sound science is indispensable in support of policy development and its
implementation.

Keywords: Cross-sectorial policy integration; Integrated flood risk management; Policy development and
implementation

Introduction

The focus of this paper is on the German part of the Elbe River Basin. Looking at the entirety and
complexity of the programs and measures taken to improve flood protection in the Elbe River Basin, the
word ‘policy’ does not appear in any of the references, although the measures described in the IKSE
(Internationale Kommission zum Schutz der Elbe; International Commission for the Protection of the
Elbe River (ICPER)) Elbe Flood Protection Action Plan (IKSE, 2003) have all the characteristics of
an integrated flood risk management plan. This plan is built on policies such as ‘giving room for the
river’, ‘living with floods’, ‘prioritizing long-term spatial management’ as means for the retention of
floods and lowering the peak of flood waves. To prevent confusion of the use and meaning of the
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word ‘policy’, the following paragraphs provide a brief overview. The use of the word ‘policy’ has sev-
eral dimensions and is not an exactly defined term but is used in different contexts. Webster’s dictionary
has a number of closely related definitions. They include: ‘A definite course or method of action
selected from among alternatives and in light of given conditions to guide and determine present and
future decisions’; ‘A high-level overall plan embracing the general goals and acceptable procedures
especially of a governmental body’. The Oxford Dictionary defines policy as ‘a course or principle
of action adopted or proposed by an organization or individual’.
Policy objectives reflect the goals that are meant to be achieved, such as minimizing the loss of lives

and livelihoods including infrastructure through improved integrated flood risk management. Policy
instruments are the means by which policy objectives are implemented through specific actions
(ILRI, 1995). Different terms are used to characterize the increasing specificity with which policies
are put into practice. This can be viewed as a hierarchy starting from policy formulation through the
setting of policy objectives, moving further down this hierarchy to policy-derived ‘plans’, ‘programs’
and ‘projects’. The formulation of policies requires an in-depth analysis of event-driven identified weak-
nesses and strengths in flood risk management. The causative factors of weaknesses and strengths, and
derived policy options in response to these identified weaknesses and strengths, need to be identified.
The identification of policy options is essential as each policy will have repercussions on other policies
or ongoing action plans. The development of different flood scenarios has also proved to be a highly
useful tool in policy development as these scenarios may project different futures for which appropriate
policies need to be put in place. Ultimately, the policy development process leads to a prioritization of
policies, as the implementation of policies is closely related to the availability of priority-driven allo-
cation of scarce resources. This last step is usually undertaken at the level of politicians who also
make decisions on the applicability of policies.
Policies can only be implemented effectively if they lead to the development of laws, rules and regu-

lations that are designed to facilitate achievement of the policy objectives. Legal frameworks need
adequate instruments for their enforcement and, ultimately, policies and legal frameworks can set mini-
mum standards or benchmarks against which improvements can be measured.
As many of the sources cited in this paper are of German origin, it is necessary to note that in the

German language there is no direct equivalent of the English word and meaning of ‘policy’. In
German, ‘policy describes the entirety of a political theme area’ such as ‘Water Politics’ (Wikipedia;
see: http://www.de.wikipedia.org/wiki/Policy; see also http://www.bpb.de/nachschlagen/lexika/politiklexi-
kon/18014/policy).
A large number of policy contexts exist that drive decision-making in flood risk management. Such

policy contexts have been analyzed for England and Scotland with regard to their influence on flood risk
management practices with a focus on finding a balanced approach between structural and nonstructural
measures (CRUE, 2008). A few policy contexts are mentioned here as examples: policies regarding land
use, housing, agriculture, industry, ecology, insurance policy and climate change. It is evident that all
these policies, that have probably in most cases been developed in isolation from each other, influence
to a varying degree the development of integrated flood risk management policies on the basis of an
entire river basin. The comparative influence of different policies on decision-making in flood risk man-
agement (including finding a balance between structural and nonstructural measures) is difficult in the
absence of metrics to quantify policy influences. The authors of the CRUE (2008) report state, for
example, that it is not possible to quantify the impact of a policy on climate adaptation on flood risk
management over the next 20 years.
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Being already difficult in more centrally governed countries such as the United Kingdom, the pro-
blem is aggravated in countries that have a clear federal structure, such as in Germany. In the Elbe
River Basin, policy contexts at different government levels are manifest: federal policies, the sector pol-
icies of 10 federal states, policies of riparian countries (especially those of the Czech Republic) that have
a strong influence on flood risk management in the German part of the Elbe River, and policies at the
level of the European Community. It needs to be noted that most of these sector policies have their own
legislation and governing administrative super-structures ensuring adherence to and implementation of
these different policies.
The key approach under these circumstances is that of ‘policy integration’. The main thrust of policy

integration is to adapt existing policies to be non-contradictory with respect to flood risk management.
The baseline condition is a general acceptance by politicians, interest groups and the general public that
integrated flood risk management (including all relevant sector policies) has a higher societal benefit
than benefits derived from single-sector driven policies.

Description of floods in the Elbe River Basin

The Elbe River is the fourth largest river basin in Central Europe (Figure 1) with a length of 1,165 km
and a catchment area of 148,000 km² of which the majority is in Germany (97,000 km²) and in the
Czech Republic (50,000 km²), in addition to smaller parts of the river basin amounting to 1,000 km²
located in Austria and Poland (Figure 2). The population of the basin is about 25 million. In terms
of flood management it needs to be noted that the hilly character of the basin in the Czech Republic
results in short flood forecasting and warning times because of the short time interval between floods
occurring and the antecedent rainfall event. Furthermore, flood characteristics in Germany are always

Fig. 1. Location of the Elbe River Basin in Germany (Federal Institute of Hydrology, Koblenz, Germany).
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dependent on upstream flood management in the Czech Republic with its numerous dams and reservoirs
(Raadgever, 2005).
The Elbe floods of 2002 exceeded total costs of just above 20 billion1 euros in the Elbe River Basin,

with some 13 billion euros in Germany alone and about 7 billion in the riparian countries of the Elbe
River. These damages amounted to the highest-ever damages from floods in the region at that time
(Plate, 2011).
Half of the damage occurring in Germany impacted on public property. About 7.8 billion euros of

tax-payers money was used for immediate assistance to flood victims in Germany (WWF, 2007). In
2013, the total damages in Germany amounted to an estimated 12 billion euros in comparison to an esti-
mated 17 billion euros of flood damage in Europe (Zurich Insurance, 2014a).
The overall 2013 flood damage costs in the Elbe River Basin (German part) were considerably lower

compared to the 2002 flood loss costs (see Table 1). Although in the Elbe River Basin the number of
insured damage cases rose from 150,000 in 2002 to 180,000 in 2013, the Association of German
Insurance Companies (GDV) stated that individual damages were lower than in 2002 (Cash Online –

Finanznachrichten, 23 July 2013). This could be attributed to some extent to precautionary measures
by the affected population which in this context underlines the positive effects of flood risk awareness
campaigns that started after the 2002 flood event. It is also important to note that the damages incurred
during the 2002 floods were partially attributed to flash floods occurring in the Erzgebirge. In the 2013
flood event, flash floods with their highly destructive character did not occur.
After the disastrous 100-year flood event in 2002 and more local flood events in 2006, 2010 and

2012, another extreme flood event with a statistical recurrence period of over 100 years occurred in

Fig. 2. Map of the Elbe River Basin (Federal Institute of Hydrology, Koblenz, Germany).

1 Billion¼ 109.
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the Elbe River in 2013. Lessons learnt from the 2002 flood event resulted in an efficient flood warning
and an information system that prevented the loss of lives (Bundesministerium des Inneren, 2013).
However, despite partially improved lead times for flood forecasting, in-time evacuation and a largely
improved flood protection, the overall recorded damage to buildings, infrastructure and livelihoods
(farms and production sites) surpassed the reported damages of the 2002 flood event.
An analysis of the 2013 floods in the Elbe River showed (IKSE, 2013) that the measures undertaken

in the framework of the IKSE Elbe Flood Protection Action Plan have been largely effective, including
flood retention measures in the flood plains, flood forecasting and warning, flood preparedness and
improved information systems at all levels, with officially mandated organizations and volunteer organ-
izations, and with regard to successfully implemented flood risk awareness programs.

Policy actions taken or not taken

As policy paradigms change from ‘flood protection’ to ‘flood risk management’, it is important to recog-
nize that flood risk management should not just aim to protect people from floods but should go much
further, aiming to increase the resilience of potentially affected people–the ability to cope with floods
and to recover from flooding. Another dimension of risk management is knowledge of possible cascading
failures, meaning that if one structure fails, it could cascade into multiple failures (such as the flooding of a
power transformer station that leads to the failure of water pumps, which in turn results in further damage to
buildings and property) (Zurich Insurance, 2014b). Forward looking policies in flood risk management
always carry a measure of uncertainty. The additional adoption of a policy of ‘no regrets and flexibility’
ensures benefits even when the actual hazard and associated risk is not quantitatively known for a specific
time horizon. It also needs to be noted that risk management consists of twomajor elements: the factual risk
analysis that is solely based on physical facts, and the assessment of risk, which is a political process that
includes socio-economic values and the acceptance of risk (Deutscher Bundestag, 2013).

Transboundary policy actions: organizational level

Several rivers in Central Europe are transboundary, including the Rhine and Elbe rivers. As a conse-
quence of the large floods in 1988 (CHR-KHR, 1990), 1993 and 1995 (BfG, 1994; CHR-KHR, 1999),
the ‘Rhine Action Plan’ that had been elaborated by the International Commission for the Protection of
the Rhine River (ICPR) was adopted in January 1998 (IKSR, 1998). On the level of the Elbe River
Basin, the IKSE Agreement was signed in October 1990, with signatory countries being the Federal
Republic of Germany and the Czech Republic. Observers are Austria, Poland, European Union, Inter-
national Commissions for the protection of the Rhine River, the Odra River, and the Donau River and

Table 1. Gross comparison of flood losses for the Elbe floods in 2002 and 2013 (adapted from Belz (2013) and LAWA
(2014a, b).

Elbe floods Material damage Fatalities Direct federal flood aid

2002 11,710 38 9,000
2013 5,200 15 8,000

All monetary amounts in million euros.
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non-governmental organizations (NGOs). Flood protection has become one of the focal areas of activi-
ties of the IKSE (http://www.ikse-mkol.org). Triggered by the Elbe floods in 2002, the IKSE developed
and commissioned its Elbe Flood Protection Action Plan in 2003. As with the Rhine Action Plan, this
plan is not legally binding. It rather serves as a set of recommendations. However, as the participating
organizations are mainly governmental organizations of the signatory states, the plan has served as a
basic policy document that was largely drawn in the political decision-making process aiming to
implement the plan.

National policy actions: organizational level

In Germany, federal waterways (basically the main stems of all navigable large rivers in Germany)
belong to the Federal Government. Flood protection is a responsibility of the German federal states
(‘Länder’). In the light of the 2002 floods in the Elbe, the 10 ‘Länder’ that are situated in the Elbe
River Basin founded the Flussgebietsgemeinschaft–Elbe (FGG–Elbe; Elbe River Basin Community)
in 2004 (Pressespiegel, 2014). Since the FGG-Elbe’s new Administrative Agreement in 2010, it has
been coordinating the implementation of both the EU Water Framework Directive and the EU Flood
Risk Management Directive (http://www.fgg-elbe.de/start-en.html). As cited in http://www.lawa.de/
About-LAWA.html, the federal states also work with each other in a cooperative framework (Arbeits-
gemeinschaft (ARGE) Elbe) and with the German Working Group on water issues of the Federal States
and the Federal Government, represented by the Federal Environment Ministry (LAWA). Due to the
number of actors involved in decision-making, the decision-making process can be lengthy, based on
aiming to achieve best possible compromises and balancing the interests of different groups. The
strength of policy making in the German context is ‘the obligatory and widespread hearing of experts
and interested parties of all relevant groups and in the democratic and constitutional consideration of
various interests and viewpoints’ (Rudolph & Block, 2001).

Decision-making at national level

In the German context, decision-making is based on commonly agreed objectives in a political frame-
work; this could be termed as ‘policy’. Integrated flood risk management includes the integration of
different data sources in terms of hydrologic, topographic, hydraulic and socio-economic domains,
aggregated in a modeling framework. Policy planning to improve integrated flood risk management
is therefore highly complex as different scientific domains and the integration of multiple sources of
data need to be considered. To give an example: The VERIS – Elbe project, which aims at the modeling
of change and management of risks of extreme floods in large river basins (Figure 3), looks at two
dimensions of integration (VERIS – Elbe, 2013; Burek & Rademacher, 2009):

‘Disciplinary models are coupled in a model system of the flood risk system. Results of the model
simulations are put in a planning context that ranges from the ex-post analysis over the formulation
of scenarios including development trends and mitigation options to their ex-ante analysis, multi-cri-
teria assessment and implementation.’

Flood risk is calculated as a function of probability� vulnerability on the basis of a series of maps
(Figure 4) that allow the quantification of flood hazards and potential damage per unit area (or specific
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infrastructure). The calculation of damage and risk consists of three steps, namely: (i) defining prob-
ability and extent of flooding; (ii) determining expected damage; and (iii) defining risk. Figure 4,
taken from (Vanneuville et al., n.d.), demonstrates this approach.
Under the impact of the 2013 flood events in Germany (BfG, 2013) the environment ministers at Fed-

eral and State government levels agreed in June 2013 on the development of a national flood protection
program. The national flood protection program was passed by the German conference of state environ-
ment ministers in October 2014. The two-pronged approach envisages the amendment and change of
relevant administrative procedures with the objective of simplifying and accelerating the planning

Fig. 3. Schematic view of coupled models.

Fig. 4. Schematic view of the development of flood maps and calculation of flood risks.
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and implementation of measures with a focus on preventive flood protection. Federal Government and
the State governments see it as an obligation to initialize preventive investments in a national flood pro-
tection program.
The Extraordinary Conference on Floods of the Environment Ministers of the German Federal States

in September 2013 stated that the recent flood events might be early signs of climate change and decided
that a national flood protection program would be developed including:

• review and eventual further development of design-flood and mutually coordinated approaches to
assess impacts of potential flood protection measures;

• prioritization of preventive flood protection measures with a focus on supra-regional measures and on
the basis of additional flood retention areas that will have a significant effect on the lowering of peak
flood levels;

• elimination of deficiencies in existing flood protection measures;
• development of a joint (Federal and State level) financing strategy.

The ministerial conference further decided that as a matter of policy, the national flood protection
program should be based on the following concepts that will be underpinned by adequate measures
and projects:

• making room for rivers through the backwards re-location of dykes and the establishment of
additional polders allowing controlled flooding;

• maintaining and re-establishing the function of flood plains in the future through long-term spatial
management;

• this also includes reviewing design-flood criteria.

Recognizing further that effective flood protection in the general interest cannot be compromised by
singular interests, in July 2013 Saxony together with Bavaria brought forward a draft law on the accel-
eration of flood protection measures (Hochwasserbeschleunigungsgesetz) (Wiederaufbaustab Sachsen,
2013). In its essence, the law will lead to an accelerated administrative and legal process to plan and
implement flood protection measures without lengthy administrative procedures.
At the highest national political level, the national flood protection program has been taken into the

Coalition Contract of the Federal Government for its 18th legislation period stating that, under the over-
all coordination of the Federal Government, a national flood protection program will be elaborated in
cooperation with the Federal States. As stated above, the thrust of the program aims at the development
of supra-regional measures for preventive flood protection as well as the standardization of flood pro-
tection criteria in German river basins (Koalitionsvertrag, 2014).
The coalition contract also states that with respect to flood management the Elbe integrated river basin

management plan will be implemented with a balance between ecological and economic requirements.
Two other policy elements are important to mention as these are indispensable in integrated river basin
management in general and integrated flood risk management in particular:

• entering into an intensified dialog with riparian countries on flood protection; and
• considering the repercussions of integrated flood management practices on other sectors (including
agriculture, public and private infrastructure) and their own administrative and legislative frameworks;
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it is envisaged that a federal spatial management plan with common standards regarding flood hazard
areas, polders, etc., will be developed.

Policy at the level of the European Community

Building on the experiences of the Rhine and Elbe action plans and strongly advocated by the
Federal Government of Germany together with riparian countries, the European Commission put
in force a Directive on the assessment and management of flood risks (EC, 2007).
This Directive builds on policies on flood risk management that were communicated inter alia to the

European Parliament in 2004 (EC, 2004). This communication sets out the analysis and approach to
managing flood risks at the level of the European Community. The Directive also makes reference to
Directive 2000/60/EC (EC, 2000) that established Community action in the field of water policy, requir-
ing river basin management plans. These two Directives (EC, 2000, 2007) are the guiding directives for
Integrated River Basin Management in the overall context of Integrated Water Resources Management
(IWRM).
The introductory parts of the Directive (EC, 2007) provide a policy framework including:

• space for rivers;
• components of flood risk management plans;
• use of ‘best practice’ and ‘best available technologies’;
• coordination with riparian countries in transboundary river basins.

Within this policy framework, sub-policies have been adopted by the Commission including more
detailed instructions in the fields of:

• Preliminary Flood Risk Assessment;
• Flood Hazard and Flood Risk Maps;
• Flood Risk Management Plans and policy directives outlining;
• Implementation measures.

It needs to be noted that national and state flood policies and action plans (including the European
Flood Action Programme (2014)) and consequently the EC Directives were all triggered by disastrous
flood events; the EC (2004) Communication on Flood Risk Management cites as the starting point of its
inception that ‘Between 1998 and 2002, Europe suffered over 100 major damaging floods, including the
catastrophic floods along the Danube and Elbe rivers in 2002.’

Risk governance

The concept of risk governance is important as it involves the rational assessment of risks and ade-
quate administrative, institutional and legislative arrangements. In the case of the European Flood
Directive, the initiated planning process resembles the risk governance concept as described by the
International Risk Governance Council (Heintz et al., 2012).
Risk governance can consist of the four steps shown in Figure 5 (Heintz et al., 2012); risk evaluation

and risk management actions are then documented in Flood Risk Management (FRM) plans.
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Communication is the central element of risk governance with a focus on stakeholder participation at the
lowest appropriate level.

Successes and inadequacies

Successes

An ex-post analysis of the 2013 floods in comparison to the 2002 floods showed (Rickmeyer, 2014)
that, based on findings of the Federal Institute of Hydrology, Koblenz, Germany:

• Peak water levels of the main flood wave in the German part of the Elbe River would have been 20–75 cm
above the observed levels, if intended and unintended flood retention actions had not been in effect.

• Breaches of dykes and the controlled flooding of parts of the flood plains lowered the highest water
levels at the middle Elbe River between 34 and 46 cm.

• If the reservoirs in the Czech Republic and in the German state of Thuringia had had a higher retention
potential at that time, water levels could have been lowered between 20 and 66 cm along the German
part of the Elbe River.

Many of the actions envisaged in the IKSE Elbe Flood Protection Action Plan have been
implemented since 2003. However, if all measures planned had been implemented by the time of the
2013 flood, an additional lowering of the peak water levels in the middle Elbe could have been realized
in the order of 20–40 cm.

Fig. 5. Risk governance concept in flood management (Heintz et al., 2012).
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IKSE states (IKSE, 2012a, b) that the Elbe Flood Protection Action Plan has been validated as a useful
instrument in flood risk management. The implementation includedmainly structural and to a lesser degree
nonstructural measures in the policy framework of the Action Plan. The subsequently implemented
measures have resulted in an overall reduction of flood damages and losses and a significant reduction
in direct Federal aid for flood victims (Table 1). This has to be seen against the background that the
floods in 2013 were even more severe in the sense that the entire Elbe River Flood Basin was affected.
The overall success story is also due to the fact that legally non-binding policies such as those of the

IKSE Elbe Flood Protection Action Plan have been internalized in a political decision-making process
with inputs from all levels, from household level upwards through a host of interest groups. The second
positive factor has been that all political measures were fully backed within an existing (or amended)
legal framework at Federal and State level in concurrence with the EC Flood Directive.
Embedding flood management policies in a legal framework has been an asset in policy implemen-

tation. The Federal Act for the Improvement of Flood Prevention (5-Punkte Hochwasserartikelgesetz)
(Federal Act, 2004) is an example of progress made in legislation to promote integrated flood manage-
ment and in particular flood protection measures. The essence of the Federal Act consists of the
following five points:

• Joint flood protection program of the Federal Government and the Federal States.
• Cross-state action plans – International Professional Conference.
• Promote European Cooperation.
• Review river training works – develop inland navigation in an environment-friendly manner.
• Immediate actions for flood protection.

A particular point of the Federal Law is the adaptation of sector-laws to confirm with the objectives
and directions of the Federal Act. Some of these laws adapted in the Federal Act include:

• Federal Building Code;
• Spatial Planning Law;
• Federal Water Way Law;
• Law of the German Weather Service;
• Law regulating Environmental Assessments.

Some of the policies adopted for Integrated Flood Risk Management can be seen in a wider policy
framework to ensure the sustainability of flood protection measures.
In particular, sustainability policies can include (WWF, 2007):

• minimization of damage potential (reduction of value assets in high risk flood plains, removal of high
value assets where feasible);

• ensuring improved spatial water retention especially in areas where floods originate from;
• development of new retention areas, especially through the backwards re-location of dykes;
• generating synergies between different policies and laws.

From past flood events, one of the most important lessons learnt is to further improve self-help capa-
bilities of the potentially affected population, including flood risk awareness and best practices to adapt
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to and cope with risk. Included in self-help capabilities are flood-proofing of houses, taking flood insur-
ances, and improving community driven evacuation procedures amongst other measures. Best practices
can be adapted from experiences in other river basins in Germany, where the population is much more
adapted to ‘living with floods’, such as in the Rhine and Mosel river basins. An important tool to shar-
pen flood risk awareness is the availability of a flood risk information system (http://www.zuers-public.
de) where people can get information about the degree of flood hazards and risks. Such information is
meant to sharpen awareness of environmental risks and serve as an incentive for self-help activities. In
addition, German insurance companies use a geographical information system that allows the calcu-
lation of risks with regard to flooding, backwater storage and extreme precipitation.
The drive to strengthen self-help capabilities is critical in view of the increasing probability of the

recurrence of flood events with a high damage potential and the scarcity of public funds and resources
to pay for such damage in future.
Some of the successes in flood management during the floods in 2013 were not policy based

but opportunity driven. The Task Team Reconstruction, Free State of Saxony (Germany), (Wiederauf-
baustab, 2013) reported the outstanding role of social networks in the ad-hoc organization and
implementation of flood management actions, and especially the rapid deployment of both government
forces and volunteers to flood hot-spots where immediate help had been required. The important role of
social networks the organization of flood management actions during flood events is fully recognized
and plans are underway to make full use of them in support of information management as an important
component of flood management during critical situations.

Interactions at the political level. As outlined above, responsibilities for flood risk management at the
political level are distributed on federal, state and communal levels. This makes it difficult to agree on
policies, especially as it is necessary to balance different interests and differences in the perception of
which risks are acceptable and which are not. The positive side of this cumbersome process is that flood
management in Germany is a highly interactive, participatory process involving many governmental and
non-governmental agencies, academia, private industries and sector lobbies as well as the media and
individual citizens with far-reaching rights to agree or not to agree to planned flood management
measures in the planning phase. Often, it is the same people who are represented in different organiz-
ations and forums. All of this forms a very diverse community of stakeholders in flood management that
allows for lateral thinking beyond sectorial interests and the finding of flood management solutions to
which a majority can agree.

Communication and perception of risk. Clear communication of flood risk management is essential.
At the local level, the importance of communication has been clearly recognized. Since May 2008, a
web-based information service has been made available by the city of Dresden, showing interested citi-
zens potentially flooded areas in high resolution. The maps show flooded areas without showing the
effect of existing or planned flood protection structures. Therefore it is possible to also view areas
that may be flooded if flood protection structures should fail (Dresden, 2011). On the communal
level, ‘flood-partnerships’ have become more common in several federal states of Germany, where sev-
eral communities along a stretch of a river align in a partnership to discuss risk awareness, levels of
protection and actual measures.
Stakeholder involvement in flood risk management has the highest potential to minimize loss of lives

and livelihoods and property. Practical measures include – amongst others – awareness and education
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programs including risk-based information such as using flood hazard and flood risk maps (Dresden,
2011), promotion of risk-avoidance and practical exercises including evacuation drills.
In the Elbe River Basin (and other river basins in Germany as well) the communication of residual

risk is mainly achieved through risk awareness and risk-avoidance programs and training. Increasingly,
flood hazard and flood risk maps have been tailored to visually demonstrate to the potentially affected
population the areas and the degree of risk and also the residual risk, describing the consequences if (for
example) a flood protection dyke fails as a result of an extreme event that is beyond the commonly used
100 years exceedance period.
Especially at community level, the ‘As Low As Reasonably Practical’ (ALARP) principle (Abhas

et al., 2012) provides a useful framework to identify different levels of risk acceptance including accep-
table risk, tolerable risk and unacceptable risk from the viewpoint of societal risk perception. It is
therefore a valuable component in stakeholder participation in decision-making processes at the
lowest appropriate level of intervention. Examples are as follows:

• Acceptable risk: Flooding of extensively used agricultural areas; impaired access to other villages for
a given time, impaired mobility of persons and goods.

• Tolerable risk: Flooded roads, minor flooding of houses without major damages to buildings and property.
• Unacceptable risk: Loss of lives, flooding of industrial sites with the danger of spilling chemical, toxic
or radioactive substances; flooding of critical infrastructure including hospitals, power switching
stations, etc.

However, this includes only ‘first-order’ risks. The risk perception of cascading risks as mentioned
above is not well understood or reflected in flood management policies and practices.
The failure of flood protection infrastructure such as dykes is viewed as unacceptable but cannot be

ruled out totally. This is described as residual risk. It needs to be noted, however, that German society in
general is highly risk averse and what might be a tolerable risk in other countries may be viewed as
unacceptable in Germany.
To ensure coherent risk management amongst riparian countries, appropriate means for communi-

cation are addressed in Chapter V, article 10 of the EU Flood Directive.

Inadequacies in policy development and implementation

As was mentioned above, clear communication of flood risk management is essential. In Germany, it
is felt that policy makers need to provide clearer guidance as to which flood risk management measures
are expected and which direction future protection should take (Zurich Insurance, 2014b).
There is an overall striving to achieve a truly integrated and applicable flood risk management policy

in the Elbe River Basin. Much has been achieved, as outlined above. Due to a number of constraints –
some of which are mentioned above – there are, however, inadequacies in policy development and
implementation. Some of the root causes are outlined below.
One mainly political obstacle in the implementation of nonstructural measures in general, and the

extension of flood retention areas in particular, is the widespread local resistance to the establishment
of additional flood retention areas, including through the backwards re-location of dykes. This resistance
is quite often based on the particular interests of those who would be restrained in their economic activi-
ties in areas that are declared as flood plains.
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The Elbe Flood Protection Action Plan specifically mentions as a priority the backwards re-location
of dykes and the re-activation of flood plains and, in part, this has been achieved. In summing up, how-
ever, the main thrust is still in investments in the reinforcement of dykes where some 45% of dykes are
being reconstructed or reinforced, while the re-activation of floodplains amounts only to some 4–6% of
those currently active (BUND, 2007). As part of the implementation of the IKSE Elbe Flood Protection
Action Plan, dykes with a length of 513 km and reservoirs and polders for the improvement of flood
retention in the order of 71 million m³ have been constructed or reinforced (Socher, 2014). This
shows that the majority of investment was allocated for technical measures in flood protection. In a
wider context, the presently available flood plains amount to only 838 km² (14%) of the supposed orig-
inal active flood plains of the Elbe River, with an estimated extension of over 6,100 km². Even if all
currently planned backward re-locations of dykes were actually implemented, only 1% of the original
flood plains would be re-gained (WWF, 2007).
Although the existing legislation is forward orientedwith the aim to ensure effective integrated floodman-

agement practices, inadequacies exist in the applicability of specific laws and standing orders, as the complex
legal system has numerous opportunities to avoid actual measures in flood protection and management. The
main cause for this situation is that many laws have a wording that is not stringent enough and allows cir-
cumventing the actual intention of the laws to improve overall flood risk management. In this regard and
in view of the ongoing discussions, positions of different stakeholders are documented. Some of them
state that existing legislation is inadequately implemented in part because of an unabated industrialization
(and intensification) of agriculture, infrastructure at risk in flood plains and exemptions to land use restric-
tions including building in high risk areas, etc. These cases are good examples for sector-oriented policies
that are counter-productive for improved integrated flood riskmanagement as described above.WWF (2007)
stated that many existing laws and regulations are not formulated stringently enough to allow their enforce-
ment. BUND (2007) concluded that inadequate policy integration (in German: Politikintegration) is a root
cause for an overall deficient flood protection. In particular, the legal framework (such as the Federal Act for
the Improvement of Flood Prevention passed in 2005 could not establish legally binding conditions impor-
tant for flood protection as there are a number of exclusion rules or vague formulations that allow business as
usual, such as building activities and intensive land use in denominated flood plains.
With regard to the sustainability of flood protection measures, a particularly critical issue is the heigh-

tening of dykes in response to design-flood reviews (which is a policy objective, as shown above) under
a changing climate. While the immediate flood risk may be lowered and higher damages mitigated, the
residual risk over a longer time horizon as a result of catastrophic extreme flood events increases in the
case of a dyke failure. This would put even more lives, livelihoods and property at risk.
Public–private partnerships such as those between (local) governments, the private sector, the public

and insurers could encourage risk reduction and risk financing (Zurich Insurance, 2014a). Such new alli-
ances would need to be formulated in a policy framework. The actual forming of such alliances is still in
its infancy.

Key issues in flood risk management

• The case of flood risk management in the Elbe has shown, from its inception, that a cross-sectorial
formulation of an integrated flood risk management policy framework is indispensable to transform
policies into action.
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• These policies must be underpinned through an adequate legal system to make policies implementable
and enforceable.

• The political will for cooperation at all levels and with a multitude of stakeholders, including public,
private and academic institutions and organizations as well as riparian countries fosters the develop-
ment of consensus-based sustainable policies.

• Resource requirements can be huge, which will require a long-term perspective of putting policies into
action with multiple milestones established to monitor progress.

• Public flood risk awareness and largely improved flood risk information services including improved
flood forecasting are key to keep flood damage to a minimum.

• Policy development is often based on projected future conditions and derived requirements for flood risk
reduction. By themselves these policies are difficult to test for a priori sustainability and robustness.
Likewise, most of these policies, once implemented, cannot be reversed easily because of the high
costs involved. It is therefore advisable to verify policies in pilot projects such as those implemented
in the ELLA (Elbe-Labe Flood Management Strategy) project (ELLA, 2005; Bundesanstalt für
Gewässerkunde, 2006) and LABEL (Labe-Elbe Adaptation to Flood Risk) project (LABEL, 2012).

• Rebuilding efforts after floods without improved flood resilience are straining public resources. Closer
linkages with the insurance industry and public–private partnership could improve this situation
(Zurich, 2014a, b).

Research is another key issue that is often underestimated and, as a consequence of the Elbe flood in
2002, the national research program ‘Risk Management of Extreme Flood Events’ funded by the Federal
Ministry of Education and Research (BMBF) was initiated (Burek & Rademacher, 2009). Between 2005
and 2010, 38 projects were carried out with a total value of 20 million euros (Peterson, 2009). However,
there is a need for further research for flood risk reduction and an improved management of floods in a
river basin context (CHR-KHR, 2004). It is astonishing that, to date, there is no clearly communicated
‘research policy’ addressing research requirements in support of policy development and implemen-
tation. Needs for further research include:

• systematic examination and verification of basic data-material including hydrological, meteorological
and also socio-economic data;

• statistical analyses of trends and patterns in the hydrological cycle and flood events in particular;
• analysis of historical flood events;
• analysis and detection of changes or variability of weather patterns, cyclone tracks and related precipi-
tation extremes;

• improved modeling of flood events from their genesis down to the propagation of flood waves along
river stretches including tributaries;

• water-balance modeling of the catchment;
• scenario-based support to decision-making tools in support of policy development, adaptation and
implementation including the effect of changes in areas such as: demographic change, land use (agri-
culture), infrastructure, climate change;

• analyzing of the retention effects of existing or projected flood retention measures (structural and non-
structural) on particular flood events;

• emerging research needs may centre on improved information gathering and utilization of information
such as that gathered through crowd sourcing.
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Key policy messages for the regional and global community

• Policies need to be developed based on strategic targets and with a time horizon not less than 20 years.
• Policies should be developed building on the consensus of major stakeholders.
• Policy integration is of utmost importance: policies need to be developed and existing policies
adapted at different levels across sectors in such a way that those policies are mutually
complementary, non-contradictory and implementable to achieve improved integrated flood risk
management.

• Flexibility of policies should be maintained so that they can be adapted to overall changing
conditions.

• Policies should be anchored in legislative frameworks that can be enforced through by-laws, ordi-
nances (standing orders) and supporting administrative procedures.

• Policies should be implemented through action plans and projects on local, provincial, national and
international levels, as appropriate with the river basin as the planning and implementation unit.
The long-term availability of critical resources (such as through the development of a joint (Federal
and State level) financing strategy as mentioned above) needs to be ensured.

• Failure of policies in flood management can be very costly as a result of high investments and likewise
high costs in the reversal of implemented actions on the basis of a failed policy. It is therefore advi-
sable to ‘experiment’ with policies, such as through scenario-based impact studies and through
dedicated pilot projects in sub-basins to ensure the sustainability and robustness of policies to be
chosen.

• Development of policies to strengthen public private partnerships could go a long way to synergize
efforts by the public and private sectors towards risk reduction approaches. Likewise, in this respect,
a greater self-help capability (especially with a focus on a greater insurance penetration rate in the
potentially affected population), if set as a policy, would aim towards alleviation of public expenses
for flood damages while encouraging private partners to invest in building flood resilience through
adequate measures (such as flood-proving houses).

In a FLOOD-ERA Report for England and Scotland on the ‘systematization, evaluation and context
conditions of structural and nonstructural measures for flood risk reduction’ (CRUE, 2008), the authors
came up with two main lessons. From their study on policy contexts their conclusions are cited verbatim
as key policy measures, as these conclusions are fully applicable to the context of this paper with regard
to the Elbe flood policies:

‘The key lesson is that to fully comprehend flood risk management policy, and key policy decisions
concerning flood measures, it is necessary to ‘back up’ into higher, broader level policies of Govern-
ment where the roots of these policies exist and where the commitments to particular policy drives are
formulated. High level Government policies may reflect grass-roots ideas and initiatives, but the
strongest policy drive usually comes from the top downwards. Policies are translated into lower
level policies via policy documents and signals emanating mainly from Government, with Govern-
ment seeking to detect lower level concerns which may influence the policy agenda. A second key
lesson is that in order to promote non-structural flood measures, it is often necessary in the first
instance to inject germane ideas at much higher levels of policy.’
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Conclusions

The case of the Elbe River flood risk management efforts demonstrates that the development of
coherent policies on the basis of stakeholder consultations is a promising way forward to transform pol-
icies into actions. Based especially on the relative success of the IKSE Elbe Flood Protection Action
Plan, it can be shown that the development of flood risk management policies has to be seen as a process
that includes international cooperation with riparian countries as well as cooperation between the
German Federal States and the German Federal Government on one side and policy development at
the level of the European Community on the other. The concept of policy integration in a cross-sectorial
manner as well as embedding polices in a legal framework are key to make policies actionable. Non-
structural measures have largely been left behind in policy implementation, in particular the ‘room
for the rivers’ policy and backwards re-location of dykes in synergy with the environmental policy
of ecologically healthy rivers and flood plains. Policy integration is of utmost importance: policies
need to be developed and existing policies be adapted at different levels across sectors in such a way
that those policies are mutually complementary, non-contradictory and implementable to achieve
improved integrated flood risk management. Research policies are not visible in a way that research
results would influence the development of policies and their implementation. Lessons learnt from
the 2002 and 2013 Elbe floods also show that legal frameworks need to be more stringent at Federal
and States level to improve policy implementation.
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Abstract

Flood protection is an integral part of society’s development. Meeting a growing vulnerability in the context of
geopolitical and global changes, existing systems of natural hazard management must be reviewed on a regular
basis. This is illustrated well by Bavaria’s recent history. The lessons from the big floods in the period of
1999–2013 led to a fundamental modification of Bavaria’s integral flood protection strategy. The concepts of
flood risk management, resilience and dealing with extreme flood events which exceed standard structural
design limits came to the fore. Management of flash floods and other floods, handling of potential retention
areas, the inclusion of insurance, resettlement, and the burden of maintenance are further challenges which are
briefly addressed in this paper.

Keywords: Bavaria; Danube; EU Floods Directive; Flood protection; Maintenance; Resilience; Risk
management; Torrents

1. Introduction

1.1. Water as a public good and a basic public safety issue

Water resource management touches upon basic safety issues: drinking water and nutrition, water as a
hygiene factor, water as an eco-system and especially as a natural hazard posing a direct threat to
humans (as well as to all the aforementioned water issues).
As a gravimetric element, it links all of society with an array of circumstances upriver and downriver

alike. Water comes to everyone. Everyone can benefit from good management and suffer from poor
management. That is why water management in general and especially flood protection are special
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essential public services, and a component of the basic protection strategy falling under a state’s funda-
mental responsibility. That is why, above all else, the duty of those involved in politics and
administration is to derive strategies to the best of their knowledge and abilities, that will be fair and
preventative in nature, in the spirit of sustainable policies.
Doing so, however, involves both centralised and decentralised components. A state’s water manage-

ment is subject to both national and international frameworks (in this case, German and European), as
well as regional and local ones. Within the scope of good governance, execution of the strategy will
always have components that are both of a sovereign/public nature, i.e. resting on the state and commu-
nity, as well as of a private sector nature, i.e. private industry, institutional and individual. The reality, of
course, is always on site.

1.2. Outstanding characteristics of EU water policy

Attempts to provide flood protection are as old as hydraulic engineering itself. Bavaria has been
investing in natural hazard management for more than 200 years within the scope of strategic state
water management. There have always been floods, yet the striking frequency of the events from
1999 to 2013 after nearly 30 years of having only a few flood events has revealed weak points. Not
only has the number of protective structures been increasing due to ongoing investments, but also
our technological society has apparently grown more sensitive, with damage constantly rising year
on year as put forward by insurance organisations and statistics (MunichRe, 2014). The time series
on which flood protection structural design is based are comparatively brief, with uncertainties addition-
ally being cast due to climate change predictions.
What is helpful is the great amount of knowledge gained as a consequence of the establishment

of European norms. To that end, the EU Water Framework Directive (2000) and EU Floods Direc-
tive (2007) have yielded integral approaches representing an outstanding basis for sustainable water
management. However, that does not mean that we have learned all we need to know – on the
contrary!

2. Brief description of Bavaria

Bavaria is a water region, and more than 100,000 km of streams and rivers flow through it (Table 1).
Bavaria is internationally active in water management.
The State of Bavaria actively fosters mutual water policies in Europe as a member of inter-

national water commissions (Danube, Elbe, Rhine, Lake Constance) and consortia (Arge Alp,
Arge Alpen-Adria). Moreover, Bavaria’s water economy recognises its obligation to pass on its
knowledge and experience not only within the context of these international organisations, but
also in bilateral projects with states and regions interested in the model shaped in Bavaria of
integral state water management based upon sustainability criteria. This obligation is simul-
taneously an opportunity: an opportunity to implement practice-proven Bavarian environmental
technology in order to improve environmental and living conditions in these regions, thereby gar-
nering mutual experience while also securing and enhancing Bavaria as a home for business and
science.
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3. Flood cluster 1999–2013

The period from the 1960s to the 1990s is considered in Europe as well as in Bavaria to be a periodwith few
flood events. Therewere, of course, extreme local events ofHQ1002 dimensions, but no sweeping catastrophic
floods. That changed in Bavaria with the flood of 1999, where heavy rain in the Alpine foothills caused heavy
damage, e.g. along the Danube after the dyke breach near Neustadt. In 2005, billions of euros of damage were
caused again due to rain, this time in the western Alpine region. In early June 2013, vast areas of Bavaria, this
time both theAlpine region and northernBavariawere hit by amassive flood event causing around €1.3 billion
of damage (Figure 1). The last floodwas an extreme event with regard to its duration, geographic coverage and
exceedingly high peak discharges. At some locations, the peak discharges were the highest ever recorded and
reached or even surpassed the structural design limits of the flood protection systems.
As is often the case, this large-scale event occurred in the ‘third wave’:

• InMay 2013, 25 days of rainwith an aggregate high level of relatively constant rainfall led to a high level
of pre-saturation in the soil. Local flooding was then followed by flood water on a moderate scale.

• Then came further intensive rainfall throughout all of eastern Bavaria from 30 May to 3 June,
especially in the Alps, at times corresponding to a rain event well over a 100-year event for durations
of 72–96 h.

The water level rose sharply, especially in the southern Danube basin, at times above the level of a
100-year event. Thus, only a relatively short period of time after the floods of 1999, 2002 and 2005,

Table 1. Key numbers concerning the Bavarian water region.

• Area of Bavaria 70,550 km2

• Gross Domestic Product (GDP) (as of 2013): €488 billion1

• Residents (as of 31 December 2011): 12,595,891
• Administrative communities: 2,056
• total length of all bodies of water (rivers): approx. 100,000 km, of which first-order (large, trans-regionally important)
4,200 km; second order (regionally important) 4,800 km

• Number of larger natural lakes: 150; total area: 270 km2

• State dams and flood control basins: 25
• Hydro power plants: approx. 4,200
• Water cycle: average annual precipitation in Bavaria: 939 mm (south max: 2000 mm, north min. 450 mm), runoff 422 mm,
evaporation 517 mm

• Highest point: Zugspitze at 2962 mNN (metres above sea level); Lowest point: Main 102 mNN, Danube 280 mNN
• Public water supply (as of 2010): percentage connected 99.1%, potable water protection areas approx. 3,250, i.e. ∼4.6% of
Bavaria’s area (national territory in Germany: ∼12%)

• Waste water disposal: 96.4% of residents have a connection to the 2,669 waste water treatment plants (as of 2010)
• Hundreds of hydrography measurement points along surface waters and in the ground water for monitoring level
qualitatively and quantitatively

1 Billion¼�109.
2 HQ100 describes a flood with a recurrence probability of 100 years: ‘a 100-year flood’. This is the standard design flood in
Bavaria.
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another catastrophic event occurred. While the geographical focal points of the events do vary greatly,
this series of events can indeed by classified as a flood cluster which may even be marked by weather
changes caused by climate change.

4. Lessons learned following the large-scale floods of 1999–2013

Despite all the damage and problems, the existing flood protection installations in place in Bavaria
fundamentally proved themselves. The investments made over past years were well placed. This

Fig. 1. Affected river sections in the May/June 2013 flood.
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made it possible to prevent damage of a much larger scale; the Bavarian administration estimates the
ratio of investment in flood protection to damage prevention to be ∼1:4 to 1:7. Even when taking capital
costs into consideration, the financial calculation remains positive, not to mention the prevented human
suffering – floods traumatise people in a significant manner.
An assessment of flooding consequences reveals a few significant characteristics:

• In 2005 and 2013, many systems – especially dykes – were subjected to significant overload (flood
discharge .. structural design discharge). Many of these systems successfully withstood this over-
load due to high safety design margins. Other systems, although overrun, still withstood the overload
and significantly helped the mitigation of the damage. Several systems, however, did fail and were
completely eroded.

• All flood protection systems meeting today’s flood design standards and providing protection against
a 100-year event withstood the 2013 events. However, this was frequently the case with full exhaus-
tion of safety heights and occasionally structural damage to the system.

• Damage was largely incurred along river sections that were not yet protected or not sufficiently pro-
tected: either because installations were not yet developed to HQ100 or because the river was
calculated to withstand the HQ100 discharge (and was then overloaded by an HQ 300–500). The
worst damage was the result of sudden and/or complete (eroding) failure of flood protection
installations.

• In 2005 and 2013, the controlled retention areas (especially state reservoirs) made a large contribution
to damage prevention. At approximately 100 million m3, the Sylvenstein Dam alone helped prevent
billions of euros of damage in Munich.

• The collaboration between all parties (administrations and crisis intervention staff) throughout the
course of the event was excellent. Good weather forecasts and solid preparation contributed to that
end.

• There were minimal cases of deficits in flood predictions and flood warnings, where real conditions
‘overran’ model scenarios, or where catastrophic events destroyed river gauges or cut-off power
supplies, thereby cutting off communication.

The extreme flooding seen in June 2013 once again explicitly underscored the importance of having
modern and effective flood protection in order to protect the population and avoid economic damage,
additionally illuminating how decisive a society’s systemic ability to react is. In the aftermath of the
flooding, the tremendous solidarity and willingness to help, seen throughout Bavaria and Germany
was remarkable. €8 billion in assistance came for the federal and state government for rebuilding.
Statements that can be made as a first conclusion based on recent experiences include the following:

• Statistically calculated flood events (design discharge) occur irregularly, yet they certainly do occur.
Timely investment and preparation avoids enormous consequential costs.

• Mega events that far exceed HQ 100 can occur. Despite all endeavours carried out with technical pro-
tection systems and preventative measures, safety against flooding is always only possible to a limited
extent. A residual risk will always remain and cannot be remediated regardless of the expenditure
made.

• This residual risk can only be reduced through individual action: assuming individual responsibility in
making provisions and correct action in a crisis situation can make a significant contribution to
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reducing damage. Modern integrated flood protection and flood risk management is therefore a duty
spanning across multiple departments and fields (development planning, settlement policy, location
and risk mitigation in business and agriculture, the insurance industry).

• After events of this nature, it is necessary to fully evaluate and improve the flood prediction models
implemented. Interfaces are found in precipitation forecast based on location and volume, discharge
measurement during extreme events and cross-border collaboration.

• The interplay among the four principle factors contributing to river discharge (precipitation, runoff,
channel hydraulics and wave superposition) is partially non-linear and cannot be determined with
intuitive cause and effect presumptions. This is especially recognised in the philosophical dispute
between ‘natural’ vs ‘technical’ flood protection.

• Instead of pure protection, it is important to think about the resilience of protection systems in the face
of extreme events. The focus here is on systemic and precise overload stability (system and sub-
systems).

• Flooding has illustrated once again that flood protection systems not only have to be well planned and
executed, but also well maintained. Ensuring they are in a solid, functional state is a permanent task of
growing dimensions.

• Quality in flood protection is yielded by the sum of the qualities found among the personnel involved.

Based on this information, several fundamental positions and insights will be examined in detail for
the purpose of illustration.

4.1. Universal strategy in dealing with flooding

For more than 200 years, state flood protection has been actively carried out along Bavarian rivers in
line with modern criteria (Wiebeking, 1817). New information and technical advancements have trig-
gered more and more adjustments in the fundamental protection strategy. After the flood during
Pentecost 1999, the Bavarian Cabinet enacted the ‘Flood Water Action Programme 2020 – for sustain-
able flood protection in Bavaria’. It lays out a specialised strategic orientation for flood protection, as
well as a framework for finances and time for implementation. The Action Programme 2020 (AP
2020; see: http://www.lfu.bayern.de/wasser/hw_aktionsprogramm_2020/index.htm) follows an integral,
pioneering protection strategy consisting of three (equal) fields of action:

• natural retention;
• technical flood protection; and
• prevention and extended precautionary action against flooding.

This means that it represents a new level of quality in integral protection strategy all over Bavaria. It
spells out investments of €115 million per year, to a total €2.3 billion. This has made it possible to pro-
tect an additional population exceeding 400,000 residents along first-order and second-order bodies of
water against 100-year floods. Many of these measures have already proven their value multiple times
and avoided enormous damage on multiple occasions. Several of the implemented measures displayed
their effectiveness in an impressive manner during the flooding of June 2013.
This three-pillar strategy continues to be current and also facilitates the implementation of recent

knowledge gains. The enhancements described below largely pertain to enhanced system observations,
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the inclusion of complex, non-linear factors and better quantification of influential factors that are fre-
quently only made possible by modern computing.

4.2. Flood risk management

For many generations, people spoke of ‘flood clearing’. This term is no longer suitable in light of
current knowledge regarding the systemically established limits to active protection against natural
hazards. Flood risk management is aimed at organised/systematic and balanced handling of flooding
that significantly reduces damage with tailored utilisation and action in consideration of the residual
risks. Specifically, effective handling of flood water means more than simply setting up technical pro-
tective structures. Rather, it is necessary to develop an integral strategy and also to take into
consideration aspects like effectiveness, efficiency and suitability against the background of probability
(and unpredictability) of rare extreme events and the resulting overload on protection systems. Another
aspect to flood risk management of this kind is that various fields collaborate in a cross-border and
multi-disciplinary manner. Examples of the fields involved here include water management, land use,
nature conservation, local hazard control and disaster prevention.
Flood risk management encompasses all phases before, during and after flooding. It can therefore be

understood as an ongoing cycle dependent upon time (Figure 2).
Thus, addressing flood risk is not a one-time task, but rather a process consisting of various phases

that have to be run through on a regular basis.

Fig. 2. Flood risk management cycle.
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The revision to the first flood risk management plans for Bavaria stipulated in the EU Floods Direc-
tive (2007) was designed to introduce and permanently establish systematic flood risk dialogue. Only
those who are aware of the hazards and risks will be capable of implementing effective provisions
and acting correctly in the event of a serious incident. This applies for all actors – from state, city
and community governments, to those responsible for infrastructures covering several regions, to indus-
trial and commercial operations, and each individual citizen.
The foundation for constructive risk dialogue consists of maps visualising the hazards and risks to the

public in a comprehensible manner. Risk dialogue is carried out on a local level between cities and com-
munities, water management agencies and district administration offices in their capacity as disaster
prevention agencies.

4.3. Tailoring the strategy to Bavaria – from AP 2020 to AP 2020plus

In light of the flood events in June 2013, Bavaria re-adjusted the cornerstones of flood water protec-
tion in Bavaria with the current ‘Flood Water Protection Action Programme 2020plus’ (AP 2020plus).
AP 2020plus is a logical continuation of AP 2020 based on flood risk management. This is expressed in
Figure 3, which integrates AP 2020plus with the risk management cycle.

4.3.1. Organisational adjustments. To start, the terms ‘risk’ and ‘risk cycle’ better reflect legislative
developments from the EU Floods Directive (2007), which was implemented into national law in 2010.

Fig. 3. Elements of the Action Programme 2020plus.
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Another element of AP 2020plus is better financing and staffing. In the future, there are plans to pro-
vide €150 million instead of €115 million for implementation of AP 2020plus. Additionally, plans were
passed in February 2014 for a special programme for flood protection on the Danube featuring an aggre-
gate €600 million. When accounting for the higher expenditures made to date (compared to the
€115 million/year planned), this means that the AP 2020 and AP 2020plus financial volume for
flood protection is increasing from €2.3 billion to €3.4 billion. Moreover, reductions in flood protection
staffing have been halted, with an initial 150 new positions created – to be staffed up to 2022.
One of the big challenges for the future consists of the large inventory of flood protection installations

and dams, as well as structures designed to protect against torrent hazards. The replacement value for
state hydraulic engineering structures in Bavaria is estimated at €10 billion. These installations require
regular monitoring, maintenance and, when necessary, restoration. This overall required effort grows
with each new structure.

4.3.2. Technical/operational improvements. Additionally, AP 2020plus lays out technical/operational
improvements and enhancements in all fields of flood risk management. Select examples are:

• further improvements in notification and warning services (www.naturgefahren.bayern.de) including
improvement in flood forecasting;

• investing in risk dialogue (in line with implementation of the EU Floods Directive);
• adoption of design and construction of protection systems also based on resilience criteria;
• determination of flooding regions in further river sections.

The following will address and detail the core points in the technical/operational adjustments to pro-
tective measures.

4.3.3. Overload and systemic reinforcement of resilience. The June flooding displayed once again the
catastrophic consequences of dyke breaches, especially along the Danube. The affected dykes there
were not designed to accommodate a 100-year event and were overloaded. However, this particular
example also makes it clear that flood protection has its limits and that there will always be a residual
risk. Overload can occur anywhere any time, regardless of the statistical flood parameters used to
design and build protective structures; an even larger event can occur at any time. In addition to
‘the ability to resist external influences’, the term resilience also has more complex characteristics.
Over time, systems typically develop through growth and are stable up to a certain point. After this
point a sudden decline occurs, if the decline is not prevented via early intervention and renewal – an
allegory for the upkeep of installations. When systems transgress their threshold, they fall into a new
stable state: a dyke is flooded, eroded and ‘disappears’. Ultimately, all systems are comprised of
superordinate and subordinate sub-systems. The resilience in each sub-system corresponds to the superor-
dinate and subordinate sub-systems, i.e. it is influenced by them while also influencing them (Walker &
Salt, 2006).
The lesson to be learned here for flood protection is that, in the event of overloading, there will be

further influences, such as ageing of systems, sub-optimal control and criminal acts rendering it imposs-
ible to completely prevent damage. However, it makes a huge difference whether an installation totally
fails and collapses in the event of overload, or survives the overloading and thus continues to provide a
partial protection function. Taking a dyke as an example: the damage is much lower when the water
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level behind the dyke (polder) rises only slowly with lower momentum, giving additional warning time.
In addition, after flood wave peak(s), overflow into polders ceases quickly when dykes are still in place.
Ultimately, the degree of protection is maintained during subsequent flood waves, and the polder is not
left defenceless.
The resilience of one single sub-system or of the superordinate system (e.g. river section, body of

water) can be improved through constructive measures on various planning levels, with construction
details to the aggregate system (Figure 4). The following mutually complementing options come into
consideration.

• Structural safety: selection of fundamentally overloadable and therefore resilient construction methods
and structures, e.g. flood protection walls, anti-erosion dykes (e.g. sheet piling and geotextiles) and
dyke sections designed to allow overflow. When it comes to dams, these kinds of relief systems

Fig. 4. Principal outline for potential components of resilient protection systems.
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(spillways) have long been standard due to their better ability to take on damage. However, this also
includes redundant power supply, capacity for manual operation and sufficient personnel with regards
to numbers and training.

• Systemic safety: conceptualisation of overloadable and therefore resilient protection systems; the resi-
lience of the individual structures is complemented with supplemental elements, such as natural
retention spaces, relief sections, flood polders and further dykes (transversal dykes). This makes it
possible to either retain a design flood longer, or at least to provide partial relief due to volume
reduction.

• In combination with the 15% climate increment on the HQ100 design discharge introduced through-
out all of Bavaria back in 2005, safety has significantly increased in situations involving design flood
levels and beyond.

• The residual risk remaining can be further reduced with management measures. It can be reduced in
these areas with further prevention measures, e.g. through personnel planning in disaster prevention
organisations, voluntary adjustment to utilisations and elemental damage insurance. Warning systems
include stable forecast models, anti-flood measuring and monitoring systems as well as the preparation
of individual decision channels in the event that central management is lost (contingency strategy for
management, etc.).

It is under these conditions, and only under these conditions, that the elevated degree of utilisation
necessarily yielded by the improved protection level will not result in greater systemic susceptibility.

4.3.4. Installation safety and resilience. Flood protection installations are generally complex systems
built using cement, steel and/or earthworks requiring substantial expenditure for planning, construction
and operation. Before these structures are built, extensive planning and legal procedures are usually car-
ried out and financial issues are clarified, generally involving contributions from the communities and
cities being protected.
Upon completion of the installations, the citizens in question expect an extremely high level of pro-

tection, in most cases absolutely fail-safe protection against flood hazards. Since safety installations only
seldom have to display their suitability for use, and when they do it is during flood events, it is not poss-
ible to perform a long, staged ‘trial back-up’ to observe the structure’s performance and discover
potential weak points requiring improvement (one exception to this being dams and flood detention
reservoirs subjected to systematic load increases under ‘normal’ discharge conditions via a trial back-
up programme).
Thus, flood protection installations need to be constructed such that they deliver a high degree of

inherent safety. This can be achieved through the selection of building materials, through reserves in
load assumptions, through sufficient freeboard measurement, and through subsidiaries for hydrological
parameters (e.g. in Bavaria, 15% increment on HQ100), etc. This makes it possible to render earthwork
structures, at risk of being overrun in the event of overload, resilient with surface erosion protection or
with additional sealing within the dyke (earth/soil concrete, diaphragm wall, sheet pile wall), thereby
providing protection against sudden structural failure. The relief options laid out in the relevant
norms regarding protection of the aggregate system against sudden failure (intake structures) are gener-
ally ‘secured by sealing them with sand bags’ (not intended when designed and thereby robbed of their
function). This makes resilience all the more important, i.e. the ability of flood protection installations to
provide protection against failures in the sense of the threat of overload. Damage to installations and
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protective materials is unavoidable even when subject to loads accounted for in the design. What is
important here is that sudden failure in protection systems and the corresponding catastrophic conse-
quences can be hindered and that the flood levels remain under control.
In contrast to classic flood protection installations, dams and large river barrages represent a constant

potential hazard with their high permanent water level above the surrounding terrain. That is why these
large-scale water installations are built with particularly reliable design, equipped with safety margins
laid out in the current applicable norms (design discharge, freeboard, failure in outlet culverts (n-1
case)) or are retrofits of older installations as needed, operated by specialist personnel and carefully
monitored. Timely assessment of measured values and observations, separation between in-house and
third-party monitoring, annual safety reports on the current state of the installation including any
changes, as well as detailed checks of the entire installation approximately every 15 years guarantee
a high level of safety in Bavaria’s dams and water reservoirs.
When abnormalities in installations are recognised, punctual counter measures are implemented in

order to maintain the overall high safety level. The State of Bavaria makes considerable expenditures
to that end. Dedicated retrofit projects are contracted for older rivers dams and have been implemented
for the first time in order to bring those dams back into the desired state without interrupting operation or
restricting functionality. One example for these kinds of measures is the successful construction
measures on the Sylvenstein Dam, carried out from 1994 to date (the retrofit of a pore water pressure
monitoring network in the dam’s body, construction of a second spillway, dam raising by 3 m, construc-
tion of a diaphragm wall in the dam core, insertion of an inspection gallery, and construction of a new
seepage measurement system inside the dam).
Big gains are consistently being made in knowledge regarding technology and systems in all fields.

Paradoxically, this knowledge is also shedding light on the recognised requirements. An evolution in
efficiency alone is no longer sufficient, especially when doing so removes redundancies that were indis-
pensable to the system’s resilience. This is why research and development needs to be supplemented
with components for sustainable system stability.

4.3.5. Effects on discharge in large rivers. The underlying concept of Integrated Water Resources
Management is to observe the whole drainage basin as an effects matrix. Through observation and cal-
culation, we have now learned that the runoff taking place within a typical drainage basin is anything but
trivial:

• Rainfall is difficult to forecast and varies in intensity, duration and pull direction.
• Runoff is influenced by the surface structure as a function of gradient, relief, vegetation and infiltra-
tion rate or surface sealing – here too, times are dependent upon vegetation, frost and rate of saturation
from past rain.

• In the main channel flow and the forelands the discharge is influenced by gradient, discharge coeffi-
cients and retention capacities.

• One component that is typically non-linear consists of the estuaries of larger tributaries.

The sum of the non-linear overlapping in these four transient and dynamic components makes pre-
dicting effects extraordinarily difficult. Even generally evident assumptions such as ‘more retention
area is always good’ and ‘discharge acceleration is always bad’ may be incorrect. Taking the Danube
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River near Passau as an example, discharge delays due to retention can indeed lead to undesired wave
overlapping with the Danube’s normal wave.
Thus, it can be presumed that every river system has its own character, even when properties such as

the drainage basin and runoff appear to be similar. In order to make statements regarding the effect of
flood protection measures beyond the general hydro-engineering assumption, the Bavarian Danube
(Bavarian watershed area of 4,047 to 77,023 km2, HQ100 from 513 to 8800 m3/s) was modelled, includ-
ing its historical, current and potential retention space using complex two-dimensional hydraulics. This
is possible today because both geo data as well as hydraulic modelling are resolvable with state of the art
technology. One preliminary result of these studies – which are still underway – on a 260-km stretch of
the Danube river between the Iller estuary and Straubing (Rutschmann, 2013) is that several established
assumptions have been confirmed and that new knowledge has been generated:

• Reactivation of natural linear retention spaces. An analysis of the natural retention areas historically
present along the Bavarian Danube shows that relining retention areas during larger flood events
hardly has an effect on flood water wave height. Dyke relocations yield a lower level locally (broader
flow) and a certain delay in the discharge wave when there are several of them (see Section 4.3.6).

• Cultivating river barrages. Observations on pre-sinking followed by higher backwater level in river
barrages (for example, Geisling and Straubing barrages) show that the additional retention volume
created by pre-sinking largely fills the impounding again, with average volume/discharge conditions
(m3 retention volume/m3/s discharge) right when the Danube’s HQ100 wave arrives. It may be poss-
ible to implement tailored management strategies at various Danube backwater levels in the event of
flooding as general support. However, this is no replacement for manageable flood polders. Potential
effects of pre-sinking on wave overlapping taking place downstream must be observed.

• A much higher effect can be yielded (under the same retention volume) by non-linear (i.e. with
intake barrier, i.e. summer dykes) and controlled retention areas in return, as they influence flood
peaks in a targeted manner. An individual effect analysis at the 12 potential flood polder sites
reveals that each site can make a significant contribution of approximately 30 km through local
relief (peak reduction).

• Positive effects were evidenced on a trans-regional scale as well. The extent and range of the respect-
ive apex reduction are of course dependent upon multiple general conditions, including the usable
retention volume, site location, and interaction between river and floodplain areas. However, the
respective hydrological scenarios involving location and duration of the rains causing the flooding
and the interplay among multiple relief processes are highly decisive for the trans-regional effect
and vary highly in their degree of effect. The effects matrix is complicated at very the least, if not
complex in a non-linear manner.

This means it will not be sufficient to create larger manageable retention options in just one Danube
section in order to react flexibly to any respective flooding situation. Larger controllable retention spaces
should be created in each related hydrological river section, i.e. between the estuaries of the tributaries
affecting river discharge. A combination of controlled flood polders in one respective Danube section
(about 50–60 km) has proved to be particularly effective. The reducing of flood wave peak(s) has to be
repeated on a regular basis along its course, in order to attain a trans-regional effect.
Volume observations have clearly shown that the minimum volume required to attain a certain cap-

ping percentage in wave peaks increases significantly from section to section along the course of the
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Danube. In the flood events observed, for example, attaining a reduction in the discharge peak of 10% in
the Danube section between the Iller and the Lech estuaries (reference level: Donauwörth) required at
least 10 million m3, in the Danube section between Lech and Naab/Regen estuary (reference level:
Ingolstadt) at least 20 million m3, and in the section between the Regen and Isar estuaries (reference
level: Schwabelweis) over 40 million m3. This represents the minimum volume needed for optimal cap-
ping. As regards interaction with other retention effects, such as the marsh upstream from Donauwörth,
significantly higher volumes may be necessary depending on the flood polder site.
The prioritisation of the individual sites based on the flood polder effect and the illumination of

additional aspects provide decision-making assistance that can be used to select the flood polder sites
in the next planning step. The flood polder site with top priority in the two Danube sections named
above bears a high level of conflict potential in other fields, especially nature conservation. This is
why it is recommended to include an additional alternative site in further planning steps.
Based on the findings from this study (Rutschmann, 2013), it is recommended to proceed as follows:

• Danube section Iller to Lech estuary. In this section, the flood polder sites Höchstädt and Schwennin-
gen rank best in prioritisation. Feasibility studies should be contracted for these sites. They are both in
the vicinity of the high population area, Donauwörth, and can be controlled even when there is
extreme Lech influx when needed. At least one of these two flood polders should be implemented
over the medium-term. Upstream, a marsh also quasi represents a flow polder that activates additional
retention volume under extreme discharge due to increased channelling out.

• Lech to Naab/Regen estuary. The construction of the flood polder in Riedensheim was due to com-
mence in early 2015. Additionally, feasibility studies will be performed for the Bertoldsheim flood
polder site (performs best in the prioritisation) as well as for the Großmehring site (location similar
to Katzau, for which a study is already available; see below). Over the medium term, at least one
further flood polder should be built in addition to Riedensheim.

• Regen to Isar estuary. In order to attain an effect in this section similar to the upstream Danube sec-
tions, the flood polders of Wörthhof and Eltheim will also need to be implemented in addition to the
flood polder Öberauer Schleife, which is already in planning. Hence, a feasibility study should be
commissioned for both sites.

All sites suggested for future polder projects should be legally secured in a timely manner. It is also
recommended to secure the remaining three sites in the most upstream Danube section as well in order
to keep options open for the future.
The suggested controlled flood polders (at least one in the Iller to Lech zone, at least two in the Lech

to Naab/Regen zone and all three in the Regen to Isar zone) will make it possible to establish effective
elements for flood management delivering significant relief for the existing flood protection installations
along the Danube, thereby reducing the residual risk. Alongside the other elements, e.g. overflow sec-
tions and erosion-resistant dykes, they should be viewed as a component for attaining resilient safety
systems along the Bavarian Danube.

4.3.6. Wider verses higher. Political discourse often addresses the assumption that ‘natural’ measures,
especially natural river retention, can be used to hinder flooding, or conversely that expanding the river
has increased the size of flood waves. This is only true in part, as the derivations in the following will
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illustrate: until around 1800, the Danube flowed in constantly changing curves and streams in a riverbed
that was kilometres in width (Figure 5).
This is why a channelisation was performed on the Bavarian Danube between 1806 and 1867. The

corrective measures lowered the river as planned. Additionally, at the start of the 20th century, dykes
were erected along the river. The flooding that used to take place throughout the entire Danube
valley now only occurs to an extremely limited extent. In order to stop the continued lowering of the
river bed, barrages were erected on the Bavarian Danube, which also served the purpose of energy gen-
eration. Several barrages are designed such that natural inundation can still take place when water levels
are high.
Despite this, huge retention space has been lost along the Danube due to the river channelisation and

the barrages. Today between Ulm and Straubing, around 330 million m3 less retention volume is acti-
vated than was the case 200 years ago during an HQ100 event.
In order to evaluate the effects the river channelisation has had on the spread of flood waves along the

Danube, the Bavarian Danube Valley was modelled in its historical state in order to research the effects
the river correction had on the spread of high water waves. To that end, a land model was produced with
the help of historical maps to reproduce the Danube from the year 1800. With the help of two-dimen-
sional hydro-dynamic numerical simulation, various flood events were computed and the spread of high
water waves was evaluated.
The studies of the historical Danube show that nearly the entire Danube Valley was available as a

floodplain/retention area prior to the channelisation. The result from the calculations (base: Pentecost
flood 1999) shows that the retention volume between New-Ulm and Straubing reduced by approxi-
mately 330 million m3 compared to the historical values; however, this has had hardly any influence
on the height of the flood peak, which is remarkable. Compared with the historical scenarios, however,
it can be demonstrated that today’s status yields a significant accelerated flood wave on the Danube,
which can have effects on overlapping with flood waves from the Danube tributaries. Historically smal-
ler events were also better dampened.
Based on the knowledge available to us today, we assume the following general properties: in larger

water bodies, the dyke relocations largely reduce the local water level by removing bottlenecks and

Fig. 5. Danube correction – channels planned at the start of the 19th century.
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enlarging cross-sections for discharge. However, no nominal effects on an HQ100 peak are yielded down-
river. Newly acquired retention space is usually inundated even in the event of smaller events and/or as
flood water rises, and is therefore hardly available any more for capping and/or retaining high water
peaks. In smaller rivers, these kinds of dyke relocations can also represent a component to preventative
flood protection with effects on the height of the flood peak. However, the effect drops as the intensity
of the flood event rises. The ratio between the volume of the flood wave and the activated retention
volume is decisive for the effect on discharge reduction. The volume of the flood wave increases along
with the size of the catchment area. Thus, the positive effects of dyke relocations (reduction in flood
peak) decrease as the size of the catchment area increases. Thus, HQ100 protection according to plan
cannot be implemented by solely relocating dykes in upstream river sections.
This is why the immediate reasons for dyke relocations are usually ecological aspects, such as tar-

geted water meadow cultivation and synergies with nature conservation aims.
Irrespective of this, it is urgently recommended – given our anthropogenically moulded system – to

retain all inundation zones (maintenance of retention areas) and relief modifications (this also includes
the drying of wet zones) still available, and to reduce or stop land utilisation.

4.3.7. Flood prognosis and forecast. Timely warning of flood events avoids damage and saves lives.
Since 1890, a flood warning service (HND, Hochwassernachrichtendienst) has worked to avert flooding
and ice hazards in rivers and levels in Bavaria, as laid out in flood notification plans. The core tasks of
‘measure’, ‘report’ and ‘warn’ have remained unchanged to date. However, today’s technical capabili-
ties are revolutionary compared to those in the beginning. Our information age expects reliable
information to be available at all times, everywhere and via all media. The HND in Bavaria endeavours
to meet these requirements to the best extent possible, receiving support from an optimally structured
water management system to that end. Based on recent experiences, the HND was overhauled and
has the following status (in 2014):
The Flood Notification Centre (HNZ, Hochwassernachrichtenzentrale) creates a status report for all

of Bavaria, and makes this information available on the HND’s Internet site. Five regional Flood Fore-
cast Centres (HVZ, Hochwasservorhersagezentralen) are each responsible for a large river zone,
producing forecasts and providing warnings to the Water Management Agencies (WWA, Wasser-
wirtschaftsämtern), which have 17 office sites.
Flood warnings are only effective when they are met with prepared measure plans and those measures

can be derived from warnings (e.g. flow height at gauge). Community notification plans are the focus of
this work again and again, as they are the last link from a warning to protective measures and the citi-
zens. They especially lay out relationships between level statuses and their effects and/or the protective
measures to be carried out, as well as flood plans.
The flood warnings of the 17 WWAs are broken down into three warning levels: pre-warning, warning

against bank transgression and flooding of agricultural zones, and warning against flooding of zones with
edifices. TheWWAs produce the warnings and forward them to the notification offices linked to the HND
(district offices, urbanmunicipalities), fromwhere they are forwarded to the communities and disaster pre-
vention organisations (fire brigades, integrated control centres). After receiving a warning, the parties
affected are obligated to keep themselves informed of the flood risk. There are various information ser-
vices available to that end (Internet sites, telephonemessages, video text on Bavarian public broadcasting).
The trigger for the warnings can be observed transgressions of a warning level for reporting, or a pre-

warning issued by the HVZ and the HNZ. The decentralised warning system accounts for the local

M. Grambow et al. / Water Policy 17 (2015) 133–155148



circumstances in the WWA zones and provides for on-site presence. The provision of flood information
and warnings in video text, a measurement announcement service and the Internet means the authorities
and the public are informed simultaneously.
The foundation for the HND consists of measured data, especially the gauges in the rivers. A total of

320 gauges are specifically used for flood warning, another 480 gauges and some 850 precipitation
measurement points are used for forecast calculation via surface runoff models, as well as for other
reasons. Measures for improving resilience have been undertaken, such as reinforcing the flood stability
of measurement equipment beyond HQ100; data channels and equipment at the most important gauges
were doubled in order to avoid outages. The data are automated centrally at a database and merged every
15 min around the clock. There are cooperation agreements with the weather services and flood warning
services in neighbouring countries, and with hydro-electric power plant operators as well as with other
organisations via automated electronic data exchange. The forecasts are also exchanged. External fore-
casts are fed into local models.
In this manner, automated hourly forecasts for the next 48 h are computed for the River Inn from the

Swiss border to Passau, and on the Danube from Regensburg to Vienna through the neighbouring states
of Tyrol, Salzburg, Upper Austria, Lower Austria and Bavaria, and then published on the Internet along
with margins of uncertainty. The central data store means the integrity of the data can be secured.
Measured data and forecasts come from one source. Their availability is secured through redundant
data storage via the replication of the master database at the geographically separated flood forecast
centres.
The official gauge measurement network for larger rivers encompasses around 50% of all commu-

nities, which are connected to the HND via flood notification plans. The special Storm Weather Plan
put forward by the State Ministry of the Interior, in contrast, implements all communities in Bavaria;
it governs the forwarding of storm warnings from the German Weather Service (DWD, Deutscher Wet-
terdienst) to the communities. Among other things, this makes it possible to send warnings in a short-
term, highly effective manner regarding heavy rain events, which generally affect local and especially
smaller rivers. The storm warnings from the DWD are integrated into the HND Internet site.
Within the scope of implementing the EU Floods Directive (2007), warnings are also issued for

medium likelihood of flooding (at least a 1 in 100 year event), extreme events and low likelihood
events, with corresponding measure plans created by the communities.

4.3.8. Heavy rain and flash floods insurance. The large floods that raise our interest in trans-regional
media are usually river floods. We have a relatively high level of knowledge about these scenarios. We
have prediction models, gauges and measure systems; we know the flood zones and have leveraged
numeric simulations to work out all feasible hydraulic parameters, such as flow velocity, flow depth,
shear stress, etc. In addition to these river floods, however, there is a flood risk that receives much
less attention in the media, known as urban flash floods. What is fatal about these events is that they
can arise practically anywhere, even far away from bodies of water, there are hardly any reliable options
for prediction (a rain forecast, at most) and nominal pre-warning times, and they will also occur with
increasingly frequency in the future as a result of climate change. They are often created by local occur-
rence of heavy summer rain events, at times in combination with storm and hail. These events frequently
far surpass the capacities of property drainage systems, waste water systems and smaller bodies of water.
Urban drainage systems are not usually big enough to account for these rare events. The strategy of
measuring a rain water drainage system for a 100-year event is presumably doomed to fail. Here,
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new ways of channelling and retaining must be found, and the idea of private object protection must be
moved more into the foreground. It is often the case that raised cellar shafts and slightly heightened door
sills are sufficient to prevent the greatest damage.
According to the many years of experience of German insurance providers, half of all standard flood

damage results from these kinds of localised extreme events, urban flash flooding, and is usually far
from actual flowing bodies of water (DWA, 2013). This means that these flash flood events are in
the same league in terms of money as the flooding of big rivers so often seen in the media.
A natural hazard insurance policy is well suited to these events, which can occur anywhere, particu-

larly as the problem of anti-selection is not an issue here. Anti-selection means that usually only those
building owners who live next to a river and experience frequent flooding take out such an insurance
policy. However, if that is the only group of persons who purchase insurance, then the charge for an
insurance policy would be prohibitively expensive. Purchase of a natural hazard insurance policy is
voluntary in Germany. The coverage sum is largely dependent upon the property’s risk level. To that
end, the German insurance industry has developed a zoning system with four hazard classes. The
data from water management offices, such as computed flood zones, are taken into account here. The
risk in the lowest hazard level is largely determined by heavy rain events, and insurance policies are
correspondingly financially affordable there. Currently however, the insurance rate in Bavaria is only
approximately 21%, while it is approximately 33% in Germany as a whole.
However, it is here in particular that a social solidarity is required. State and community offices use

public funds to erect suitable flood protection against high river water for regions with human settle-
ments along rivers. However, the level of protection is usually restricted to a 100-year event (e.g.
dykes and technical flood protection systems are designed for a 100-year event). State flood protection
measures, however, reduce the hazard classification and the purchase of a natural hazard insurance
policy becomes affordable for everyone. With an insurance policy of this kind, a private citizen
hedges the residual risk, specifically the potential of failure or overload in state flood protection installa-
tions. Simultaneously, this insurance policy also covers the residual risk of flooding due to urban flash
flooding. The combination of a lower risk of high river water through state flood protection installations
and comprehensive insurance coverage as regards urban flash floods makes natural hazard insurance
accessible for the public at large.

4.4. The burden of maintenance

4.4.1. Flood protection infrastructure: moving toward safety and prosperity, or running in circles?
Valleys, rivers and river forelands were the seeds for the historical development of human settlement
and the starting point of today’s societies. Goods transport, water utilisation and transportation chan-
nels are all factors which led to human settlements arising in zones at risk of flooding. However, this
danger was accepted, as the location also yielded an economic upswing, which led to increased pros-
perity. While people used to be obligated to live with flooding, capacities then emerged for correcting
river runs and erecting the first flood protection installations at known focal points. This reduction in
flood frequencies automatically increased the utilisation of river zones (with consequent damage
potential) while the awareness for flooding hazard simultaneously dropped. However, many of
these flood protection installations were never intended to protect the damage potential of modern
human settlements and cities, but were rather designed to help prevent famine in the Danube
region and to protect harvests against flooding, which occurred rather frequently. These installations
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were able to withstand flooding events for a long time. The structural change that incurred (away from
agriculture), growing prosperity, the enormous boom in construction and the growth in population,
however, have led to a situation bearing enormous damage potential. For example, between 1840
and 2012, the population in Bavaria grew from 3.8 million to over 12 million residents. The flood pro-
tection installations necessarily have to be raised and reinforced in order to meet today’s protection
level for settlement areas (HQ100). However, this retrofitting of installations automatically leads to
an increase in damage potential, as there are no longer construction restrictions in these HQ100-pro-
tected zones. The damage potential rises again. Does that mean there is a need for more protection as
well? It is especially when new flood protection measures are built that, in addition to the technical
protection measures, further elements of flood risk management must be implemented. This is the
only way to break the spiral of more and more need for protection. Even when doing this is successful,
at the least a dependency on these (new) protection installations is yielded, which can no longer be
reversed, as relief and settlement structures develop in an irreversible manner. For these societies,
this means that each year a certain budget has to be provided to maintain the flood protection equip-
ment that has become necessary to the people living there. Otherwise, there is a risk of collapse. Once
the trigger for economic development, flood installations can become an ongoing burden. Whether
they are streets or dykes, this maintenance has been consuming more funding than is available for
new construction.
In summary, one must be sure that the installation of each new flood protection measure is indeed

desirable today, and aware that they will quickly become essential for the region following construction,
and that there will be no going back.

4.4.2. Example: resettlement. While this is only possible in individual cases, there is indeed a rising
awareness for conscious decisions to no longer continue expanding flood protection in certain regions
that are already settled. The experiences from the flooding in 2013, however, have demonstrated that
financial decisions cannot be the sole factor here. Human suffering, trauma and psychological stress
with later effects on health must also be accounted for. A typical approach here in Bavaria is to at
least provide financial support for voluntary resettling to the residents in zones that cannot be perma-
nently protected with flood protection in line with state of the art technology.

4.4.3. Example: development of maintenance strategies in torrent control in the Alpine region. The
current situation in torrent control in Bavaria’s Alpine region can be described briefly as follows:
over the past 100 years, some 50,000 protective structures have been built along torrents and their drai-
nage areas. Many of these structures are no longer in line with modern requirements. Their maintenance
and restoration consume significant levels of resources; it is a Sisyphean task. Year on year, attempts are
made to restore the existing structures with existing capacities, and to renew them as they collectively
decay (Figure 6). Moreover, there is even more need for new expansion and protection measures in order
to protect new and more sensitive infrastructure and to stay on top of the rising requirements from cli-
mate change and society’s vulnerability. In line with the discussion of sustainable development earlier in
this paper, this yields a general specification for technical development (Grambow, 2012): ‘On both the
level of the individual installations and on the level of entire technological systems, there should be per-
manent monitoring and enhancement to the technology in the direction of sustainability criteria.’
General life experience reinforced academically by resilience theory, however, shows us how difficult
it is to depart from a path that has already been started and solutions that are well established. There is
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danger that ‘due to holding on to traditional solutions, funds are being ‘sunk’ and the conservation phase
of a system is being stretched so much that there is no homogeneous new development loop on the other
end, but rather a collapse similar to a revolution in nature’ (Grambow, 2012).
Applied to the situation described above in torrent maintenance, the established solution represents

the 1-for-1 restoration of structures (i.e. restoration or replacement at the same location and in the
same construction model), without checking whether optimisation is an option. A crisis-like collapse
then occurs when the protection systems thought to be safe gradually fail due to maintenance no
longer being financially feasible. Against this background, a comprehensive research project was
launched by the Bavarian water management administration with the objective of finding a way to opti-
mise the protection systems with regard to minimisation of maintenance expenditure, and modification
in framework conditions as well as long-term adjustments and further expansion requirements. In prin-
ciple, there is a similar situation with regard to first-order and second-order rivers. This can presumably
be applied to many further fields involving infrastructure installations (e.g. roads) in a similar manner.
Once installed, our society becomes more and more dependent upon these installations. Once considered
to be a ‘relief’ for society, for future generations it quickly becomes a dependency on ‘life-sustaining
systems’ that can no longer be reversed, and therefore turns into a significant burden on future budgets
over the long term.

4.4.4. Reconsidering past solutions with regard to changes in general conditions. While dyke systems
erected at the start of the last century were frequently intended to protect agricultural spaces and for
sustaining food production (degree of protection ∼HQ30), these systems have to protect settlements
and industrial zones that have grown since that time, which means they have to meet an entirely differ-
ent objective (degree of protection HQ100). The changed requirements and general conditions to
which torrent control has been subjected over the past decades are much more versatile today. Settle-
ments have expanded to the scree at valley exits. The forest and vegetation situation as well as uses

Fig. 6. Just one of thousands of torrent control structures that require maintenance.
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(e.g. mountain restaurants, ski slopes, forestry, tourism) have changed over the decades. In some
places, reforestation is leading to stabilisation in mountain faces, and thus to a reduction in discharge
and bedload in torrents. Short-term individual events quickly have the opposite effect, such as storm
damage and avalanches. Among other things, new construction methods have developed due to
changes in machinery, or were even necessary due to changes in personnel. Modern computation
models permit precision in process assessment and dimensioning in protection systems. Databases
and the documentation of past events also facilitate re-assessment of the current situation. Added
to this are new legislative requirements in nature conservation and the two EU Directives (Water
Framework Directive, 2000; Floods Directive, 2007). The knowledge that a residual risk remains
for all protective measures and that our financial and personnel resources are limited requires the con-
tinuous forcing of transition away from pure hazard averting to a sustainable risk culture in natural
hazard management. The list is merely an outline, yet it shows that costly 1-for-1 restoration and hold-
ing on to what are frequently historical solutions should at least be questioned and optimised
(Figure 7). In this context, however, optimisation must not be placed on the same level as an increase
in efficiency, which is often misunderstood. An increase is efficiency solely targeted at trimming a
protective system for one reason and to prepare for a design situation in a cost optimised manner

Fig. 7. Systemic visualisation of influence on maintenance costs.
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which does not take critical overload properties and ‘hard’ system tipping points into account can
never be sustainable. Optimisation of protection must consider the aggregate risk as well as costs,
and lead to compliant, resilient and adaptable systems.
As an outcome from a research project on four torrent zones featuring well over 100 individual struc-

tures, research was performed regarding optimisation of maintenance and future expansion of
reconstruction of the protection system in pilot studies. The objective was to derive a guide for the
future maintenance strategies in the torrent catchment areas in Bavaria. The intention was not to
work on specialised topics like transportation processes, driftwood, hydrology, damage analysis, mon-
etary damage and efficiency assessment, risk analysis and assessment, geology, and hydraulics in line
with state of the art technology, but rather to illuminate an integral and balanced aggregate observation
that can be applied in practice.
Structures were identified in all drainage zones that are no longer needed in their respective state from

a modern point of view. Simultaneously, however, weak points in the protective systems and additional
need for expansion were revealed in all the studies. A 1-for-1 maintenance was therefore not the most
sustainable solution in all catchment areas. There were also intensive efficiency considerations regarding
the maintenance cycle for key and standard structures with simultaneous consideration of the state a
structure is in (decay over time), as well as at times comprehensive drainage zone observations of his-
torical states and even of future scenarios, like changes in wildlife and forest structures.
The implementation of this strategy must of course be accompanied in practice by intensive com-

munication. Moreover, a sustainable master concept can only be attained with the best possible
utilisation of knowledge and experiences on site.
Part of this is supplementing the process of technical rethinking with risk management measures on

the demand side, i.e. via risk communication and passive and active prevention on the infrastructure and
settlement side (warning and deployment plans, marking of hazard zones, restrictions in urban land-use
planning). This is how modern participatory methods will become elementary components to the future
torrent strategy.

5. Conclusion

Flood protection is an integral part of society’s development. To meet a growing vulnerability in the
context of geopolitical and global changes, existing systems of natural hazard management must be
reviewed on a regular basis. In Bavaria, lessons from the big flood in 2013 have led to a fundamental
modification of the existing integral flood protection strategy, the main characteristic of which concerns
the handling of events which exceed standard structural design limits.

5.1. The systemic core to this approach consists of holistic scenarios and a targeted resilience strategy

Technical development will also continue throughout the course of Action Programme 2020plus,
requiring adjustments in programming and even opening up new opportunities. Its 6-year cycle for
adjustment and advancement in hazard maps and flood risk management plans is evidence of this
fact.
Irrespective of state guarantees stipulated by society (including communal self-responsibility), sus-

tainable and comprehensive protection can only be attained with collaboration from everyone. Here,
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dialogue regarding risk for the revising of flood risk management plans will attain particular
significance.
In order to continue the high quality planning, building and safe operation of effective flood protec-

tion installations in Bavaria in the future, it will also be necessary to have well trained, responsible
technicians and engineers in planning agencies, construction companies and public administration.
The Bavarian water management administration has committed itself to these tasks and will meet
this obligation with appropriate equipment and personnel.
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Abstract

This paper provides a snapshot of the key findings of an Organisation for Economic Co-operation and Development
(OECD) review of flood risk prevention policies in the Paris metropolitan area. With an innovative flood risk assess-
ment, the study shows that a major flooding of the Seine River, similar to the flood disaster of 1910, could affect up to
5 million residents in the greater Paris area and cause up to 30 billion (109) euros worth of damage. Economic growth,
jobs and public finances could also be significantly affected at the national level. The OECD Review on Flood Risk
Management of the Seine River – commissioned by the basin organisation Seine Grands Lacswith the FrenchMinistry
of Ecology and Île-de-France regional council – recommends raising risk awareness among citizens and businesses,
and improving the resilience of the metropolitan area to flood risks. Recent floods in Europe and New York City’s
Hurricane Sandy disaster in 2012 illustrated the vulnerability of today’s ever-denser cities to flooding and the need
to adapt critical infrastructure systems to be able to cope with extreme weather events. The OECD review suggests
ways to minimise the risks and better prepare the Île-de-France region. It notes that proposed projects to develop
and expand the city’s transport and logistics networks offer an opportunity to put some of its suggestions into practice.

Keywords: Critical infrastructures; Flood; Risk governance; Risk modelling; Urban resilience

1. Introduction

One of government’s key responsibilities is to ensure that large metropolitan areas are resilient to
major risks, to guarantee the safety and welfare of the public, and maintain public trust. Ministers
from the Organisation for Economic Co-operation and Development (OECD) recently adopted the Rec-
ommendation on the Governance of Critical Risks to insist on this responsibility (OECD, 2014b). In the
light of the Great East Japan Earthquake or the flooding associated with Hurricane Sandy in New York,

This is an adapted version of OECD (2014), ‘Executive summary’, in OECD, Seine Basin, Île-de-France, 2014: Resilience to
Major Floods, OECD Publishing. http://dx.doi.org/10.1787/9789264208728-3-en.
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governments, local authorities and civil society have become increasingly aware of the fragility of major
urban centres when disasters occur and of the degree to which critical systems are interconnected.
Within the framework of global debate on climate change, it is important to question the capacity of
cities to adapt to extreme weather, water or climate events. Flooding in Paris on the scale seen in the
historic flood of 1910 could constitute a major shock and pose an unprecedented challenge to public
policy. The Greater Paris urban development project provides a unique opportunity to promote good
practices in resilience to encourage sustainable development.
This paper presents the key findings of the OECD Review on Flood Risk Management of the Seine

River in the Île-de-France region, conducted as part of the OECD High Level Risk Forum (HLRF) in the
OECD Directorate for Public Governance and Territorial Development. The Seine flood risk review is
part of an OECD series examining risk management policies, and follows on from surveys conducted in
Mexico, Italy and Japan. It offers an evidence-based analysis and public policy recommendations to
enhance prevention of the risk of River Seine flooding in Île-de-France, developed through an inclusive
and open dialogue with all stakeholders in Île-de-France.
As a basis to the analysis, an innovative flood risk model was developed to assess the impacts of different

flood risk scenarios. The impact of such an event is assessed in relation to public well-being, the continuity of
operation of institutions and businesses, and the economy. The economic impact could be significant, includ-
ing at national level, because of the importance of the Île-de-France region to French gross domestic product
(GDP). The exploratory assessment of the macroeconomic impact of various flooding scenarios takes
account of the direct and indirect effects of a shock of this nature on the national growth trajectory, employ-
ment and public finances. The findings of the review are that a major flooding of the Seine River in Île-de-
France could affect up to 5 million residents, particularly as a result of the effects on critical infrastructure
networks. The economic damage has been estimated at between 3 and 30 billion1 euros for direct
damage together with a significant macroeconomic impact at the national level.
The report also notes the progress made and the many policy tools employed in flood risk prevention in

France that could contribute to best practices, and highlights that they have not significantly contributed to
increase the resilience of the Paris region to major floods. It highlights how the complex governance of this
strategic region has limited the effective implementation of prevention policies. Today there is a dynamic
in progress to improve governance. Long-term investment projects are envisaged for the region under the
Greater Paris project. A transparent, accepted approach to the question of risks will help draw maximum
advantage from the opportunities that arise. The review offers policy-making guidelines for the future to
enhance flood-risk prevention in Île-de-France: development of a risk culture among the general public,
companies and decision-makers; innovation in urban areas to foster resilience; and promoting a consistent
financial approach based on economic efficiency, consideration to the long term and equity in funding.

2. Impacts of a major flood of the Seine River in the Paris-Île-de-France region

2.1. A historic reference: the great 100-year flood of 1910

While the possibility of a major flood of the Seine River may initially seem remote, it comes back
regularly and arouses public attention, as was the case during the spring of 2013 when floods took

1 Billion¼ 109.
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place upstream of the Seine River basin. Even though the flooding did not cause any major damage, it
revived the issue of risk management and the region’s vulnerability to flooding. The prospect of a his-
toric event is a key concern for French risk management stakeholders.
One of the features of the flow-rate of the Seine is its interannual variability, characterised by exten-

sive floods. The 1910 flood is the best known with an estimated peak flow-rate of between 2,400 and
2,650 m3/s in Paris, more than eight times the river’s average. This well-documented flood acts as a
benchmark. Its return period is estimated at one hundred years. The flood reached 8.62 m on the Aus-
terlitz gauge. The 1910 flood was particularly destructive in the context of an era marked by industrial
and technological progress (Caisse Centrale de Réassurance, 2013). Such events illustrate the difficulties
societies have in striking a compromise between economic development and managing the increased
vulnerabilities of society and multiple economic sectors.
Over the past four centuries – the Seine flood records date back to 1649 – an exceptional flood level

has been exceeded around four times per century (a flood is deemed exceptional when it exceeds 7 m on
the gauge) and the worst flood was 8.96 m in 1658. Although no major flood has occurred for almost 60
years, the twentieth century featured major 50-year floods in 1924 and 1955. The last major flood was in
1982, and its return period was 10 years. 1924 and 1955 also saw major flood events in the Paris region
and in the entire Seine basin. Nevertheless, the lack of a significant flood for more than 60 years tends to
lessen the memory of risk (Etablissement Public Territorial de Bassin (EPTB) Seine Grands Lacs,
2013). Seine floods are characterised by their slow progression and, as a result, the period of submersion
may be very long. For instance, the waters took almost 2 months to subside in 1910.
Even if the effect of climate change on the frequency and extent of the Seine floods is still uncertain

(Ducharne et al., 2011), greater floods than that of 1910 are still possible, such as the one that occurred
in 1658 – the 17th century also saw three major floods in nine consecutive years. In other countries,
many recent floods have significantly exceeded 100-year levels. This was the case with the floods in
Queensland, Bangkok and Pakistan, as well as during the coastal flooding following hurricane Sandy
in New York and the 2013 floods in Germany (Table 1). The 2007 EU Floods Directive uses the
1,000-year frequency as a reference for extreme events.

Table 1. Return period for recent major floods.

Country or city Year Flooded river Return period

Prague 2002 Vltava 500 years1

United Kingdom 2007 Severn 200 years2

Pakistan 2010 Indus .100 years3

Brisbane 2011 Brisbane 120 years4

Bangkok 2011 Chao Phraya . 100 years5

New York 2012 Floods linked to Sandy* 400–800 years6

*Floods linked to Sandy are different as they were caused by sea storm surge.
1Zizkova (2004).
2Severn Trent Water (2010).
3Japan International Cooperation Agency (2012).
4Queensland Flood Commission Inquiry (2012).
5Aon Benfield (2012).
6Lin et al. (2012).

C. Baubion / Water Policy 17 (2015) 156–179158



2.2. Despite investments in protection, increasing urban development and the interdependence of
critical infrastructures have accentuated vulnerability

Since 1910, the risk of a flood of the Seine River in the Île-de-France region has been reduced
in various stages by protective structures, including dams built upstream and river development
starting in the 1920s, then continued from the 1950s up until the early 1990s. Major investments
have nevertheless been limited in recent decades and it appears that protection levels are not up to
the standards of many other comparable OECD countries, particularly in Europe (Table 2).
Furthermore, exposure to risk and the resulting vulnerability have been accentuated by increasing
urban density in this leading economic area of France (Figure 1), as well as by the construction of
a large number of industrial areas and critical infrastructures (transport, energy, communications,
water) along the Seine River. The interdependence of these networks, the interpenetration of pro-
duction lines and their ‘just-in-time’ operation, the key role played by the mobility of people and
exchange in a dynamic economy, urban development, and the concentration of populations and
capital are just a few of the many factors which increase modern societies’ vulnerability to
shocks (OECD, 2011).

Table 2. Levels of protection in major cities in the OECD.

City Protection level Protected area Date of implementation

Paris urban area 100 years Paris Existing
30–50 years Départements in the inner Paris suburbs

Frankfurt1 200 years New districts & critical infrastructures Existing
100 years Urban area

London2 1,000 years Coastal areas Existing
10,000 years Objective 2100

New York3 100 years Coastal areas Project 2020
The Netherlands4 1,250 years River areas Existing

4,000 years Coastal areas with small populations Existing
10,000 years Areas below sea level Existing

Oslo5 100 years Residential buildings National standard
200 years Industry and critical infrastructures

Tokyo6 200 years River and coastal areas Current project
Köln7 100 years River areas Existing

200 years Particularly critical areas
Vienna8 10,000 years River areas Existing
Bratislava8 1,000 years River areas Existing

1Land of Hesse (2007).
2Environment Agency (2012).
3New York City Special Initiative for Rebuilding and Resiliency (2013).
4Netherlands Ministry of Infrastructure and the Environment (2012).
5Norwegian Directorate of Water and Energy Resources (2009).
6Cooper & Matsuda (2013).
7World Bank (2012b).
8Kryžanowski et al. (2013).
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2.3. Today a major Seine flood would have important potential impacts on well-being, and on the
activities of the government and businesses

The Île-de-France region represents about one third of the economic activity in France, the second
largest economy in the euro area. The seat of the government and major industries are located there,
as well as the main decision-making and research centres. Île-de-France represents a large logistics
hub for the whole French economy (Chambre de Commerce et d’Industrie Paris Île-de-France,
2013). Interviews with critical infrastructure operators and emergency managers revealed that, in the
most extreme case, a Seine flood in the Île-de-France region could have direct and indirect impacts
on almost 5 million people and a large number of businesses, with significant economic, human and
social effects. It could disrupt the functioning of the government and many institutions, as well as
most of the infrastructures and critical networks that ensure the daily functioning of the Paris metropo-
litan area. Non-tangible impacts on the environment or the cultural heritage of Paris could also be severe
(Ministère de l’Ecologie, du Développement durable et de l’Energie, 2011).
In total, 830,000 people living in the floodplain, or 7.2% of the population of Île-de-France, and

55,700 businesses (9.5%) providing 620,000 jobs (11.5%) would be directly affected (IAU, 2011a, b).
Many official bodies, business districts and prime heritage and tourism sites are also in the flood-
prone area, as are transport, electricity and water infrastructure, and several schools and healthcare
establishments. The distribution of electricity could be greatly affected with almost one quarter of

Fig. 1. Map of the floodplain for a 100-year flood.
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power sub-stations flooded or cut off as a precaution, and more than 1.5 million customers who could
experience power cuts. Public transport could be affected with almost 140 km of the 250 km under-
ground network closed as a precaution. The road network could be blocked at many points: the
bridges crossing the Seine closed to traffic, due to their weakened structure, would make it impossible
to travel from the right to the left bank. The drinking water supply could be interrupted around Paris
where more than 5 million clients could suffer extended water cuts and 1.3 million clients see a deterio-
ration in quality (Figure 2).
The debate on such impacts must examine the sector’s interdependencies, for instance, between the

critical networks (energy, communications, water, transport) and the large industrial and service sectors.
A major flood could affect key economic sectors at the national level such as tourism, food distribution,
or the car industry. The issues at national level are therefore major. Accordingly, preparing for a possible
Seine flood (and reducing the risk) is an important, complex and sensitive issue for public policy.

2.4. Evaluating the indirect economic impacts of disaster: a literature review

In view of the substantial direct or indirect damages and losses, questions should be asked about the
overall economic impact of a shock of this extent. Such an assessment needs two problems to be exam-
ined: the cascading effects of disruption to networks on companies’ activities, and the macroeconomic
impact at national level, given the importance of the Île-de-France region to the French economy.
Typically, the direct effects of disasters are distinguished from indirect effects (Table 3). Tangible

direct impacts include damage to individuals’ physical property, and to businesses (buildings, stock,
tools of production) and public facilities. The methods for assessing impacts of this type in the event
of a flood are well established and are detailed by the European Floodsite project (Meyer et al.,
2012). First, it is necessary to evaluate the spatial characteristics of the hazard (water depth, flood dur-
ation), drawing up a list of the impacts referred to above in combination with type of land use, and
assessing their value. Next, the application of damage functions produces a value for damage by
type of impact (as a percentage of their value) based on the flood characteristics. Modelling tools are
utilised and combined with a Geographic Information System (GIS) to project hazard characteristics
onto the affected area and calculate the impact depending on the assets located there.
The process of assessing companies’ operating losses and other indirect effects of disasters is less obvious

(Rose, 2009). Operating losses of companies affected by flood can be assessed on the basis of the direct
damage they experience. However, breaks in or disruption to production processes caused by damage to
companies’ tools of production or stocks can have effects that cascade down the production and distribution
chains, and affect the clients and suppliers of the businesses concerned. Indirect or higher order effects are
those that are caused not by the disaster itself but by its consequences. They may become apparent beyond
the area affected by the disaster and persist afterwards throughout the reconstruction process.
Many ex post evaluations ask questions about indirect impacts using surveys of businesses or micro-

economic or econometric modelling. Price corrections, the effects of substitution, the stimulating effect
that post-disaster reconstruction has on demand, and the Schumpeterien effect of creative destruction on
productivity are all consequences that have been studied without clear conclusions being reached in
every case (Przyluski & Hallegatte, 2011). It would nonetheless appear to be common ground that,
where an extensive disaster affects critical networks for a lengthy period, the indirect impact is too sig-
nificant to ignore (Rose et al., 2012). The process of taking account ex ante of indirect impacts implies
modelling that can incorporate the interdependence that exists between the various economic sectors and
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Fig. 2. Impact of a major flood on critical networks.
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agents. It can be done using input–output models or general equilibrium models, although the excessive
rigidity of certain models (set prices and no substitution) makes them too pessimistic, and the excessive
flexibility of others (perfect market) makes them too optimistic. Approaches that steer a middle course
are therefore recommended, including by the European Costs of Natural Hazards (CONHAZ) project.
The effects of macroeconomic impacts and impacts on public finances are often very different, and

depend on the country’s level of development, its business cycle prior to the disaster, insurance and rein-
surance coverage, and other factors (von Peter et al., 2012). The damage from the Christchurch
earthquake in New Zealand amounted to 20% of national GDP without significantly affecting either
growth in GDP or public finances (Laframboise & Loko, 2012), whereas the tsunami of March 2011
and the Fukushima crisis in Japan, where estimated damage was 3.5% of GDP, led to a 0.7% contraction
in Japanese GDP and a 9.5% increase in the deficit in 2011 (OECD, 2014a, b). Macroeconomic mod-
elling is necessary for ex ante evaluation of this type of impact. This requires tools and databases to
relate the effects of the disaster on a national or possibly a regional scale, in cases where this type of
modelling is appropriate. Analysis of public finances must also have regard to budgetary contingency
mechanisms (Phaup & Kirschner, 2010).

2.5. Assessing the overall microeconomic effects with flood scenarios

For this purpose, a hybrid approach was developed, combining modelling of direct damages, assess-
ment of the impacts connected with the interruption of critical networks and macroeconomic modelling
with a General Equilibrium model. Three flood scenarios centred around the 100-year flood occurrence
were used, taking threshold effects into account (Table 4).
Scenario S1 assumes 80% of the flood intensity of the 1910 event. The waters of the Seine reach a

height of 6.90 m on the Austerlitz gauge and stay high for a week. Thanks to well-maintained local
defences, the water in the major areas of urban development is largely contained by the protective
banks and walls along the Seine. Nonetheless, the flood affects more than 100,000 people and floods
30,000 homes in the outer suburbs upstream and downstream of Paris. Businesses and public facilities
are also directly affected, resulting in operating losses and local disruption to water treatment, electricity
and transport networks for two further weeks at least. Although slightly less severe, this scenario is
representative of the historic floods of January 1924 and 1955.

Table 3. Types of impact and damage.

Tangible Intangible

Direct impact Physical damage to property
• Buildings
• Furniture
• Infrastructure
• Companies’ stocks
• Companies’ equipment

• Losses of human life
• Effects on health
• Impacts on the environment
• Impacts on the cultural heritage

Indirect impact • Loss of industrial output
• Disruption of networks
• Cost of emergency response

Source: OECD, adapted from Smith & Ward (1998); Penning-Rowsell et al. (2003); Meyer et al. (2012).
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As a result of the works subsequently undertaken on the riverbed and bridges and the action of the
reservoirs, the water in scenario S2 is 50 cm below the 1910 level, even though the river’s discharge
represents 100% of that of the 1910 event. The water height of 8.15 m at the Austerlitz gauge means
that the City of Paris is protected by its banks and walls but Paris suburbs are not, and the water overtops
the defences there and spreads over a large area. Over 600,000 inhabitants are directly affected and
around 100,000 homes are flooded. The waters remain high for around two weeks, causing serious
damage to businesses in the flood-prone area and a great deal of damage to public facilities and network
infrastructure. However, the fact that the defences protect the core urban area means that most function-
ality in the metropolitan area is restored within 1 or 2 months of the end of the crisis period.
Scenario S3 envisages a 15% rise in intensity compared to the 1910 flood, and the water level reaches

9.11 m at Paris Austerlitz. As a consequence, the banks and walls are no longer capable of containing the
water in several districts of Paris, and extensive areas of the urban area are submerged. The waters remain
high for around 1 month in some places, directly affecting 1,000,000 people. Power cuts affect around 1.5
million households and businesses, and drinking water is no longer distributed or its quality is impaired for
around 5 million inhabitants. The underground public transport network is extensively damaged and dis-
rupted for a long period of time, and it is impossible to travel from one side of the Seine to the other. Most
of the inhabitants of Île-de-France experience a severe deterioration in their living conditions for several
months. This major region of Europe experiences a large disruption to its economic activity for several
weeks, and it takes months to restore normal living conditions that allow the inhabitants to return to
work at pre-crisis intensity. In the meantime, many small and medium enterprises (SMEs) may have
gone bankrupt and large companies have (provisionally) re-located their business.
For each scenario, all direct damage and business interruptions directly linked to the flooding and to the

interrupted networks were calculated first. A combined hydraulic-economic model calculated the damage
for private individuals and companies using damage functions on the basis of geo-distributed data on land
use and types of firms. It also assessed the business losses suffered by firms in the floodplain. The

Table 4. Features of the flood scenarios used.

Features S1 S2 S3

River discharge (/1910 flood) 80% 100% 115%
Maximum water height

(Austerlitz)
6.90 m 8.15 m 9.11 m
1924 flood (7.32 m) 1910 flood (8.62 m)

Flood duration 1 week 2 weeks 1 month
No. inhabitants affected 100,000 600,000 1,000,000
Critical networks

• Electricity
• Transport
• Water

Localised partial disruption
for 2 weeks in Paris suburbs

Extensive disruption for 2
months in Paris suburbs

Universal disruption:
• 1.5 million customers
without power

• Metro lines closed for
several months

• 6.5 million customers
without water (or with
substandard water)

Disruption to economic activity 2 weeks 1–2 months 2–5 months

Sources: Interviews with EPTB Seine Grands Lacs, Secrétariat Général de la Zone de Défense et de Sécurité de Paris,
Direction Régionale et Interdépartementale de l’Environnement et de l’Énergie.
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combination of the vulnerabilities and damage to various critical networks is based on the work carried out
with the network operators on crisis management for a decade. The effect on firms’ activity due to the
interruption to electricity and transport networks was assessed using the proxy of the number of employed
affected, in relation to those directly affected by the flood. By integrating all these microeconomic effects,
a coherent and holistic initial economic assessment of direct and indirect damages and losses was obtained.
Results were regrouped in terms of the destruction of public and private capital stock, as well as reduction
of business turnover according to the various crisis scenarios (Table 5).

2.6. The macroeconomic impact of a major shock could be significant in terms of GDP, employment and
public finances

With regard to the macroeconomic impact, a dynamic general equilibrium model was developed to
assess the indirect effects on growth, employment and public finances, and to incorporate non-linear

Table 5. Microeconomic impact of flood scenarios (direct and indirect impacts in billion euros).

S1 S2 S3

Flood: 1 week
Indirect impacts: 2
weeks

Flood: 2 weeks
Indirect impacts: 2
months

Flood: 1 month
Indirect impacts: 2–5
months

Destruction of
capital stock

Housing and moveable property 0.76 (of which
0.04 automotive)

4.08 (of which 0.23
automotive)

6.83 (of which 0.39
automotive)

Stock (businesses)
0.81 4.71 8.54Equipment (businesses)

Buildings (businesses)
Destruction of private capital

stock TOTAL
1.57 8.79 15.37

Networks:
– Electricity 0.25 0.50 1.00
– Public transport (subway) – 1.00 5.00
– Public transport (train) 1.00 2.00 5.00
– Roads 0.00 0.05 0.10
– Water – – 1.00
– Public facilities and buildings 0.35 1.12 1.93
Destruction of public capital

stock TOTAL
1.60 4.67 14.03

Operating losses
(fall in turnover)

SME failures (annual impact) A B
– – 1.25 3

Total losses (quarterly impact)
including:

0.58 5.67 12.33 16

– Direct effects of flooding 0.19 1.06 1.96 1.96
– Effects of disruption to power

supplies
0.19 2.59 4.67 5.4

– Effects of disruption to
transport

0.19 2.02 5.7 8.64

Note: Scenario 3B is more severe than scenario 3A, with more SMEs going bankrupt and critical network interruptions
lasting a longer period.

)
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effects; a national model enabled the impact to be represented dynamically in the short, medium and
longer term. The incorporation of the specific features of the compensation funding linked to the
French natural catastrophe insurance system also made it possible to assess the impact on public debt
and to test various budget responses to such a catastrophe.
Assessments of the economic impacts of various flood scenarios centred around the 100-year flood of

1910 show that a large-scale shock could have a significant macroeconomic impact in terms of GDP,
with repercussions both on employment and on public finances. These could come under severe
pressure with corresponding deterioration over a long period. According to flood scenarios, the
damage from such a catastrophe has been estimated to be between 3 and 30 billion euros for direct
damage, together with a significant reduction in GDP which, over 5 years, could reach 1.5 to 58.5 bil-
lion euros, i.e. a consolidated total of 0.1–3%. The resulting contraction in business activity could have a
significant effect on the demand for labour; up to 400,000 jobs could be lost in the worst case scenario.
Even if a rebound in business activity could rapidly reduce some of these effects after a year, the harmful
consequences of a major Seine flood could be felt over the medium to long term and weigh on public
finances (Figure 3). In the case where the impact exceeds the reserves available through Cat-Nat (the
national catastrophe compensation regime) and the Central Reinsurance Fund, the State could be
called upon to fully assume its role of ultimate guarantor.

Fig. 3. Macroeconomic impact of a flood scenario over 5 years. Note: these charts show the variation of the different parameters
as a percentage of the initial state as a function of time with quarterly measurement. The flood occurred during the first quarter.
The flood scenario represented (S3) corresponds to a flood with the same water-height as the 1910 one, with a 15% greater
flow.
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Even if these effects are significant, it should be emphasised that this analysis is an exploratory one,
and that it does not implicate a systemic risk with irreversible effects: a variety of budgetary response
mechanisms could rapidly be put in place – if they are foreseen and planned in advance. Nevertheless,
there is considerable uncertainty and the effects could also be accentuated by the impact of a flood on
the rest of the Seine River basin.

2.7. Ambitious prevention policies could boost the resilience of Île-de-France in the long term

In light of these issues, such a situation is in noway inevitable: an effort to recalibrate, better co-ordinate,
and refocus public policies would decrease the consequences of the risk whilst increasing resilience. The
aim is to increase the capacity of the Île-de-France ecosystem to restore its functional capacities rapidly, in
both human and economic terms. Apart from longstanding investments made over the last century,
additional foresight and investment efforts may enable reduction of the risk and the vulnerabilities. Pre-
vention policies could be strengthened along with better governance and appropriate financing
mechanisms commensurate to the resources and economic advantages of this strategic territory.

3. Governance of flood risk prevention of the Seine River in the Île-de-France region

3.1. Towards a shared strategy: efficient distribution of roles and responsibilities

Response to the major risk of the flooding of the Seine in the Île-de-France region should be based
on an appropriate governance framework aimed at organising public policies to improve resilience.
Experience in other OECD countries shows that risk management requires the co-ordination of a
large number of organisations and resources at various administrative levels, from the private
sector and civil society. For each of the phases of the risk management cycle, a robust legal and insti-
tutional framework, together with well-defined governance mechanisms, is necessary to enable an
integrated approach for risk management. Hence, an effective prevention policy must be based on
a clear definition of the obligations of each, supported by incentive and sanction mechanisms to effec-
tively reduce exposure and vulnerability. The key elements of good governance concern the coherence
of the legal and regulatory framework and of institutions’ mandates to contribute to an established and
shared strategy, as well as co-ordination and effective co-operation between the various stakeholders
for its implementation. This includes questions of vertical coherence – between the various adminis-
trative levels – and horizontal coherence – between the various spheres of public policy – in the
distribution of roles and responsibilities, avoiding duplications of effort and favouring synergies
(Charbit, 2011; OECD, 2012).

3.2. The institutional context has not favoured the emergence of an ambitious and coherent strategy for
preventing Seine River floods in Île-de-France

Despite a progressive body of legislation (Laws of 1982, 1995 and 2003) and an exemplary set of regulat-
ory, financial and contractual tools (Risk Prevention Plans, Cat-Nat insurance regime, Prevention Funds,
Flood Prevention Action Programmes) for the prevention of risks at the national level (Asca, 2012), the
Seine flood risk in the Île-de-France region is managed within a fragmented framework resulting from
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successive waves of decentralisation. Despite the risks faced by the region, this has partially hampered the
emergence of a global shared vision on flood risk management. The lack of an overall vision in this strategic
territory – contrary to other major French rivers such as the Loire (OECD, 2010) or the Rhône – reveals a
governance weakness, even if awareness of the issues at stake is emerging. The policy tools developed at a
national level have in the past struggled to find a practical and effective application in this region with extra-
ordinary issues at stake.

3.3. Institutional fragmentation has, in the past, been a constraint on action

With the prospect of establishing an holistic strategic framework for managing the risk of floods of
the Seine, a particularly acute question of governance is raised in Île-de-France. The institutional and
territorial fragmentation in flood prevention results in poor governance particularly among the various
administrative levels. As a rule in France, mayors and prefects are solely responsible for managing risks,
both with regard to prevention and crisis management. In the case of the Île-de-France region, its
specific nature and resulting institutional characteristics add another layer of complexity to decision
making. The large number of stakeholders involved (whether national, regional, departmental, munici-
pal or metropolitan) makes it difficult to ensure synergies between the various administrative levels.
Apart from questions of multi-level co-ordination, territorial disparities prevent the emergence of a
shared vision. Competing views may in fact appear between Paris and its suburbs, the West and the
East of the territory at risk, the urban area and the peri-urban and rural areas. Each of these areas has
different levels of exposure. Their technical, financial and human capacities to implement public pol-
icies independently also vary.

3.4. Overcoming administrative fragmentation to facilitate interaction between various public policies

Beyond questions of horizontal and vertical co-ordination between the various administrative levels,
there is also a need to address several areas of public policies which contribute to the various dimensions
of flood risk prevention. Each of these policies involves specific stakeholders, different territorial sen-
sibilities, as well as different approaches which may confront or be in conflict with each other. Up to
now, isolated approaches have often prevailed. The various policies include:

• the risk prevention policy conducted by the Ministry of the Ecology, Sustainable Development and
Energy (MEDDE) and its decentralised structures in the Île-de-France region;

• the crisis management policy of the Ministry of the Interior (and its Prefecture de Police – Paris
Defence area), with a large number of stakeholders in the Île-de-France region;

• the territorial development and planning policy in which the regional council plays a key role as well
as governance at the local level through town planning;

• the water management policy and its institutions, including the Seine-Normandy Water Agency
(Agence de l’Eau Seine-Normandie), which plans and finances the conservation of water resources
in the Seine basin, and EPTB Seine Grands Lacs, an operational stakeholder which historically man-
ages four large dams upstream of the Seine basin with the double objective of combating floods and
supporting low water levels.
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3.5. Well-identified governance deficiencies can be overcome

The governance of flood risk management and prevention in Île-de-France appears to be very com-
plex. Because of their dispersion, existing efforts cannot be fully effective. The inadequate distribution
of responsibilities and resources among stakeholders at various levels has prevented the emergence of a
coherent leadership as well as a common vision with shared objectives for the prevention of flood risk.
Strategic planning documents on the Seine basin, on the river development, or on the development of
the Île-de-France region have not up to now allowed for a genuine multi-stakeholder approach or to
align the various initiatives in a common strategy for flood risk prevention. Only the work on crisis man-
agement has been able to unify metropolitan area stakeholders on the development of an emergency
response plan.
An appropriate linkage between the two spatial scales – that of the river basin for work on the hazard

side and of the exposed metropolitan area for work on the vulnerability reduction side – is a condition
for the successful implementation of effective prevention policies. Furthermore, despite the involvement
of a large number of stakeholders, there is no criterion that makes it possible to assess the respective
contributions of the preventive measures undertaken by each stakeholder. This lack of performance
assessment increases the difficulty in efficiently allocating responsibilities and resources for risk preven-
tion. Subsidiarity, local ownership, monitoring and evaluation of the measures undertaken, as well
public engagement and participation in decision-making, are the principles of good governance
which would enable increased responsibility and accountability of the various stakeholders.

3.6. Opportunities particularly from the Greater Paris project and the EU Floods Directive, should be
seized

Today, there is on-going momentum in flood risk management with the implementation of the Euro-
pean Directive on assessing and managing flood risks, for which 2013–2015 is a key period: a national
strategy on the management of flood risks has recently been developed and a priority area for flood risk
management in the Île-de-France region was recently defined (MEDDE, 2014). Comprised of 141 muni-
cipalities, this High Risk Territory (Territoires à risque important d’inondation – TRI) seems to be the
appropriate scale to address issues of vulnerability. A flood risk management strategy must be devel-
oped by 2015 in the TRI, together with a governance mechanism for its implementation. This is
being established, under the auspices of the State, through a partnership between both prevention and
crisis management actors. Local stakeholders such as EPTB Seine Grands Lacs will be associated to
this partnership within its area of jurisdiction. Furthermore, a Flood Prevention Action Programme
(Programme d’Action pour la Prévention des Inondations – PAPI) was also prepared by EPTB
Seine Grands Lacs and local stakeholders, which anticipates substantial work on the hazard control
side and additional actions on the vulnerability of the Île-de-France urban area.
Opportunities are also arising to incorporate resilience into the Greater Paris development project.

This long-term investment project for the whole metropolitan area makes it possible to tackle the
issue of flood risk at the scale of the Île-de-France urban area and to take major urban projects into
account. These opportunities could make it possible to engage the region in an ambitious and long-
term resilience approach largely shared with all the stakeholders. Opportunities for the development
of the Greater Paris development project in the coming decades can be fully met through a transparent
and responsible approach to risk management questions.
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4. Increasing the resilience of Île-de-France by flood risk prevention

The only way of reducing the Seine flood risk in the Île-de-France region is by means of practical
measures aimed at increasing the territory’s resilience. Even though re-examining governance will
allow a vision, objectives and major principles of a flood management strategy to be determined,
their implementation should take shape at the local level (in the upstream basin, in exposed territories,
in public and private planning and development projects, within companies) for two major areas of
action: hazard control and vulnerability reduction. If structural measures aimed at limiting risk exposure
by building infrastructure were given priority in the past, their financial, social and environmental limits
are now leading towards risk control approaches that are more aligned with environmental protection.
Reduced vulnerability can also be achieved through non-structural measures. It is fundamental that

risk knowledge and awareness be developed to create a culture of risk as a condition for action at
any level. Increasing territories’ resilience may be based on a more balanced urban development
which incorporates flood risk appropriately. This includes the question of the critical networks and infra-
structures whose vulnerability to floods creates the potential for cascading knock-on effects. On a wider
scale, the resilience of firms and individuals should also be developed, for instance through approaches
aimed at business continuity. Finding the right mix between structural and non-structural prevention
measures is the challenge explored in this section, as per the OECD Recommendation on the Govern-
ance of Critical Risks (OECD, 2014a, b).

4.1. Risk awareness is progressing thanks to harmonising approaches

Flood risk awareness is growing in Île-de-France and the on-going harmonisation of approaches will in
time allow all actors involved in risk prevention to have the information required to enable them to act coher-
ently. Up to now, the multiplicity of approaches, tools and standards for assessing risks have played their
part in causing some confusion, preventing stakeholders from agreeing on similar results, with each of
them tending to develop their own evaluation methods. The current process of sharing and harmonising
awareness among actors in risk prevention and crisis management – including network operators – as
well as developing an accurate mapping of the risks with the implementation of the European Floods Direc-
tive, makes it possible to envisage having the tools required to devise and make a detailed assessment of all
the preventive measures. This could be continued with other stakeholders, such as those in the insurance
sector, in a consistent comprehensive risk assessment approach, particularly from an economic standpoint.
Initiatives carried out at the national level can contribute to improving this situation, particularly by the cre-
ation of the National Observatory of Natural Risks together with the insurance sector.

4.2. Reinforcing the risk culture among citizens and decision-makers is essential as the memory
of historical floods fades

Citizens’ and decision-makers’ risk perception is very low. According to all stakeholders, the level of
information and degree of awareness of a major flood risk amongst citizens are insufficient, in view of
the risk level. There has not been a significant flood for almost 60 years and the impacts of low frequency
events of 10 to 30 years ago have nearly disappeared thanks to the upstream dam reservoirs. As a conse-
quence, flood risk tends to fade from the collective memory. On the other hand, the collective insurance
coverage provided by the French Cat-Nat compensation scheme, while presenting many advantages, can
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create amoral hazard by giving citizens, firms and decision-makers the impression that, comewhatmay, they
will be compensated for their damage: this does not lead to increased risk awareness or to initiatives to try to
set up preventive measures. A voluntary approach to raising awareness in Île-de-France is necessary to
develop a risk culture.

4.3. Effectiveness of risk communication is limited while private sector awareness slowly increases

The development of a flood risk culture seems to be a priority for many stakeholders at the local level
but the effectiveness of risk communication appears limited. French risk regulations make procedures to
inform citizens about the risk they are exposed too. However, they do not institute quantified objectives
for risk awareness. At the same time, non-regulatory innovative approaches for raising citizens’ aware-
ness have met with a good response from the population (exhibitions, work in schools, 3D films).
Overall, it would appear that the public decision-makers’ failure to communicate on the subject is a
major factor limiting the development of a culture of risk. This reveals a low awareness of the risk,
since flooding continues to be considered unlikely.
In companies, awareness has increased in recent years but is still variable. Large companies in a cer-

tain number of sectors (energy, transport, water, telecommunications, banking) have become aware of
this risk through their participation in crisis preparedness or through the regulation on business conti-
nuity for vital sectors. Conversely, smaller companies or other sectors have only a very limited
awareness of the risk. There are very few actions intended for small businesses, nor toward essential
stakeholders for resilience development such as those in engineering, urban planning or architecture.
Ultimately, the differences in the degree of awareness and commitment between the various sectors
and the various stakeholders hamper the development of a genuinely shared culture of safety.

4.4. Control of urban development in the floodplain comes up against limited regulatory tools

With regard to territorial resilience, risk prevention policies based on controlling urban development
have only limited effects in respect of the underlying economic issues at stake in the Paris area. The sharing
of responsibilities for land use planning prevents a coherent management of the risk. The local develop-
ment approach, instead of encouraging municipalities to limit building in the floodplain, encourages them
to develop these often very attractive areas. In this context, where the fabric of the urban areas does not put
the flood issue at the forefront of its planning process and does not set any objectives, public decision-
makers and planners are ultimately content to live with the regulatory aspects, particularly through the
Flood Risk Prevention Plans. These documents negotiated by the State and the local authorities only deter-
mine a few non-constructible zones; they are not standardised across the different areas at risk in the basin,
do not impose specific regulations to network operators and are not restrictive with regard to existing con-
structions, which are predominant in Île-de-France. In this way, over the past 20 years, 1,500 hectares of
the floodplain have been built on, including some major infrastructures (IAU, 2011a, b).

4.5. Urban planning and innovation policies could use the Greater Paris project as an opportunity to
boost resilience

The Greater Paris project includes urban densification and the development of a major transport net-
work by 2030. In the context of a densely populated urban area, this project offers opportunities: a
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flood-resilient city may emerge from innovative urban projects built along the Seine. Examples in other
OECD countries show that resilience can be the source of innovation and, in this way, participate in
green growth (OECD, 2013). Certain initiatives have proved that it is possible to build an urban environ-
ment with infrastructures that are resilient to floods or to improve existing constructions when a strong
political will and a sustainable governance structure carry this ambition. Resilience to floods is at the
heart of the project for the urban renewal of the Ardoines district, severely exposed to this risk. Located
in the area of the Orly-Rungis-Seine-Amont Development Agency, this project is directly managed by
the State and may serve as an ambitious demonstration of resilience innovation (Brun & Adisson, 2011).
Similarly, initiatives around green and blue corridors in the Île-de-France region may incorporate flood
prevention.

4.6. Investment in improving the resilience of critical networks and infrastructures will be key to
ensuring resilience for the whole metropolitan area

Urban networks and critical infrastructures structure the region and enable it to function on a daily
basis (electricity, water, telecommunications and transport). Despite the existing regulatory or contrac-
tual context, it appears that the requirements for business continuity are not sufficiently high to allow
rapid recovery in the event of a major flood. Work on crisis management has contributed to raising
the operators’ awareness, to persuade them to assess their vulnerability, and the cascading effects
they could create for other business sectors. Nevertheless, there are still great differences in their aware-
ness levels, preparedness and resilience. Some have a precise flood risk assessment, have developed
Business Continuity Plans and have sometimes invested significantly to reduce their vulnerability
(including relocation). Others, however, have made few efforts or are even reluctant to share their infor-
mation which could be useful for everyone’s resilience. There is no precise standard or overall
harmonisation which would determine the resilience and protection levels required and which would
measure them with predetermined indicators. Investment in infrastructures planned for the next 30
years could be used to improve the networks’ resilience.

4.7. Efforts made to increase resilience and improve public services and business continuity seem
limited

With regard to companies and public services, the development of business continuity and investment
in prevention is in its early stages. To ensure the continuity of government, plans must be developed by
all ministries. Furthermore, resilience processes in local authorities and particularly the municipalities
are limited: less than 40% of the municipalities concerned have developed a continuity plan. If a
major flood were to happen, it is uncertain whether a large number of public services would continue
to function. The private sector, and in particular large companies, is increasingly encouraged by the mar-
kets to take into account its risk exposure, the possible effect on the business plan and the measures
likely to reduce the risk. The commitment made by companies in the private sector to improve their
own resilience seems to be related to their size or to their sector. While some large companies have
already developed or are currently developing their own prevention and flood risk strategies in accord-
ance with the regulatory framework and the regulation authorities (banks, telecommunications), overall,
SMEs are still vulnerable and ill-prepared.
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4.8. Levels of protection against floods are not harmonised at the Paris urban area scale

The difference between the levels of protection provided by dykes and clay walls, and the relative
levels of maintenance and investment between the centre and the outskirts of the urban area do not
ensure uniform protection for the citizens of Île-de-France, reflecting the historic layers which no
longer correspond to today’s urban and industrial density (Figure 4). Recent efforts to analyse their vul-
nerability under the auspices of the State should be emphasised, as well as the reinforcement work
carried out in some places, albeit in a somewhat fragmented approach due to separate contracting auth-
orities. Contrary to other OECD countries, the lack of any predefined standard level of protection
accentuates the negative effects of the lack of any overall management approach for these protections.
It does not enable the level of risk investment required to be determined at the basin level.

4.9. Hazard control depends on effective management of upstream multiple-use reservoir-lakes

The flood hazard is also managed by four reservoir-lakes built upstream of the basin. With a storage
capacity of 800 million m3, these big dams can together lower the water level by 70 cm in Paris and
reduce direct damage by half (EPTB Seine Grands Lacs, 2013). They are run by EPTB Seine
Grands Lacs whose mission is gradually being extended to other aspects of integrated water resources

Fig. 4. Location of dykes and clay walls in Île-de-France.
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management. Since their construction, in the absence of major floods, the functions of these reservoir-
lakes has become somewhat focussed on these other uses (low-flow support, leisure activities). The
establishment of a new fee collected for the low-flow support service to the major water users will con-
tribute to the EPTB budget, strengthening this part of its mandate. The optimisation of the management
of existing reservoirs with respect to different uses represents a key issue which should be regularly dis-
cussed, particularly in the context of climate change.

4.10. The issues of an innovative but costly new infrastructure in La Bassée

A new hazard reduction project has emerged, the La Bassée project, which raises questions on the
funding of and priorities in hazard control actions and governance. The innovative approach of this pro-
ject consists of pumping water from the Seine, before it is joined by the tumultuous Yonne River, into
storage basins installed along the river. The project was developed with a state-of-the-art approach,
including the consultation of local populations upstream through a large and transparent public
debate, the incorporation of multiple uses in its design (restoration of wetlands, eco-tourism, economic
activities), a positive cost–benefit analysis and a multi-criteria analysis. However, in order to better jus-
tify its cost-effectiveness, this project must still demonstrate its operational utility and respond to some
key questions related to the definition of its operational rules and related decision-making in times of
crisis. The idea to realise this project in stages seems interesting insofar as each stage will enable exper-
imentation to test the structure to reduce the water level in the event of a major flood.
Apart from this potentially large-scale project, other hazard reduction options have also been ident-

ified, such as renovating the Joinville-Le-Pont bypass valve which would protect a large number of the
inhabitants at a low cost, the optimisation of existing infrastructures, or the ecological restoration of the
basin heads, dykes and clay walls. To the detriment of a comprehensive and genuinely efficient
approach, no comparison has been carried out of these different projects in terms of costs and benefits
due to the fact that each of them has a different contracting authority. Together, the establishment of the
local flood management strategy and the Flood Prevention Action Programme project supported by
EPTB Seine Grands Lacs are an opportunity to make a reasoned and transparent choice vis-à-vis all
the stakeholders between these various options, including non-structural measures.

5. Financing flood resilience in Île-de-France

5.1. How can resilience be financed within a constrained budget context?

Funding the preventive actions required to increase the level of resilience remains a major issue.
Within a context marked by under-investment in the past, and the current difficult economic conditions,
investment in prevention is under pressure, given concerns for balancing the budget and the necessity to
decide priorities for public spending. In the Île-de-France region, as often elsewhere, decisions to under-
take and to fund prevention are dependent on the economic context or the triggering role of recent
events (OECD, 2014a, b). The lack of any significant flood event over the past 60 years tends to
reduce awareness and does not motivate stakeholders to structure a financial approach to prevention
challenges. The differences in the levels of risk and the amount of prevention efforts between the differ-
ent exposed areas of Île-de-France make it difficult to fund infrastructures which would be of greater
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benefit to some rather than others. This leads to a lack of action for funding more collective resilience.
The allocation of prevention resources is a challenge which requires demonstration that public funds are
used as efficiently as possible.

5.2. Tools for financing flood risk prevention exist, particularly through insurance

For 30 years now, France has engaged in significant flood risk prevention efforts. A series of innovative
tools has been set up with related funding mechanisms. Funding flood prevention is generally based on soli-
darity mechanisms. In addition to national budget resources, France has established an original collective
insurancemechanism, the Cat-Nat insurance regime, based on a public–private partnership between insurance
companies and the State and on the solidarity principle – among all the insured – against the risks of natural
catastrophes. This system also makes it possible to make a large contribution to risk prevention funding, par-
ticularly for flood risks, without a direct impact on public finances. Flooding is themost frequent as well as the
most damaging natural disaster in France. Nevertheless, this system is faced with growing demands.
Additional resources come from local authorities, which are generally mobilised through contractual

tools with the State such as the Large River Plans and the Flood Prevention Action Programmes
(PAPI) or to fund basin organisations such as EPTB Seine Grands Lacs which manages the Seine’s
upstream reservoir-lakes. Other sources of finance can also be used for prevention, such as those linked
to wider water policy like the water agencies, network operators and companies (which could invest in
their own resilience), or the European Union (particularly to implement the EU Floods Directive).

5.3. The financing of flood prevention in Île-de-France has benefited from limited existing resources

With annual average damage from the Seine flood risk equivalent to one quarter to one third of annual
average damage caused by floods in France – 1 to 1.4 billion euros (MEDDE, 2012) – it would seem rel-
evant to match the prevention efforts to this level of risk. Expenditures on flood prevention in France may
be assessed at between 300 and 450 million euros, or about one third of the estimated damage (MEDDE,
2013). Such a level of investment in preventionmay be considered satisfactory in view of the public expen-
diture effectiveness criteria, if it is ensured that these funds are allocated as a priority towards the
preventive measures which have the greatest benefits. Although important investments allowed the
upstream reservoir dams to be built in the past century, it appears that the instruments for funding preven-
tion have played a very small part in reducing the vulnerability of Île-de-France over the last 20 years,
compared with other regions or river basins. Other strategic priorities, in particular measures to protect
human lives, have mobilised authorities and the available prevention funds. This has led to a certain
delay in funding the prevention of this major flood risk, as a flood of the Seine would have limited casual-
ties. Up to now, the national allocation of resources has not been based on criteria giving priority to
resources according to the level of risk. This is changing with the implementation of the EU Floods Direc-
tive which identified the most risk-prone territories, of which the Paris metropolitan area is one.

5.4. The development of a financing strategy may be based on principles aligned with improved
governance

There is room for progress in defining a financing approach for prevention which is adapted to the
issues at hand. In the context of strained public finances, the question of additional resources and the
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sharing of efforts (State, local government, businesses, citizens, European funds) may be addressed by
setting out a number of principles for an overall financing strategy. Improved governance of risk man-
agement could help define a level of risk as a shared objective upon which a financial approach could be
developed. The general principle is that the beneficiaries of prevention measures should be the first to
finance prevention (OECD, 2003). Identification of the beneficiaries helps to determine the primary
sources of funding to be raised for such a strategy. Prevention funding must aim at being most effective
through an economic approach based on:

• Coherence: heterogeneity of the different stakeholders’ preventive approaches results in duplicated
actions and extra costs, as well as uncooperative ‘free-rider’ behaviour and distortions of competition
and levels of service.

• Economic efficiency: a generalisation of cost–benefit studies and multi-criteria analysis, apart from
judging the relevance of a specific project, could allow a comparison to be made of the various
options available and their benefits, including non-structural measures.

• Long term: long-term investment planning makes it possible to introduce flexibility in choices, to take
into account the evolution of knowledge and to reduce uncertainties so as to adjust resources in
accordance with needs.

• Equity: this question arises both regarding the strategic allocation of national resources for this terri-
tory exposed to significant risk, as well as allocation within the Île-de-France region, in view of the
differences between the levels of protection.

5.5. Existing and additional resources

A large number of existing financial mechanisms may be further mobilised to prevent this major
risk. Adopting a multi-hazard approach (flood, drought, pandemic, terrorism) can provide access to
the funding of a water policy or for the management of risks in the wider sense. A long-term approach
in relation to the Greater Paris regional development project also opens up avenues. Many European
Union mechanisms also provide funds for risk prevention and this ought to be explored. Several
potential sources of additional finance could be mobilised as well. A certain number of actors in
the private sector would be prepared to provide resources if they are shown that their contribution
to investing in prevention could significantly reduce their level of exposure to the risk. Existing
taxes on added-value real estate in the flood zone, local taxes or those on the tourist sector could
also be explored as sources of funds. New resources in the form of service fees established for
low-flow support by EPTB Seine Grands Lacs could also inspire a similar system benefiting flood
protection, particularly for network operators.

6. Policy recommendations

This review of public policies for the prevention of the Seine flood risk in the Paris Île-de-France
region has led to the development of policy recommendations that the French authorities may wish
to consider to set up an ambitious resilience strategy for this major risk, as listed below. An inclusive
discussion with all the key stakeholders as well as a peer review with other OECD countries in the
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framework of the OECD High Level Risk Forum has ensured their relevance to the challenges identified
in this analysis.

1. Ensure the appropriate linkages between the various levels of flood prevention – from the exposed
Île-de-France metropolis to the river basin.

2. Define an ambitious and mobilising global vision over the long term together with actionable
principles.

3. Break down the global vision into precise objectives and make the stakeholders aware of their
responsibilities.

4. Create effective gateways between the flood risk management strategy and related public policies.
5. Continue to improve and harmonise risk knowledge and ensure that risk information is made

available.
6. Reinforce the risk culture of citizens, decision-makers and companies.
7. Improve territorial resilience, using the opportunities offered by the Grand Paris project.
8. Gradually improve the resilience level of critical networks and take steps towards preserving the

continuity of business and public services.
9. Place the flood protection infrastructures under the responsibility of a single contracting authority.
10. Encourage experimentation with regard to the La Bassée storage project.
11. Support the local Seine flood risk management strategy in the Île-de-France with a clear financial

strategy.
12. Mobilise all the beneficiaries of preventive measures in a multi-level approach.
13. Strengthen efforts to clarify the priority criteria for prevention funding from State resources.
14. Re-examine the impact of the Cat-Nat compensation scheme on flood risk prevention.

Disclaimer

The opinions expressed and the arguments employed in this paper are those of the author and do not
necessarily reflect the official views of the OECD or of the governments of its member countries.
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Abstract

The paper argues for an integrated approach to the management of water-related disasters that becomes a full
part of the political decision-making process at the earliest possible moment and focuses on preparedness, mitigat-
ing their negative impacts and also considering their positive impacts, particularly those of floods. By doing this,
there is an opportunity to consider the three pillars of sustainable development, and understand the options that
exist and the trade-offs that may need to be made between economic efficiency, environmental sustainability
and social equity. Within the post-2015 agenda, water-related disasters are addressed by targets under a
number of different Sustainable Development Goals (SDGs). As climate change becomes an ever-more-present
reality, whose impacts are often experienced through water-related disasters such as floods and droughts, there
is an urgent need to build disaster-resilient societies through more integrated policies and practices, including sta-
keholders’ perspectives and a partnership approach. The paper provides stakeholder perspectives and approaches
from around the world that are putting these ideas into practice.

Keywords: Disaster; Drought; Flood; Post-2015 agenda; Resilience; Sustainable development

1. Introduction

Building social resilience to water-related disasters is a slow process of evolution in thinking, nego-
tiating and developing the frameworks to understand and manage risk. Step by step, policies and
practices are being put in place and tested. At the World Summit for Sustainable Development in Johan-
nesburg, 2002, countries agreed to develop and implement integrated water resources’ management
(IWRM), based on the three pillars of sustainable development: namely, social equity, economic effi-
ciency, and environmental sustainability (UN, 2002). During the first World Conference on Disaster
Reduction in 2005, the Hyogo Framework for Action 2005–2015 was agreed within the International
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Strategy for Disaster Reduction (ISDR), to make the world safer from natural hazards and to reduce dis-
aster losses (UN ISDR, 2007). In 2007, the Conference of the Parties to the UN Convention to Combat
Desertification (UNCCD) adopted a 10-year strategic plan to reverse and prevent desertification and to
mitigate the effects of drought, in order to support poverty reduction and environmental sustainability
(UNCCD, 2007). The 3rd World Climate Conference in 2009 established the Global Framework for
Climate Services, providing climate-related information to help countries manage the risks of climate
variability and change (World Meteorological Organization (WMO), 2009). In 2015 the 3rd World Con-
ference on Disaster Risk Reduction in Sendai will set the post-2015 agenda for disaster risk reduction
(DRR), linking DRR with the post-2015 development agenda and the Sustainable Development Goals
(SDGs) soon to be agreed through to 2030. These global milestones all reinforce the interconnections
between water-related disasters such as floods and droughts, integrated approaches to water policy and
water management, and long-term sustainable development.
Of all water-related disasters floods and droughts stand out as two sides of the same coin, yet they are

much more complex than simply a question of too much or too little water. Both have deeply rooted
social and economic dimensions that tend to dominate our thinking, and dominate the way that we
think of water resources’ management. There is evidence that the level of river basin development
itself changes the social and political perception and debate about these issues, increasing the economic
emphasis. One consequence of this is that societies lose sight of the inherent value that flood and
drought cycles can have in an ecological sense, and in the context of long-term river basin development.
Day to day, decision-makers are facing the hard reality that managing the uncertainties of an increas-
ingly variable climate is vital to socio-economic development. Investing in ‘building back better’
after a disaster is one thing, but much more important is to be proactive and invest now to build resi-
lience against disasters yet to come – to learn to work much more effectively with the forces of nature
than societies have done until now.
In this paper the authors argue the need to adopt integrated thinking and approaches into decision-

making at the earliest possible moment. By doing this, there is an opportunity to consider the three pil-
lars of sustainable development, and understand the options that exist and the trade-offs that may need to
be made, for instance between economic efficiency and environmental sustainability, or between social
equity and economic efficiency. The Global Water Partnership (GWP) works with partner organizations
in many countries to develop such integrated approaches to water resources’ management, to flood man-
agement and to drought management. In the run-up to the post-2015 negotiations, GWP has engaged
stakeholders in 29 countries, through national-level processes. They have expressed clear policy mess-
ages for adopting integrated flood and drought management approaches through these recent
consultations, details of which are included in this paper. As more and more people are affected by
floods and droughts each year, and economic losses mount, there is much greater political urgency
to prepare for these water-related disasters, given their increasing frequency and severity due to climate
change (IPCC, 2007).

2. Floods and droughts as ‘stress tests’ for IWRM

The definition of IWRM is to develop and manage water, land and related resources in order to maxi-
mize the resultant economic and social welfare in an equitable manner without compromising the
sustainability of vital ecosystems (Global Water Partnership (GWP), 2000). Clearly, too much or too
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little rain provides a stress test on the coordinated management of water and land resources. The process
of IWRM is an adaptive approach that relies on coordinated decision-making across sectors and scales,
involving many different stakeholders and institutions. Extreme deviations from normal conditions can
be seen as a test of the robustness of the measures that societies are taking to manage water.
We look first at the integrated approach to flood management, which is firmly rooted in and takes its

principles from IWRM, integrating land, water and risk management (see Figure 1). Integrated Flood
Management (IFM) recognizes that floods can never be fully constrained, that they do not only pose a
threat but also have beneficial impacts, and that these impacts affect many sectors of the economy. The
concept shifts the focus from flood control to flood management and to flood risk reduction.
Any intervention to improve the use of the river basin assets (both in terms of water and land) must

recognize that flood risk and its consequences (i.e. in human lives lost, and in economic loss and
damage) cannot be totally controlled. The concept of IFM thus brings an innovation: although reducing
loss of life should remain the top priority, the objective of flood loss reduction should be secondary to
the overall goal of the optimal utilization of floodplains. It is only by taking the whole catchment area
into consideration in the long term that the best use of scarce resources can be decided, and unintended
consequences can be avoided. For instance, channelling flows for flood control upstream can result in
increased flooding downstream; allowing development in the floodplain that seals off the soil surface
and increases run-off also increases flood risks downstream. Straightforward benefit–cost ratio calcu-
lations for new infrastructure development, including flood control measures, need to give way to
broader multi-criteria analysis, and both ‘hard’ interventions, such as dykes, and ‘soft’ interventions,
such as early-warning systems, need to be in place. IFM aims to maximize the net benefits from flood-
plains, meanwhile minimizing loss of life. Such an integrated approach can be implemented only with
the active involvement, which draws on the knowledge and skills, of all the affected stakeholders.
As the water resources within river basins are harnessed for social and economic development there is

growing pressure placed on ecosystems, particularly aquatic and floodplain ecosystems. In many
countries, this pressure is acknowledged with the emergence of environmental water reserves

Fig. 1. IFM integrates land, water and risk management in river basins under the framework of Integrated Water Resources
Management (World Meteorological Organization (WMO) & Global Water Partnership (GWP), 2013).
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(Mexico and South Africa), water entitlements held for the environment (Australia), or environmental
flows (Germany, Costa Rica). Infrastructure investments in many of these river basins have captured
the surface run-off from small and medium flood events, and offered a degree of mitigation for large
flood events. However, it is often these small and medium flood events that have ecological signifi-
cance, especially in the riparian zone. Given this strong relationship between social, economic, and
ecological dimensions of flood events, an approach based on IFM is best placed to assess the trade-
offs that are being made within the overall river basin context.
The traditional approach to floods focused on reactive practices to reduce exposure to flooding and

susceptibility to flood damage, mainly through structural measures separating the river from its
floodplain. Over the course of time, these ad hoc interventions (often based on a narrow benefit–cost
ratio analysis) proved to be only partially effective, shifting rather than mitigating flood risk. The
acknowledgement of the necessity for a wider multi-disciplinary approach led to a paradigm shift
from flood control to flood management and to flood risk reduction. This indicates a proactive mentality
that recognizes that floods can never be fully constrained and that there will always be residual risks,
but, at the same time, that floods also present positive aspects in terms of ecosystem benefits.
It is interesting to note that there is a growing awareness of the need for floodplain management from

an integrated water and land-use perspective. In some rapidly developing countries this is leading to the
identification of land-use zones that are designated to provide flood mitigation (as in China). In heavily
developed floodplains such as in the Netherlands, a new approach is emerging that includes new infra-
structure, breaching levee banks, recreating natural flood zones, and rethinking planning and
development (Room for the River, 2007). Participatory processes, bringing to bear the views of a variety
of stakeholders, are vital in order to enable these new approaches to succeed from a social perspective.
The defining feature of IFM, that of integration, is intended in both a horizontal and a vertical sense.

While the first refers to a cross-sectoral decision-making process, the second entails a participatory and
transparent approach at different levels of decision-making (national, regional, watershed scale, local).
Together, they materialize in different forms: an appropriate mix of strategies, carefully selected points
of interventions, and appropriate types of measures (structural or non-structural, short-term or long-
term).
As a result, an IFM plan should be built on the following six pillars:

• manage the water cycle as a whole;
• integrate land and water management;
• assess and manage risk and uncertainty;
• adopt a best mix of strategies;
• ensure a participatory decision-making approach with a range of stakeholders;
• adopt integrated risk management approaches.

Integrated Drought Management – on the other side of climate extremes – also focuses on prepared-
ness, prevention and mitigation. This takes place, however, in a very different context, since floods often
appear rapidly, while droughts are slow-onset, creeping disasters that have a longer time frame for pre-
diction and diagnosis. UN-Water (2013) notes that ‘drought of different types (meteorological,
hydrological, agriculture, socioeconomic) is a significant hazard and often results in catastrophic disas-
ters.… drought impact is broad and data are scarce’. For many, a drought is a prolonged, abnormally
dry period when there is not enough water for users’ normal needs. However, as the Bureau of
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Meteorology (BOM, 2011) notes that ‘drought is not simply low rainfall… Because people use water in
so many different ways, there is no universal definition of drought.’
While the traditional approach to drought has often focused on an emergency, humanitarian response

to hunger and loss of livelihoods, integrated drought management focuses on the whole cycle of disaster
management, with a focus on the risk management aspect of the cycle as depicted in Figure 2. This
longer-term approach enables integrated drought management to contribute to food security, poverty
reduction and sustainable development efforts.
Traditionally, the response to drought has been reactive, managing the crisis rather than forecasting

and taking preventive actions. This approach to drought management responds to the impacts of drought
once they occur in an attempt to speed the recovery process. This crisis management approach has been
noted to be costly, largely untimely, poorly coordinated, and often results in resources or assistance
being misdirected. While the agricultural sector is often the hardest hit, drought can impact many sectors
of the economy. One particularly crippling impact is on the generation of hydropower and other forms
of energy, which then has a knock-on effect on social and economic activities across the spectrum –

hospitals cannot function properly, traffic lights stop working, industries close down or work shorter
hours.
Drought impacts illustrate the vulnerability of societies to drought. Assistance to those affected by

drought, while essential in the short term, is treating the symptoms of vulnerability rather than its
causes. In fact, many assistance programmes might result in increased vulnerability to future drought
events by making individuals and societies more dependent on government programmes or assistance
from donor organizations. As a consequence of an increased frequency of drought and societal vulner-
ability to extended periods of water shortage, the economic, social and environmental impacts of
droughts have increased significantly worldwide. Because of their long-term socio-economic and
environmental impacts, droughts are by far the most damaging of all natural disasters.
More recently, the focus in the immediate aftermath of a drought has shifted to building resilience,

through planning and preparedness for the next drought. Local media coverage can be very useful in
promoting the concept of drought-proofing, where the focus is on infrastructure for increased water

Fig. 2. Cycle of Disaster Management (Source: National Drought Mitigation Center, University of Nebraska-Lincoln in World
Meteorological Organization (WMO) & Global Water Partnership (GWP), 2014).

A. Grobicki et al. / Water Policy 17 (2015) 180–194184



storage capacity and the diversification of urban water supply options such as desalination, water reuse
and recycling, and wastewater treatment. Energy supply also needs to be drought-proofed in various
ways, while agriculture is often the hardest-hit sector of all.
A good example of an economic instrument that is starting to gain traction is water markets that can

help water users and governments manage trade-offs between the different water uses as well as the
environment, particularly in dry years (Grafton & Horne, 2014). In Australia the impacts of widespread
drought in 2008–2009 saw the highest average prices for water (over A$400/megalitre (ML)), while
2010–2011, a relatively wet year, saw prices drop to A$20/ML. Such practices can be a market-
based way of incorporating stakeholder perspectives – as these are then expressed through the water
price. It must be noted, however, that a certain level of infrastructure and reticulation needs to be present
to move water around in order for such economic instruments to be applicable.
Participatory approaches remain vital to finding solutions to drought challenges across various differ-

ent economic sectors. For example, a central challenge that agricultural researchers are tackling is that of
devising technologies that improve the drought resilience of agricultural production. Major food crops
have been developed that are drought-tolerant or reach early maturity. This research relies on crops that
have developed in harsh dry-land conditions by exploiting their drought-tolerance genes through plant
breeding programmes. Scientists are either using molecular markers to better understand the genetic
basis of drought tolerance and selecting for this trait or they are employing a practice called participatory
plant breeding. The latter technique proactively involves farmers who observe productivity of the crops
and select those plants that perform better under drought conditions. Despite some success stories, pro-
gress on building drought resilience in agriculture has been slow, and much remains to be done.1

An additional perspective is to look at the public-policy instruments that come into their own during a
drought. Developing these with foresight requires sustained attention and considerable political will.
Guidelines now exist to support countries in the development of a proactive drought policy and the var-
ious instruments to be applied (World Meteorological Organization (WMO) & Global Water Partnership
(GWP) 2014). Experience in many countries shows that drought is a severe stress test for IWRM, as so
many sectors are involved.

3. Establishment of APFM and work in countries since 2001

The Associated Programme on Flood Management (APFM) is a joint initiative of the World Meteorologi-
cal Organization (WMO) and the GlobalWater Partnership (GWP) with the objective to promote the concept
of IFM as a new approach to dealing and living with floods. To this aim, it facilitates dialogue and provides
communities, civil-society organizations and government entities with guidance on flood management in
order to apply an integrated approach to flood management. More specifically, the APFM’s goals are to:

• promote the principles of IFM within the overall process of IWRM;
• identify gaps in present flood management practices, and stimulate partners to meet critical needs
within their available human and financial resources;

1 More information available at http://www.cgiar.org/www-archive/www.cgiar.org/pdf/drought_tolerant_crops_for_drylands.
pdf.
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• support IFM actions at all levels: national, regional, local and river basin-wide;
• provide a platform for a common strategic vision on IFM issues, and promote the implementation of
effective policies and strategies worldwide;

• promote awareness about flood management issues, build political commitment and trigger action at
all levels;

• provide advice and relevant information to institutions and decision-makers on flood management
issues.

The APFM was founded in 2001 and has been implemented in three phases. The first phase (August
2001–July 2006) mainly focused on the definition of the basic principles of IFM (published in the IFM
Concept Paper and the related Policy Series), the realization of regional pilot projects (in Africa in
Kenya and Zambia; in Asia in Bangladesh, India and Nepal; and in Central and Eastern Europe in Bul-
garia, Czech Republic, Lithuania, Poland, Romania, Slovak Republic and Slovenia), and the link to a
global network of partners through GWP and WMO. The second phase (August 2006–March 2010)
centred on the implementation of the concept of IFM through guidance, training and awareness-building
at the local and regional level, and the establishment of the IFM HelpDesk. The third and current phase
builds on previous work by strengthening the network of partners, providing long-term support and
follow-up. At the same time, new activities are put in place, such as field demonstration projects,
national and regional training courses, e-Learning and an enhanced communication strategy.
As shown in Figure 3, the HelpDesk provides, through the Get Help section, access to three different

services:

Fig. 3. The IFM HelpDesk (World Meteorological Organization (WMO) & Global Water Partnership (GWP), 2013).
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1. Rapid Guidance, to get in touch with the APFM Technical Support Unit and obtain guidance on
flood management policy, law and strategy;

2. Capacity Building, to request the organization of training courses tailored to the needs of the applicant;
3. Pilot Projects, to get assistance to implement IFM principles in the field, in cooperation with

regional, national and local organizations.

Through the Help Yourself function users can access four sub-sections:

(1) Tools and Publications, from which it is possible to download the whole range of publications devel-
oped (the Policy Series, the Tool Series, Training Manuals, Case Studies);

(2) Education, a wide range of material to facilitate self-study targeting different kinds of readers (tea-
chers and students, flood managers, policy-makers, trainers);

(3) Reference Centre Database, a set of interactive databases gathering details of institutions, policies
and literature related to flood management;

(4) Questions & Answers, a collection of Frequently Asked Questions to redirect the user to the relevant
section.

Although freely accessible online, the HelpDesk has been especially conceived as a demand-driven mech-
anism for use by government agencies in charge of flood management; by river basin organizations, bilateral
and multilateral development agencies in the field of water resources and disaster management; by commu-
nity-based organizations and non-governmental organizations (NGOs) engaged in flood preparedness; and
by universities and other capacity-building institutions for the water and disaster management sectors.2

The HelpDesk is made possible by the active support of the Support Base Partners, a network of pro-
fessional institutions and organizations contributing their expertise in IFM and technical backup in various
areas of activity. These range from advice and advocacy in policy formulation, as well as technical issues,
to facilitation of training courses on IFM, to development of tools and capacity-building materials.

4. Establishment of the integrated drought management programme and work in regions
and countries since 2011

The approach to droughts has in the past frequently been captured by relief operations and a focus on
emergency response, rather than an integrated approach that focuses on the aforementioned cycle of dis-
aster management. The technology for drought early-warning systems is progressing very rapidly and is
central to both approaches.
The US Agency for International Development (USAID) established the Famine Early Warning

Systems Network (FEWS NET) to identify drought- and flood-related problems in the food supply
system that potentially lead to famine or other food-insecure conditions in sub-Saharan Africa, Afghani-
stan, Central America, and Haiti. It combines remote sensing data and observations on the ground to
provide early warning of critical situations to enable decision-makers to take action before an emergency
arises.3

2 The HelpDesk is fully operational and can be accessed online at http://www.apfm.info/?page_id=1253.
3 More information available at http://www.fews.net/.
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The WMO and the GWP established the Integrated Drought Management Programme (IDMP) in
March 2013 at the High-level Meeting on National Drought Policy, to establish a long-term partnership
approach and support countries in building resilience to droughts. The scope of the programme is to
contribute to local, national and regional efforts for poverty alleviation in drought-affected regions of
the world through an integrated approach to drought management cutting across sectoral, disciplinary,
and institutional jurisdictions. It draws on the cycle of disaster management (Figure 2) – focusing on
increasing coping capacity and resilience, rather than the traditional approach of crisis management.
Thus the IDMP aims to establish a culture of proactive drought management that focuses on prepa-

redness and drought predictions, and on measures that mitigate the impact of droughts. The areas on
which the IDMP is working are:

• better scientific understanding of, and inputs for, drought management;
• improved knowledge base, with better access to information and products;
• drought risk assessment, monitoring, prediction and early warning;
• policy and planning for drought preparedness and mitigation across sectors;
• drought risk reduction and response.

While the spatial scope is global, the results are expected to be policy-relevant and tailored to specific
regional and national needs and requirements. The intended outcome of the IDMP is to support actors
and partners in various sectors, disciplines and institutions to improve drought monitoring, prediction
and preparedness on a global, regional, national and community scale, and to use this knowledge effec-
tively in the development of short-term and long-term drought management plans and actions.
The GWP through its Regional Water Partnerships guides and assists in developing the regional linkages

of the IDMP together with the WMOs and its links to HydroMet Services and its Regional Climate Centres.
Four regional drought programmes have been established to date, building on the existing institutional capa-
bilities and bringing in a partnering approach that engages multiple stakeholders. For example, the regional
programme of the IDMP in Central and Eastern Europe (IDMP CEE) is led by GWP Central and Eastern
Europe, collaborating closely with the Drought Management Centre for South Eastern Europe (DMCSEE).
The IDMP CEE develops guidelines for preparation of the drought management plans in ten

countries, within river basin management plans according to the European Union Water Framework
Directive. It also carries out national consultation dialogues to discuss preparation of drought manage-
ment plans, compiles a compendium of good practices, establishes a drought information exchange
platform, tests innovative solutions for improved drought resilience in six demonstration projects and
organizes training and workshops.
The IDMP is gearing up to work in the Horn of Africa through its regional programme, IDMP HoA,

and in West Africa through its regional programme, IDMP WAF, to add water management expertise to
existing drought management efforts, and link with GWP’s strong network of partner organizations on
the ground in these regions. The programmes focus on identifying gaps through an integrated approach
to drought management, bringing to bear the network of GWP through its country and regional water
partnerships and WMO’s expertise. Similarly, a Regional Drought Monitoring System is now being
established across six South Asian countries.4 All of these programmes are reliant on the development

4 More information available at http://www.droughtmanagement.info/idmp-activities/south_asia/.
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of ever-better and more-accurate climate services; hence, both the IDMP and the APFM form part of the
Global Framework for Climate Services.

5. Flood and drought in the post-2015 development agenda

Flood and drought have been widely recognized as inhibitors of sustainable development, as they can
wipe out development gains. For example, the Rioþ 20 outcomes document, The Future We Want
(UN, 2012), identifies ‘the need to adopt measures to address floods, droughts and water scarcity’.
This perspective is also a central feature of the proposed SDGs being negotiated by the Open Working
Group of the United Nations General Assembly.
As at 19 July 2014 the final proposals of the Open Working Group (UN, 2014) refer to disasters,

including floods and droughts, under four separate focus areas (poverty, food security, cities, climate)
as shown in Table 1. Unfortunately, while there was a specific target on water-related disasters under the
global water goal (Goal 6) in earlier drafts, this was removed from the final proposals.
Between February and April 2014 the GWP brought together around 1,200 participants in 29 countries

to give voice to stakeholders on proposals for a water goal and targets within the post-2015 development
agenda. The consultations brought together voices from the environment, agriculture, planning, and infra-
structure sectors, including political representatives, government officials, and delegates from the private

Table 1. Proposed Sustainable Development Goals and their associated targets where disasters are mentioned (as at July
2014).

Focus area Proposed target

Goal 1: End poverty in all forms everywhere Target 1.5: By 2030 build the resilience of the poor and those in
vulnerable situations, and reduce their exposure and vulnerability
to climate-related extreme events and other economic, social and
environmental shocks and disasters

Goal 2: End hunger, achieve food security and
improved nutrition, and promote sustainable
agriculture

Target 2.4: By 2030 ensure sustainable food production systems
and implement resilient agricultural practices that increase
productivity and production, that help maintain ecosystems, that
strengthen capacity for adaptation to climate change, extreme
weather, drought, flooding and disasters, and progressively
improve soil quality

Goal 11: Make cities and human settlements inclusive,
safe, resilient and sustainable

Target 11.5: By 2030 significantly reduce the number of deaths and
the number of affected people and decrease by [x] per cent the
economic losses relative to GDP caused by disasters, including
water-related disasters, with the focus on protecting the poor and
people in vulnerable situations

Target 11.b: By 2020, increase by [x] per cent the number of cities
and human settlements adopting and implementing integrated
policies and plans towards inclusion, resource efficiency,
mitigation and adaptation to climate change, resilience to
disasters, develop and implement in line with the forthcoming
Hyogo Framework holistic disaster risk management at all levels

Goal 13: Take urgent action to combat climate change
and its impacts

Target 13.1: Strengthen resilience and adaptive capacity to climate-
related hazards and natural disasters in all countries

A. Grobicki et al. / Water Policy 17 (2015) 180–194 189



sector and civil society (see Box 1). These national consultations considered the proposals for a water goal
and associated targets set out in the UN-Water Technical Advice paper (UN-Water, A Post-2015 Global
Goal for Water: Synthesis and key findings and recommendations from UN-Water, 2014).
An overarching message that emerged from these national consultations (GWP, 2014) is the need for

comprehensive and interrelated targets that further advance integrated approaches to water – ‘Water is
much more than a cross-cutting issue – unless the fundamental role of water and the water issues can be
resolved, other important elements of the new development agenda will be unachievable.’
Climate change was also mentioned frequently throughout the consultations (e.g. Brazil, Bulgaria,

and Tajikistan) with regard to a water goal. Participants highlighted that the impacts of climate
change are already visible worldwide with the growing intensity and unpredictability of floods and
droughts. Looking to the future, the participants argue that there are clearly strong links between adap-
tation to climate change and addressing the requirement of a ‘secure’ and ‘sustainable’ source of water
for all. Therefore, a water goal with a target that focuses on water-related disasters is considered crucial.
At national level there are also calls for a water-related disasters target to give more emphasis to

drought, as experience suggests that there is more attention given to floods. The consultations also
offer some insight into the gaps that are perceived to exist in our ability to address water-related disas-
ters. For example, there are calls for greater knowledge about water-related disasters; implementation of
early-warning systems, resilience and drought-proofing; greater community participation; greater focus
on planning and preparedness rather than on emergency response; and improvements in underlying data
and monitoring systems.
At a global level, through the SDG process, there is a very active debate on the whole question of how

countries might approach the integrated management of drought and flood, within the broader context of
sustainable development. In doing so, there is not really any concern about the language or public per-
ceptions – this approach is seen as a self-evident public good. However, in situations where there are
highly developed land and water rights, strongly connected to economic production, a different
debate emerges.
In Australia, for example, the public discourse has moved on from DRR related to droughts and floods,

to a new concern for the environment (see Box 2). From a technical perspective, it is widely accepted that
regulation of river flows in the Murray–Darling Basin has modified natural flow regimes (MDBA, 2011).
The consequence of this, combined with high levels of extraction, has been a steady decline in the
environmental health of the basin. With recent reforms there is now significant effort to restore the
environmental health of rivers, wetlands, and floodplains – known as environmental watering.
However, it is interesting to consider the public reaction to this and the emergence of a new language

for environmental watering. Hydrologically, environmental watering is the manipulation of river flows
to raise river level to create defined flood events at specific locations and times. Typically, these events
would mimic the small- and medium-sized flood events that would have occurred prior to river regu-
lation and extensive storage of surface run-off. In the Australian example a clear distinction is being
drawn between ‘overbank flows’, ‘natural flow regimes’, and the term ‘flooding’, which invariably cre-
ates a negative public reaction. There is always a residual risk that needs to be carefully managed, in
terms of expectations and reactions. Issues of compensation and blame arise especially where river man-
agers must manipulate river operations to generate the overbank flows – in other words, the flood is
being created; therefore, the flooding does not fall into the general category of ‘acts of God’ or
‘force majeure’. Under these circumstances flood easements or other mechanisms may be necessary
to allow the delivery of ‘overbank flows’.
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Box 1. Perspectives on a water goal and its implementation, expressed during national stakeholder consultations held in
2014 (GWP, 2014)

Argentina: ‘It is suggested that in the basis of the target more emphasis is made on droughts, since
our experience shows that they are not given the same attention as floods’… ‘Since Argentina is
also very affected by climate change… both with respect to floods and droughts, the inclusion of
this target is positively valued’… ‘Mortality reduction and economic loss strongly depend on the
progress that can be made in the other sustainable development goals’.
Bangladesh: ‘About 230 natural disasters occurred in the country between 1980 and 2010, causing
death to 190,000 people, livelihood loss of US$320 million and economic loss of US$550 million. In
terms of death, the cyclonic storm is the most devastating disaster that caused 87% of total deaths. And
in terms of livelihood and economy, flood is the worst disaster in terms of the number of affected people’.
Bulgaria: ‘Nowadays almost no flood protection investments are made, only emergency repairs and
breaks are funded to protect endangered settlements and valuable agricultural land’.
Colombia: ‘Colombia has advanced towards a risk management scheme that has improved the
understanding of disasters, the credibility of public entities with communities, and therefore
mitigates, to a certain point, the impact of disasters. However there is still a long way to go’
… ‘Reduction of disaster impact and the usefulness of early warning systems require big doses of
community participation and capacity building, not only socialisation’.
Ghana: ‘On management of floods, the meeting proposed the development and implementation of
drainage master plans for all communities at risk, backed by implementable disaster management
plans’.
Guatemala: ‘The vulnerability of the country to extreme events had generated the need to develop a
national strategy of risk management, which goes beyond the theme of water’… ‘Investment is
required in development of land management municipal plans, with the risk management component’.
Indonesia: ‘Ecosystems can provide services for drinking water supply, water for food production,
wastewater treatment, and disaster risk reduction’.
Nicaragua: ‘It is necessary to build the capacity of government institutions in order to establish
mechanisms to evaluate Early Warning Systems (EWS) at the national level and identify
communities with high levels of risk’ … ‘it is also necessary to provide training spaces to these
communities on early warning systems created from locally available/low cost materials, disaster
risk reduction and community-level contingency planning’.
Pakistan: ‘droughts show repeat visits with both prolonged and seasonal occurrences’ … ‘disaster
risk reduction activities need to be sustained during peace time and stock building made a regular
feature to deal with upcoming challenges of drought’.
Peru: ‘In Peru, the water-related disasters have been increasing in the last 30 years’… ‘social
networking of stakeholders committed to disaster risk management, including young people,
women, authorities, and others will help in the generation of resilience capabilities’.
Poland: ‘Poland is a country suffering from droughts in the vegetation growing season, which has
a negative impact on water management, especially in agriculture’.
Tanzania: ‘It is important to note that disaster risk management is a multi-sector and multi-
stakeholder issue which engages many relevant ministries and institutions’.
Zambia: ‘On a yearly basis about 19 districts experience floods while 13 districts usually
experience droughts’.
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The Australian example provides two salutary messages for river basins in other continents that are
currently subject to rapid development. Firstly, it becomes very difficult and expensive to rein back
water over-allocations where the institutional mechanisms are not sufficiently flexible. Secondly, an
integrated perspective of water resources’ management from the earliest stages represents the best mech-
anism to balance the social, economic, and environmental interests in water resources, and thereby avoid
the future costs in redressing the balance.

6. Conclusions

From a long-term perspective on droughts and floods, there are clear differences in priorities between
highly developed and regulated river basins and more-natural and undeveloped river systems. Early
years of investment are heavily dominated by the urgency to regulate rivers for drought-proofing as
well as to mitigate flood events, and to harness the resource base for social and economic benefit. It
is clear that the parameters of this debate (floods are bad) live long in the public psyche and through
the cumulative impacts of ever-more-sophisticated policy and operations. The net result is one where
society loses sight of the inherent ecosystem values that floods have, and the fact that these need to

Box 2. Droughts and floods in Australia

The ‘Millennium Drought’ (2001–2009) can be described as the worst drought on record for south-
east Australia (van Dijk et al., 2013), with consequences for ecosystems, the economy, and society.
Particularly severely hit by the Millennium Drought were river ecosystems and irrigated and dry-
land agriculture in Victoria and the Murray–Darling Basin (MDB), Australia’s largest river system.
During this period river regulation provided a highly effective means to manipulate and distribute
the impacts of drought on riverine ecosystems and communities, mitigating the impacts for some by
exacerbating them for others. Water-sharing rules and trading favoured users reliant on continued
supply, including users with needs for irrigation of perennial high-value crops, and users such as the
water utilities, while lower-security water users and riverine ecosystems bore the consequences.
In Australia drought policy can be traced back to the early 1900s. Over the last century the focus
of support has changed over time, from drought-proofing, through irrigation, to direct financial
assistance. With the adoption of the 1992 National Drought Policy, the emphasis shifted again
from drought being classified as a natural disaster towards that of its being a normal component of
the operating environment – a predictable risk that should be carried by those directly impacted
(ABARES, 2011).
However, while drought has been a significant driver of water policy in Australia over the last
century, the issue of floods has also been significant. As a land of ‘drought and flooding rains’,
Australia has been at the forefront of infrastructure development to capture surface water run-off
where practicable to provide inter-annual storage. This, combined with infrastructure to regulate
flow in rivers, underpinned the expansion of irrigation during the latter decades of the twentieth
century. Given the history of economic development based on harnessing water resources, the
complex nature of droughts and floods, and the consequential opportunity for cumulative impacts,
interactions and feedbacks, there has also been a gradual change and broadening in public
discourse in Australia to emphasise ‘natural’ environmental processes.

A. Grobicki et al. / Water Policy 17 (2015) 180–194192



be integrated back into river basin development at the earliest possible opportunity. Where these eco-
system values are not integrated from the outset, the long-term cost means high levels of public
investment to restore river flows for ecological benefit and for the resultant socio-economic benefit.
With climate change as an ever-more-present reality, whose impacts are most often experienced

through water-related disasters such as floods and droughts, there is an urgent need to build resilient
societies through more integrated policies and practices, including stakeholders’ perspectives and a part-
nership approach.

• Strengthening water security requires a proactive and integrated approach to water-related disaster
management, recognizing that the changing socio-economic conditions and levels of development
bring about new expectations of what constitutes water security.

• As river basin management develops in terms of infrastructure, operations and policy, social perspec-
tives on drought and flood change over time.

• Starting with an integrating approach in mind is the best way to avoid long-term costs and anthropo-
genic damage to the natural functioning of river basins.

• An integrated approach to flood management involves looking also at the benefits of floods.
• Integrated drought and flood management needs to consider the whole cycle of disaster management
as shown in Figure 2, aiming to shift the focus away from short-term responses towards longer-term
preparedness, prediction and prevention, with practical measures that reduce the impact of these
extreme events.

• Evidence from many countries shows that there is a popular groundswell of support for better water
security, and an increased awareness of water-related risks. As expressed by the stakeholders quoted
in this paper, a target on water-related disasters within the SDGs is crucial, to ensure that droughts and
floods attract the necessary political will, focus and investment.

References

ABARES (2011). Drought in Australia: Context, Policy and Management. Australian Bureau of Agricultural and Resource
Economics and Sciences, Canberra.

BOM (2011). Living with Drought. Bureau of Meteorology, Canberra.
Global Water Partnership (GWP) (2000). Integrated Water Resources Management, Global Water Partnership Technical Advi-
sory Committee (TAC) Background Paper No. 4, available at: http://www.gwp.org/Global/GWP-CACENA_Files/en/pdf/
tec04.pdf.

Global Water Partnership (GWP) (2014). National Stakeholder Perspectives on a Water Goal and Its Implementation. Global
Water Partnership, Stockholm.

Grafton, R. Q. & Horne, J. (2014). Water Markets in the Murray–Darling Basin. In: Global Water: Issues and Insights. Grafton,
R. Q., Wyrwoll, P., White, C. & Allendes, D. (eds). ANU Press, Canberra, pp. 37–48.

IPCC (2007). Fourth Assessment Report (AR4): Climate Change, available at: http://www.ipcc.ch/publications_and_data/
publications_ipcc_fourth_assessment_report_synthesis_report.htm.

MDBA (2011). The Proposed ‘Environmentally Sustainable Level of Take’ for Surface Water of the Murray–Darling Basin.
Murray–Darling Basin Authority, Canberra.

Room for the River (2007). Approved Decision Room for the River, available at: http://www.ruimtevoorderivier.nl/english/
room-for-the-river-programme.

UN (2002). Plan of Implementation of the World Summit on Sustainable Development, available at: http://www.un.org/esa/
sustdev/documents/WSSD_POI_PD/English/WSSD_PlanImpl.pdf.

A. Grobicki et al. / Water Policy 17 (2015) 180–194 193



UN (2012). The Future we Want. United Nations, New York.
UN (2014). Report of the Open Working Group of the General Assembly on Sustainable Development Goals (Document A/68/

970).
UNCCD (2007). The 10-year strategic plan and framework to enhance the implementation of the Convention, available at:

http://www.unccd.int/Lists/SiteDocumentLibrary/10YearStrategy/Decision%203COP8%20adoption%20of%20The%
20Strategy.pdf.

UN ISDR (2007). Hyogo Framework for Action 2005–2015: Building the Resilience of Nations and Communities to Disasters
Extract from the final report of the World Conference on Disaster Reduction (A/CONF.206/6), available at: http://www.
unisdr.org/files/1037_hyogoframeworkforactionenglish.pdf.

UN-Water (2013). UN-Water Country Briefs: Project Description of the method used, available at: http://www.unwater.org/
fileadmin/user_upload/unwater_newdocs.

UN-Water (2014). A Post-2015Global Goal forWater: Synthesis and key findings and recommendations fromUN-Water, available
at: http://www.unwater.org/fileadmin/user_upload/unwater_newdocs-Water_paper_on_a_Post-2015_Global_ Goal_for_Water.
pdf.

van Dijk, A. I. J. M., Beck, H. E., Crosbie, R. S., de Jeu, R. A. M., Liu, Y. Y., Podger, G. M., Timbal, B. & Viney, N. R.
(2013). The Millennium Drought in southeast Australia (2001–2009): Natural and human causes and implications for
water resources, ecosystems, economy, and society. Water Resources Research 49, 1040–1057.

World Meteorological Organization (WMO) (2009). WCC-3 High Level Declaration, available at: http://www.wmo.int/wcc3/
declaration_en.php.

World Meteorological Organization (WMO) & Global Water Partnership (GWP) (2013). Associated Programme on Flood
Management brochure, available at: http://www.apfm.info/about/APFM_HelpDesk_Flyer_2013.pdf.

World Meteorological Organization (WMO) & Global Water Partnership (GWP) (2014). National Drought Management
Policy Guidelines: A Template for Action (D. A. Wilhite). Integrated Drought Management Programme (IDMP) Tools
and Guidelines Series 1. WMO, Geneva, Switzerland and GWP, Stockholm, Sweden.

A. Grobicki et al. / Water Policy 17 (2015) 180–194194



Integrated actions in the management of critical hydrologic events

Bruna Craveiro De Sá E Mendonça* and Mateus Monteiro De Abreu
Agência Nacional de Águas (ANA), Setor policial (SPO), Área 5, Quadra 3, Bloco M. 70610-200, Brasília, Brazil

*Corresponding author. E-mail: bruna.mendonca@ana.gov.br

Abstract

Owing to the increase in urban populations, there has also been an increased incidence of critical events,
especially those related to floods and landslides. Since the implementation of the National Civil Defense
System in Brazil, a focus on disaster management is no longer the answer when assisting those affected; instead,
the answer has become managing disaster risk, in addition to the response, including prevention and minimizing
the effects of the critical event. This paper highlights the actions for modernization and expansion of the hydro-
logical monitoring network, in particular the alert network, the completion of an atlas of vulnerability to floods and
the deployment of Situation Rooms in the states, with a view to strengthening the role of these bodies in disaster
risk management, and enabling greater responsiveness to these events and the use of the information gathered as a
water resources management tool, allowing for better use of public resources.

Keywords: Critical hydrologic events; Flood vulnerability; Monitoring; Risk management; Situation Rooms

1. Introduction

Brazil’s National Water Agency (Agência Nacional de Águas; ANA), created by Law No. 9984 on 17
July 2000, is an independent national regulatory body, with administrative and financial autonomy,
under the Ministry of Environment. ANA is part of the National Water Resources Management
System and is responsible for implementing the National Water Resources Policy which has, among
its objectives, the prevention of and protection against critical hydrological events (droughts and
floods) that occur naturally or as a result of inappropriate use of natural resources.
ANA has the following among its duties:

• Planning and promoting actions to prevent or minimize the effects of droughts and floods, within the
National Water Resources Management System, in conjunction with the National Civil Defense and
Protection System, to support the states and municipalities. These actions, when they involve the
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application of preventive rationing, may only be promoted observing criteria defined by federal
decree, after consulting the respective river basin committees, if any.

• Setting and monitoring reservoir operation rules to be observed by public and private actors, in order
to ensure multi-purpose water uses, according to the river basin master plans. The definition of the
operation rules for the reservoirs of hydropower plants is to be carried out in conjunction with the
Operador Nacional do Sistema Elétrico (ONS; the Electric System National Operator).

• Promoting the coordination of activities under the national hydrometeorological network in
cooperation with agencies and with public or private bodies that comprise or are users of it.

ANA started to operate its Situation Room in November 2009. Through this facility, the agency moni-
tors the hydrometeorological conditions of priority river basins and of the main reservoirs of the country,
in order to support, in particular, decision-making to minimize the effects of droughts and floods. To do
so, data from monitoring rainfall levels and river flows, the operation of the main reservoirs, weather
forecasts and climate are used, as well as hydrological models and records of occurrences of emergency,
or states of emergency, in the municipalities.
From the flood events which occurred in June 2010 in the states of Alagoas and Pernambuco, in the

Mundaú, Paraíba, Una and Sirinhaém Capibaribe river basins, which resulted in the loss of human lives
and properties as well as dozens of displaced and thousands of unsheltered families, the Agency decided
to support the states in structuring their own situation rooms.
Similarly to ANA’s, the State Situation Rooms carry out monitoring, but on a different spatial scale of

analysis. The situation rooms act as a management center and subsidize the water resources state manager
in critical situation decision making, identifying the possible occurrences of critical events (droughts and
floods) by monitoring the hydrological conditions of the major river systems of the state and the meteorolo-
gical data. Thus, they allow the adoption of preventivemeasures tomitigate the effects of droughts and floods.
To provide the State Situation Rooms with information, especially about floods, it was necessary to

know the areas subject to floods and to verify the impact level and frequency of occurrence of those
events.
The Flood Vulnerability Atlas was designed as a diagnostic tool, which resulted in the obtaining of

information on the frequency of occurrence of floods and the impact levels associated with them. The
intersection of these two pieces of information generated the classification of river stretches according to
their vulnerability to flooding, on a scale of 1 to 1 million, in all Brazilian states, which allowed the
definition of the warning hydrological network in the states.

2. The role of the National Water Agency

2.1. ANA Situation Room

Owing to its geological, geographical and climatological characteristics, floods, droughts, and land-
slides are the most common natural disasters in Brazil, and are strongly related to the occurrence of
weather phenomena, in particular so-called ‘extreme events’.
Floods and droughts have increasingly drawn the attention of society, since they cause significant

economic and social impacts. The year of 2009, in particular, was marked by the occurrence of such
events resulting in significant damages.
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That same year, the ANA Situation Room was inaugurated with the basic function of monitoring the
hydrological trends across the country. This task is accomplished by analyzing the evolution of rainfall
levels and flow rates of rivers and reservoirs, and the weather and climate, as well as performing math-
ematical simulations that help in predicting extreme events (droughts and floods) across the country, in
accordance with the assignments given to the Agency by Law No. 9.984/2000.
Operated jointly by the Superintendency for the Management of the Hydrometeorological Network

and the Superintendency of Multiple Uses and Critical Events, the Situation Room performs the collec-
tion and validation of data and its analysis, aimed at producing reliable and timely information for
decision-making by the ANA Board of Directors.

2.2. Process of coordination with federal agencies

Actions aimed at prevention of critical hydrological events carried out by ANA are part of a set of
actions undertaken at the federal level, in the field of risk management and disaster response. In
recent years, a growing concern regarding risk identification and prevention of natural disasters has
been observed in Brazil, replacing the traditional treatment given to the subject, which focused predo-
minantly on disaster response.
In this sense, institutions dedicated to gathering and networking relevant information to cope with

extreme events were created, notably the National Center for Monitoring and Early Warning of Natural
Disasters (CEMADEN) and the National Center for Risk and Disaster Management (CENAD).
CEMADEN collects and produces information and systems for monitoring and alerts concerning the
occurrence of natural disasters in susceptible areas throughout Brazil, while CENAD aims to manage stra-
tegic actions and disaster response, as shown in Figure 1. Within this structure, CEMADEN sends alerts of
possible occurrences of disasters in mapped risk areas to CENAD. CENAD, in turn, transmits alerts to
states, municipalities and other federal agencies and supports the disaster response actions.
In August 2012, the National Risk Management and Disaster Response Plan (Brazil Ministry of Plan-

ning, 2012) was launched with the goals of protecting lives, ensuring safety and minimizing damage
resulting from disasters, and preserving the environment. The Plan articulates actions of different insti-
tutions, divided into four thematic axes – prevention, mapping, monitoring and alert, and disaster response.

2.2.1. Prevention axis. Prevention includes the infrastructure built as a result of the growth accelera-
tion program (PAC) aimed at reducing the risk of natural disasters. Among the actions in this axis are
slope stabilization work, urban drainage and flood control, and the construction of withdrawal, delivery
and storage systems for drinking water in semi-arid regions to face the effects of drought.

2.2.2. Mapping axis. This axis provides themapping of areas at high riskof slippage, landslides and floods in
821prioritymunicipalities. In thesemunicipalities, intervention plans (which identify the vulnerability of houses
and infrastructure within the risk areas and propose solutions to the problems encountered) will be prepared, in
addition to supporting the preparation of geotechnicalmaps of urban fitness, to assist themunicipalities in spatial
planning. The development of the Flood Vulnerability Atlas is included in the ‘hydrological risk’ component.

2.2.3. Monitoring and alert axis. The actions under this axis aim to strength the monitoring and alert
system, especially through the expansion of the observation network and the structuring of CEMADEN
and CENAD. It also covers the implementation of the State Situation Rooms for hydrologic monitoring.
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2.2.4. Disaster response axis. This axis involves a set of actions which aim to increase the responsive-
ness of disasters occurrences, such as the creation of the National Emergency Force and the mobilization
of National Security Forces to support the states and municipalities when major disasters occur, aiming
to accelerate the implementation of recovery and relief actions.
The main role of ANA in this system, in accordance with Law No. 12,608, of 10 April 2012, is to

continuously produce and forward to CEMADEN and CENAD reliable hydrological information
with appropriate frequency and sufficiently in advance to allow adequate decision-making in a timely
manner. In the case of the occurrence of critical flood events, a task force of geologists and hydrologists
is temporarily mobilized in order to follow the event more closely. In parallel, ANA has elaborated its
Flood Vulnerability Atlas, designed as a diagnostic tool of occurrence and impacts of gradual flooding
in major rivers of the Brazilian basins. This project consisted of the identification of reaches of rivers
where gradual flooding or plain flood occurs, the evaluation of the vulnerability of the affected regions
and the definition of critical areas. Flood vulnerability maps have been made for each of the Brazilian
states.

2.3. Process of coordination with the states

Following the flood events which occurred in June 2010 in the states of Alagoas and Pernambuco
which resulted in the loss of human lives and material goods, as well as the displacement and a lack
of shelter for tens of thousands of families, the agency decided to support the States in structuring
their own Situation Rooms, following the existing ANA model and integrated with it.

Fig. 1. Cycle of risk management and response to natural disasters.
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These rooms are centers for managing critical situations related to water, with the aim of identifying
possible occurrences of critical events and thus allowing the adoption of preventive and mitigatory
measures that minimize the effects of droughts and floods. In addition to the state water resources man-
agement agency, State Situation Rooms typically rely on the presence of the local technical
meteorological institute and the State Civil Defense. The working scale and the local knowledge gath-
ered there allow the detection of and attention to regional events, unlike in ANA’s Situation Room,
which operates nationwide and on a macro scale.
Through technical cooperation agreements between ANA and the states, signed to set up the State Situ-

ation Rooms, the agency provides the necessary infrastructure for the rooms and data collection platforms
(DCPs), to compose a monitoring and alert network in the major watersheds affected by floods, identified
in the Flood Vulnerability Map. It also provides training and necessary software for their operation. The
states, in turn, are committed to providing the physical space and furniture to deploy the rooms, as well as
specific technical staff to perform the office and field activities necessary for their proper functioning.
Each technical cooperation agreement requires an annual basis work plan which provides the implemen-

tation of activities that contribute to the process of deployment and operation of the rooms and their
integration with the Situation Rooms of ANA and other federal, state and municipal bodies. So far,
ANA has helped establish Situation Rooms in all of the country’s state capitals and in the Federal District.
In 2012, the program designed to support the implementation of Situation Rooms joined the moni-

toring and alert axis of the National Risk Management and Disaster Response Plan, which had its
implementation monitored by the Casa Civil (Office of the Chief of Staff of the Presidency). Moreover,
CEMADEN will receive reports from the Situation Rooms and send notices to CENAD, following the
example of interaction achieved between CENAD and the Pernambuco Situation Room.
The Flood Vulnerability Atlas also had the participation of states in its preparation, which assisted in

the identification of vulnerable river stretches and in the estimation of the frequency and impact of gra-
dual floods. From this information, the vulnerability of river stretches and critical basins within a state
were defined. This study contributed to an indication of the need and location for additional telemetric
hydrometeorological stations, which are monitored and maintained by State Situation Room staff.
In the long term, ANA will support states in developing flood hazard maps, flood risk maps, alert

levels in rivers and reservoirs and the impact of dam breaks. Furthermore, ANA also supports the devel-
opment or improvement of hydrological forecasting systems.

2.3.1. Spatial distribution of critical events related to water. First, it is important to note that the
phenomena of drought and flood are distinguished in several ways: while floods affect cities located
on the margin of rivers, hydrological droughts affect broader regions where there is insufficient water
to meet demand. Moreover, floods generally are processed much more quickly than droughts, which
are usually recorded after long periods of a negative precipitation anomaly. On the other hand,
floods are usually associated with high rainfall sufficiently able to raise the level of a river beyond
the limit supported by its channel, natural or artificial, which shows a close relationship between a
weather event and urban occupation and the occurrence of a flooding event.
To synthesize the distribution throughout the Brazilian territory of critical hydrological events of

floods and droughts monitored in ANA’s Situation Room, the next items considered were the main
results presented in the Brazilian Atlas of Natural Disaster (Brazil Ministry of National Integration &
Federal University of Santa Catarina, 2012) published by the Ministry of National Integration, and
shown in the maps and charts which follow.
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2.3.1.1. Floods
The term ‘flood’ can be understood as the overflow of water from the normal channel of rivers, seas, lakes

and reservoirs, or water accumulation by poor drainage in areas not normally submerged. Depending on their
magnitude, floods are classified as exceptional, of highmagnitude, normal or regular, or of small magnitude.
Gradual flooding includes floods where the gradual rise of the water level of a river, above its natural

channel, occurs. The prediction of the occurrence of such events can be made with the use of ANA’s
river flows monitoring network. Thus, the monitoring developed in the Situation Room is more focused
on the prediction of gradual flooding. To assist in understanding how such events are distributed over
the Brazilian territory, they are presented below in Figures 2 and 3.
An analysis of Figure 3 shows that the southeast region has the highest number of recorded cases of

gradual flooding in the country, followed by the northeast and south regions. Considering monthly dis-
tribution, there is a highlight in the peak occurrences in the southeast in January. The high number of
occurrences in the north and northeast in April also stand out.

2.3.1.2. Flood Vulnerability Atlas
This Atlas is focused on gradual flooding or plain flooding events, which have the slow ascent and des-
cent of river levels as their main characteristic. These events are seasonal almost all over the country,
with the beginning of floods varying depending on the rainy season (Figure 4). In the basins of the

Fig. 2. Natural disasters caused by gradual flood in Brazil from 1991 to 2010 (Brazil Ministry of National Integration & Federal
University of Santa Catarina, 2012).
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southeast, northeast and south regions, the flooding cycle is well defined, and the events generally occur
at intervals of days or weeks and can repeat successively throughout the rainy season. In the north and
midwest, large basins such as the Amazon and the Pantanal, have long cycles of floods, which last for
months. They are also disasters with high economic loss in the affected areas, although the number of
deaths is lower than in other water-related phenomena, such as torrents during heavy rains.
The flooding information was gathered in each state through meetings held during 2011 and 2012, in

which the most relevant actors in tackling the issue were put together. All meetings were conducted by
the state water resources management agency, with the participation of ANA. The involvement of the
State Civil Defense is also highlighted. In each state there was a different composition of the participants,
considering their involvement in the theme, region and the organizational structure of the State Government.
The Geological Survey of Brazil (CPRM), the Hydroelectric Company of San Francisco (CHESF) and the
National Department of Works Against Droughts (DNOCS)1 also attended the meetings.

Fig. 3. Distribution of disaster caused by gradual floods in Brazil by region for the period from 1991 to 2010 (top) and the
monthly occurrence of gradual flooding by region (bottom) (Brazil Ministry of National Integration & Federal University of
Santa Catarina, 2012).

1 CHESF and DNOCS attended the meetings held in their area of activity (basically, the Brazilian northeast).
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To obtain the effective participation of states in preparing the maps, the first activities were the pres-
entation of the objectives and methodology of the Atlas, through meetings in the states, which primarily
involved the water resource management bodies and civil defense organizations. On these occasions,
ANA presented preliminary maps from which each state could meet its set of information and records
of flood events. Some states chose to hold several meetings in addition to the events organized in con-
junction with ANA, as well as workshops to review the maps, which extended the deadline initially set.
The project was developed following the steps listed below, which have their own methodology and

products:

(a) flooding stretches;
(b) vulnerability of flooding stretches;
(c) critical areas.

2.3.1.2.1. Flooding stretches. The purpose of this step was to identify the geographical distribution of
the occurrences of floods in Brazil’s major rivers, their frequency, magnitude and associated impacts,
i.e. to gain a picture of events occurring in a given length of time.
The flooding stretches were identified by visits to the water resource management agencies and the

states and the Federal District Civil Defense, in which the following issues were evaluated:

• where floods occur in the state;

Fig. 4. Critical periods for flood monitoring in the Brazilian regions.
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• how often the river stretch flooded;
• what is the impact caused by flood in each stretch.

At this stage, a map of flooding stretches was consolidated for major rivers on a scale of 1 to 1 million,
gathering the information collected in the states. The municipality boundaries and the municipality
headquarters were also represented on the map in order to serve as a physical basis for signaling the
flooding stretches. When working at the national level, the issue of scale becomes a relevant factor
for the representation of information. The waterbase used today by ANA for application throughout
Brazil is the so called ‘Hintegrada’, which is comprised of the graphical representation of the systematic
mapping rivers at the scale of 1 to 1 million, as required by the Brazilian Institute of Geography and
Statistics (IBGE), using the Otto Pfafstetter coding methodology. From ANA’s basic hydrological
data, a common period of daily rainfall data was determined for selected rainfall stations, to perform
frequency analysis in order to identify the most recurrent extreme daily values, from which the occur-
rence of floods was estimated.
Even as a by-product, a map based on ‘Otto’ sub-basins was generated, which is useful for many

other purposes at ANA, such as studies of grants of water, hydrologic modeling, identification of drai-
nage areas of hydrological stations and alert systems.

2.3.1.2.2. Vulnerability of flooding stretches. The purpose of this step was to estimate the flooding
stretches vulnerability in relation to the frequency of floods and their impacts. The vulnerability results
from a qualitative assessment of the data gathered in the previous step, undertaken by classifying the
frequency of occurrence and the level of impacts associated with flooding.
The frequency of floods is classified in the following ranges:

• High: floods occur within less than 5-year intervals;
• Average: floods occur between 5- and 10-year intervals;
• Low: floods only occur within intervals exceeding 10 years.

The level of impact was rated according to the criteria below (Figure 5):
Finally, the vulnerability was evaluated by performing the following combination of frequency and

impact: high, when the impact is high for any frequency or when the impact is medium and the

Fig. 5. Classes of impacts.
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frequency is high; low when the impact is low and the frequency is medium or low; medium in all other
cases, as shown in Figure 6.
The Annual Flood Occurrence Map serves to validate the results obtained in this step. Records of the

occurrence of flooding and consequent damage to the population were determined by the National
Secretariat of Civil Defense (SEDEC/MI) and IBGE, which were compiled and stored in a georefer-
enced database for application in the 1:1000000 scale.
The most significant disasters and areas of greatest frequency were identified and ranked by munici-

pality, following the form of organization by the Civil Defense and IBGE. The National Secretariat of
Civil Defense provides, in addition to recording when and where the event occurs, data on damage to
people and property, by consulting reports submitted by the municipalities. IBGE has recently published
the results of the National Survey on Sanitation (2008), in which the incidence of flooding in cities over
the past 5 years was investigated. As a result it was found that 48.7% had no flood problems, 27.4% had
floods or overflow problems and 23.9% had flooding or overflow issues due to bottlenecks. Also it was
discovered that 60.7% of the municipalities had urban occupation in areas that are naturally subjected to
flooding.
After the water management bodies and the states and Federal District Civil Defenses reviewed the

results, the maps were drawn from the IBGE Continuous Cartographic Base of Brazil (BCIM) to the
Millionth Scale. The hydrography follows the Otto Pfafstetter encoding to identify each river stretch,
seeking their integration within the National Water Resources Information System (SNIRH). All infor-
mation feeds a geographic information system, from which the maps are developed for each theme.
Figure 7 summarizes the steps taken to build the Flood Vulnerability Atlas.

2.3.1.2.3. Critical areas. At this stage, from the data and maps produced in the previous steps, the critical
areas for the occurrence of floods (either due to high exposure to events or a lack of preparation for
dealing with them) were identified. From this summary, the preventive actions below were rec-
ommended, preferably in the form of nonstructural measures. These measures required the adequacy
of the telemetric network of ANA, the states, National Institute of Meteorology (INMET) and National
Institute for Space Research (INPE), and required the drafting of a reference manual providing guidance

Fig. 6. Definition of the vulnerability level.
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on the technological and institutional options for coping with floods, involving nonstructural measures.
According to the basin features, the following recommendations were made:

• Basins with elevated time of concentration:
○ stream flow forecasting models;
○ hydrologic warning systems.

• Basins with dense urban occupation:
○ charts of flood zones;
○ charts of flood risk.

• Basins with reduced time of concentration:
○ weather prediction systems.

As a final result, the Atlas presents maps showing the vulnerability of river stretches, such as the
example shown in Figure 8.
The Flood Vulnerability Atlas identified 13,948 river stretches prone to flood in 2,780 rivers in the

country, of which 4,111 stretches, or 30%, were considered highly vulnerable to gradual floods, 6,051
(43%) were of medium and 3,786 (27%) were of low vulnerability to such occurrences.
The regions that showed the highest proportion of stretches of rivers with high vulnerability to flood-

ing are the midwest (45%) and the south (43%), while the others had less than 30% of their stretches
with high vulnerability to gradual floods.
The north and northeast regions, although having significant gradual floods events, were the regions which

were identified as having the fewest stretches being highly vulnerable to flooding. The north region has 82%
of the sections identified with medium or low vulnerability to flooding and the northeast, 78%.
Owing to the large amount of maps obtained, it was necessary to simplify the presentation of the

results, which was done in Table 1. This table shows, for each state, the main rivers with stretches of
high vulnerability to flood. It is noteworthy that some critical sections which are smaller affluents
are not listed, although several river stretches located in urban areas contribute to flood.

Fig. 7. Steps to build Flood Vulnerability Atlas.
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As expected, the south and southeast regions are those with the largest number of rivers with vulner-
ability to flooding because their populations occupy a larger portion of the territory, settling in many
cases in the lowland regions.

2.3.2. Priority watershed. The ANA Situation Room has some priority basins where there is frequent
river level monitoring, especially in times of flooding, as in the case of the Doce, Mundaú and Acre
rivers basins. The ANA Situation Room also monitors strategic basins for power generation, which
is the case for the São Francisco, Large and Paraguay basins, or basins where important transpositions
of flows occur, as in the cases of the Paraíba do Sul and Piracicaba rivers basins, among others.
As part of this monitoring, ANA issues daily or sporadic bulletins, depending on the hydrological

situation set in the basin. The decision about the report period of a seasonal character bulletin is usually
made based on the update of retention curves on existing stations in the basin, on the information avail-
able, and on the weather. To define new priority basins it is essential that Situation Room operators are
guided by the results presented in the Flood Vulnerability Atlas.

2.4. Hydrometeorological stations

ANA is responsible for coordinating the activities carried out under the National Hydrometeorologi-
cal Network, composed of more than 4,500 rainfall and river flow stations, where river level and river
flow are monitored, as well as the amount of sediment and water quality. The rivers where monitoring

Fig. 8. Example of vulnerability map (Atlas of Vulnerability to Flooding).
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Table 1. Major rivers with stretches of high vulnerability to flooding.

Region State River

Midwest Distrito Federal Just small tributaries
Goiás Araguaia river, Ponte de Pedra river, Ribeirão Santa Maria river, Meia Ponte river,

Paranã river and Vermelho river
Mato Grosso Cuiabá river and Araguaia river
Mato Grosso do Sul Paraguai river, Miranda river, Aquidauana river, Itiquira river, Apa river, Pardo river

and Verde river
Northeast Alagoas Mundaú river, Paraíba river, Ipanema river, São Miguel river and Jacuípe river

Bahia São Francisco river, Itapicuru river, Jequirica river, Rio de Contas river, Cachoeira
river, Almada river and Paraguaçu river

Ceará Acaraú river, Aracatiaçu river, Quixeramobim river, Cocó river and Jaguaribe river
Maranhão Itapicuru river, Mearim river, Munim river and Tocantins river
Paraíba Ingá river and Paraíba river
Pernambuco Una river, Pirangi river, Panelas river, Sirinhaém river, Jacuípe river, Mundaú river,

Ipojuca river, Tapacurá river, Jaboatão river and Sirigi river
Piauí Parnaíba river and Gurguéia river
Rio Grande do Norte Apodi river, Piranhas-Açu river and Seridó river
Sergipe Caiçai river, Vaza-Barris river and Piautinga river

North Acre Juruá river, Tarauacá river, Envira river, Purus river, Iaco river and Acre river
Amapá Jari river, Araguari river and Amazonas river
Amazonas Solimões river, Negro river, Amazonas river, Madeira river, Purus river and Juruá river
Pará Amazonas river, Tapajós river, Xingu river and Tocantins river
Rondônia Madeira river, Mamoré river and Machado river
Roraima Branco river, Juaperi river, Igarapé Caracanã river and Igarapé Quitauaú river
Tocantins Araguaia river, Tocantins river, Manuel Alves Grande river, Lontra river, Ribeirão

Tranqueira river and Formoso river
Southeast Espírito Santo São Domingos stream, Cricaré river, Cotaxé river, São Francisco river, São Mateus

river, Doce river, São José river, Bananal river, Piraquê-Açu river, Fundão river,
Guandu river, Santa Maria river, Jacu river, Santa Clara river, Castelo river,
Itapemirim river, Muquiqui do Norte river, Muqui do Sul river, Rio do Veado river
and Itabapoana river

Minas Gerais Guavinipã river, Paracatu, Mucuri river, São Nicolau river, Doce river, Piranga river,
Xopotó river, Piracicaba river, Caratinga river, Matipó river, Mutum river, José
Pedro river, São João river, Carangola river, Muriaé river, Turvo river, Maranhão
river, Brumado river, Camapuã river, Paraopeba river, Jacaré river, Rio das Velhas
river, Grande river and Rio das Mortes river

Rio de Janeiro Itabapoana river, Carangola river, river Muriaé, Pomba river, Paraíba do Sul river,
Ururaí river, Canal da Andressa river, Macaé river, Preto river, Grande river, Preto
river, Paquequer river, Capivari river, Tanguá river, Bananal river, Guandu river,
Mambucaba river, Santana river and Sarapuí river

São Paulo Jacuí river, Jaguari river, Tietê river, Guanhanha river, Pariqueraçu river, Jacupiranga
river and Ribeira do Igauapé river

South Paraná Tibaji river, Rio das Cinzas river, Pescaria river, Jaguaricatú river, Pitanga river,
Nhundiaquara river, Atuba river, Belém river, Iguaçu river, Ribeirão dos Padilhas
river, Barigui river, Rio da Várzea river, Negro river e Marrecas river

(Continued.)
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occurs correspond to 2,176 of the 12,978 registered rivers in ANA’s hydrological information system
ANA2.
This information is critical for both ANA’s water resources management decision making as well as

the development of projects in various sectors of the economy that are water users, such as agriculture,
water transportation, hydroelectric power generation, sanitation and aquaculture.
In recent years, ANA has invested in the modernization of the hydrometeorological network, instal-

ling telemetric stations which, through the DCPs, carry out the automated acquisition of hydrologic data
and transmit them to the Agency, where the data are processed, stored and made available online.
This type of equipment has several advantages, such as (i) it allows monitoring in areas of difficult

access, (ii) it enables the monitoring in real time of critical hydrological events as well as the volume
stored in reservoirs, (iii) it feeds water quality warning systems, and so on. For this reason, ANA
began to adopt the telemetric stations as a reference in planning the expansion of the hydrometeorolo-
gical network under its responsibility.

2.5. Reservoirs

Reservoirs are bodies of water, natural or artificial, used to store, regulate and control water resources.
The basic purpose of storage is to retain excess water from the wet season to ensure water reserves in the
dry season. Meanwhile, regularization corresponds to the quantity of water that a reservoir can provide
in a given period of time.
The control of water resources is the operational aspect that concerns the way that water is used, as it

can be stored or released, and how that should be achieved. The control is achieved by the operation of

Table 1. (Continued.)

Region State River

Rio Grande do Sul Uruguai river, Ijuizinho river, Ijuí river, Ligeiro river, Inhandava river, Carazinho river,
Jacuí river, Soturno river, Vacacaí-Mirim river, Vacacaí river, São Sepé river, Arroio
do Conde stream, Arroio dos Ratos stream, Pardo river, Zeferino stream, Taquari
river, Santa Cruz stream, Caí river, Rolante river, Rio dos Sinos river, Gravataí river,
Maquiné river, Camaquã river, Duro stream, Velhaco stream, Grande stream, Piratini
river, Jaguarão river, Santa Maria river, Jaguari river, Ibicuí river, Ibiraputã river and
Quaraí river

Santa Catarina Uruguai river, Rio das Almas river, Iraceminha river, Xanxerê river, Riacho Grande
river, Santo Antônio river, Rio do Peixe river, Erval river, Canoas river, Guará river,
Iguaçu river, Canoinhas river, Vermelho river, Pitanga river, Negrinho river,
Cachoeira river, Texto river, Benedito river, Luís Alves river, Rio dos Índios river,
Itajaí-açu river, Neise stream, Itajaí-mirim river, Taió river, Blumenau river, Itajaí do
Oeste river, Itajaí do Sul river, Alto Braço river, Rio das Antas river, Cubatão river,
Biguaçu river, Rio do Meio river, Braço do Norte river, Tubarão river, Mãe Luzia
river, Manoel Alves river, Araranguá river, Sertão river and Mampituba river

2 ANA provides data level, flow, sediment and water quality in Brazilian rivers and rainfall in the country at the following sites:
HIDROWEB http://hidroweb.ana.gov.br/; hydrological monitoring system http://www.ana.gov.br/telemetria; and National
Information System on Water Resources – SNIRH http://www.snirh.gov.br/.
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the reservoir which relies on the definition of operating rules regarding the level of water that the dam
must keep and flow rates to be flushed downstream. The level is directly associated with the stored water
volume, which can be used for multiple purposes: human consumption, animal supply, irrigation, power
generation, aquaculture, industrial use, flood control, etc. The flow released downstream may also be
related to uses that may be downstream, including environmental water use to preserve the organisms
that depend on it.
Regarding critical hydrological events, a high water level can cause backwater upstream, i.e., super-

elevation of the water level of the river, flooding upstream regions. A low water level, in turn, reduces
the ability to stabilize the reservoir, which can characterize a period of water shortage. Moreover, in the
rainy season, it is possible to reserve part of the volume of the reservoir to retain a predicted flood wave.
In these critical situations of floods and shortage of water, the reservoir also has significant relevance

to downstream areas. Flows released can soften the impact of floods, in that they reduce the natural flow
spillover to the limit of the river channel, or relieve the pressures on water resources. On the other hand,
it can increase the water supply by releasing higher flow during the drought season.
In this context, ANA has an important role, since it has, as one of its tasks, to define and monitor the

conditions of operation of reservoirs by public and private actors, to ensure multiple use of water
resources (as established in the resource water plans in their basins). In hydropower exploitations,
ANA negotiates the definition of reservoir operating conditions with ONS.
ONS annually consolidates and offers an ‘inventory of operative constraints of hydroelectric drain’ on

its homepage, providing information about hydraulic operational constraints originating from surveys
conducted in the past and periodically, relative to the minimum and maximum flows sections and
river stretches, limitations of maximum and minimum flows in exploitations, maximum and minimum
reservoir levels, maximum rates of change of hydraulic flows, and other restrictions. This inventory also
shows a schematic diagram of the power plants of the National interconnected system (SIN), classifying
by basin.
ONS also annually prepares and provides an ‘annual flood prevention plan’, which contains the

results of the studies conducted to define the volumes expected to be maintained in the associated reser-
voirs with different hydrological scenarios grouped by basin. The flood-control volume corresponds to
the portion of the net volume of the dam to be maintained during the period when aiming to retain part
of its volume, protecting downstream areas because the river flow can be reduced.

2.5.1. Definition of reservoirs for critical events monitoring. The definition of the reservoirs must take
into account hydrological peculiarities of the region and the relative importance that they have: in times
of shortage, regulating reservoirs are strategic to meet water demands; in the wet seasons, reservoirs with
a flood-control volume and the damping capacity of the flow should be considered in controlling floods.
Run-of-the-rivers reservoirs are those which make little alteration of natural river flows, with less rel-

evant flood control. However, knowledge of the characteristics of the operation and monitoring of these
are needed, since these are constructions that interfere with the natural flow.
Table 2 lists the main features to be observed in defining reservoirs to monitor the activity of critical

hydrological events, monitoring scarcity of water and flooding. Moreover, it presents some important
issues to be monitored if there is available information.
In general, the larger reservoirs in a basin are used both in ensuring water supply in times of scarcity and

in flood control. In Brazil, only the reservoirs linked to the SIN hold most of the information in a
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systematic way. This means that in most reservoirs for multipurpose uses that are not required for the gen-
eration of hydropower, information has to be raised from various sources or generated from specific
studies.
The National Electric Energy Agency provides the georeferenced information system for the elec-

tricity sector where data about the exploitations of the power sector can be obtained. In addition,
some other data can be obtained from the websites of State Water Resources Managers Agencies.

2.5.2. Characterization of reservoir operation situations. The characterization of reservoir operation
for flood control should consider the occupation of flood control storage, the forecasted inflow and out-
flow and maximum outflow, which is usually associated with the flow limit supported by the riverbed at
critical points downstream.
The main differences in the characterization of scarcity in relation to flooding is that the length of the

first is longer, typically in the order of months, and its onset occurs when water scarcity compromises
the burden of water demands, especially of water supply systems. Thus, scarcity is characterized from
the average inflow, the reservoir level (which is associated with a storage volume) and the planned rate
of withdrawal flow.
It is noteworthy that the operating rulesmay be disregarded in emergency situations, when there is charac-

terized imminent risk to the health of the population, the environment and hydraulic structures due to
accidents or floods. In these cases, it is recommended that the system operations are carried out by the oper-
ator, with the accompaniment of the bodies involved – management agency, committee and so on.

3. Situation Room Action Plan

An annual Situation Room Action Plan should be prepared to guide its operation, indicating
minimally:

• regions or priority basins to be monitored during the period of the Plan, considering the critical event;
• actions in the Situation Room to be developed by region or basin and its stage in the development of
each action;

Table 2. Definition of reservoirs for critical events monitoring.

Period Main characteristic Relevant information

Dry Storage capacity;
Regularization capacity;

Storage volume;
Target volume of the period;
Minimum flow released downstream;
Maximum water withdrawals for the period;
Climate forecast.

Wet Total hold volume;
Cushioning capacity of flood flows;

Reservoir level;
Target level of flood control storage volume;
Expected inflow;
Predicted outflow;
Maximum outflow;
Weather forecast.
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• staff available and the allocation of activities among its members, considering the technological
resources available.

In general, the Situation Room Action Plan translates into the generation and dissemination of infor-
mation on critical hydrological events.

4. Final considerations

Since the implementation of the National Civil Defense System in Brazil in 1988, the focus on dis-
aster management is no longer the response when assisting those affected; it has now become managing
disaster risk, in addition to the response, including prevention and minimizing the effects of the critical
event.
ANA, established in 2000, has been engaging in risk management, with the pillars of hydrological

monitoring, mapping risk areas and improved responsiveness to the occurrence of extreme flood and
drought events.
In this context, we highlight the actions for modernization and expansion of the hydrological moni-

toring network, in particular the alert network, the completion of the Flood Vulnerability Atlas and
deployment of Situation Rooms in the states, with a view to strengthening the role of these bodies in
disaster risk management and providing them with greater capacity to respond to such events.
In recent years, a growing concern regarding risk identification and prevention of natural disasters has

been observed in Brazil. In 2013, 273 emergency decrees (SE) were published or states of emergency
(ECP) declared due to the occurrence of floods in 262 municipalities (for approximately 4.7% of all
municipalities in the country, the issuing of decrees related to these types of events has been decreasing
since 2009 and, in 2013, the number of decrees issued was registered as the fourth smallest value in a
series of eleven). Although it may mean that the events are more localized, this information also reflects
the effectiveness of the actions that have been implemented by the bodies in the National System of
Civil Protection and Defense, among them the ANA. Certainly, the impacts of extreme weather
events cannot be eliminated but, through prevention, forecasting and warning, it is possible to reduce
the damage to property and infrastructure, and the loss of human lives.
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Abstract

Climate change is exacerbating the extremes in hydro-meteorological events. Together with other global drivers
under change – population growth, rapid urbanisation, increased asset values – this may result in increased fre-
quencies and even higher impacts of water-related disasters. Further comprehensive actions are needed to
reduce the vulnerability and to increase the resilience of exposed populations and assets.
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Messages

1. Water-related disasters, such as floods, droughts, storm surges and tsunamis account for 90% of all
disasters in terms of number of people affected. This number is increasing. The poor, vulnerable
groups, women and girls are suffering the most. Economic and environmental losses associated
with water-related hazards are rising in all regions.

2. Disaster risk reduction, water resources management and climate adaptation should no longer be trea-
ted as separate topics.

3. More data and better tools for risk assessment are ready for use now and need to be more widely
deployed to identify and prioritise actions. Better preparedness of citizens in terms of risk awareness
and emergency planning are also essential.

4. Risk reduction, preparation and prevention are sensible investments that pay off in terms of reduced
loss of life, avoided damage, and long-term economic growth and stability. Further emphasis on the
role of financial protection measures in disaster risk management (DRM) is needed.
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5. Risk prevention should be integrated with long-term planning. This allows communities and decision
makers to identify and exploit opportunities for synergies with planned investments, including plans
for adaptation to climate change.

6. Uncertainties are no excuse for inaction: uncertainties are inherent in long-term planning and should
be accounted for in a comprehensive, flexible and adaptive approach.

7. The efforts under each of the major 2015 international policy frameworks to create synergy and to
increase effectiveness should be aligned.

1. Climate shifts and other global changes are already impacting water-related disasters

The projected impacts of climate change clearly indicate consequences for the occurrence of disasters:
enhanced sea level rise and more pronounced hydro-meteorological extremes, with a higher frequency
of intense storms, locally more intense rainfall, higher river discharge extremes, but also longer dry
periods and droughts that can lead to deterioration of already scarce water resources.
In some regions, new kinds of disasters are occurring, such as droughts, in areas that have not experi-

enced such kinds of impacts before.
Meanwhile, other global drivers contribute to the increase in the vulnerability of the population,

resulting in potential additional risks and to the casualties and hazards that may occur in the case of
extreme events. Population growth, asset deterioration, rapid urbanisation and subsidence from ground-
water extraction may pose an additional risk to already vulnerable urbanised flood-prone areas, as does
the increased value of assets which are often concentrated in and around these same urban areas.

1.1. Water-related disasters have large impacts and these impacts are growing in scope and severity

Globally, water-related disasters already account for 90% of all natural disasters1. Their frequency and
intensity is generally rising due to climate change, causing enormous damage to life and property. Cli-
mate change is a factor in these trends. Damages attributed to water-related disasters can amount to 15%
of annual gross domestic product (GDP) for certain countries.
Population growth, poverty, land shortages, urbanisation, the poor condition of flood protection and

drainage infrastructure, and water storage facilities, especially in developing countries, have increased
the vulnerability of people to flood hazards and droughts, and, inter alia, have multiplied impacts on
public health associated with waterborne epidemics. The poor, vulnerable groups, women and girls are
suffering the most.
Moreover, droughts, as slowly developing disasters, but large in extent, lead to the collapse of

social structures and to refugees that may cause disruptions in social structures of adjacent
regions.
Recent history has taught us that even the most developed countries are vulnerable to water-related

hazards. Climate change is very likely to exacerbate this trend, both for floods and droughts, although
in different parts of the world different trends in precipitation and temperatures are expected.

1 United Nations Educational, Scientific and Cultural Organization (UNESCO) (2012). Managing Water under Risk and
Uncertainty: The United Nations World Water Development Report 4. UNESCO, Paris. http://unesdoc.unesco.org/images/
0021/002156/215644e.pdf.
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2. Disaster risk reduction, water resources management and climate adaptation should no longer
be treated as separate topics

To date, most disaster response agencies at global, national and local levels have treated disaster
threats as (a) relatively fixed and unchanging and (b) threats that should be responded to after their
occurrence rather than in advance through planning and preparation.
Indeed, in terms of development aid, emergency aid, global adaptation funding, and national water

and emergency planning processes, the divisions between climate adaptation, water resources manage-
ment and disaster response seem potentially dangerous, exacerbating risks to communities, economies
and the environment.
Given the shifting nature of water-related threats, climate adaptation, water resources management

and disaster risk reduction should be merged and better integrated to address new and emerging impacts.

3. Information to manage and predict water-related disasters needs improvement

Data on the impacts of water-related disasters (floods and droughts) are increasingly available but
vary considerably in quality and quantity. Assessing vulnerability is an essential tool in water-related
disaster management. Yet, documentation of disease outbreaks and public health after-effects of
water-related hazards is still lacking.
Another limitation is our understanding of how to account for secondary (or indirect) economic

consequences, such as long-term disruptions to economic chains, economic damage through infrastruc-
ture impact, and environmental damage from increasing competition between increasing water resources
demands from human communities and activities and ecosystems.
Greater consistency in the reporting and documenting of water-related disasters, as well as a better

understanding of impacts based on common criteria, are crucial to establish baselines, set priorities,
track trends and assess the effectiveness (costs and benefits) of any proposed response.

4. Disaster management as currently practised is typically reactive, rather than proactive

Historically, water-related disasters have been thought of and treated as isolated, one-off events that
triggered responses in their aftermath as reactive crisis management (relief and response). Hence, dis-
aster risk reduction has often focused on improving primary, reactive responses, such as capacity
building for civil defence on how to cope with major disasters such as tsunamis, or developing
drought or flood contingency plans on how to coordinate emergency responses among a variety of
actors. Compared to relief and response, much less attention has been paid to prevention and
mitigation.

4.1. Shifting disaster management from reaction to prevention

Preventive action aims at developing measures to prevent disasters from happening or measures to
increase the resilience (see Box 1) to cope with potentially disastrous events.
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Several examples exist to alleviate droughts by, for instance, the use of aquifer storage and recovery
or building sand dams, or by better forecasting and early warning (see Box 2), or to address flood issues
through integrating ‘green infrastructure’ in management plans (Box 3) and by addressing climate
uncertainties through more flexible management systems (Box 4).
This approach pays: risk prevention is usually a sensible investment. For example, some studies show

that in certain situations every euro/dollar spent on preventive measures can pay back up to ten-fold in
avoided damage and loss of life. As the incidence and severity of extreme events are expected to con-
tinue to increase, investment in prevention is becoming increasingly advantageous. These observations
are not new. In 2005, the Hyogo Framework for Action articulated the need for a more risk based and
preventive approach, though little progress has been observed in this area in response to this agreement.
This has to be considered against an underlying problem of deterioration of existing assets and asset
systems due to long-term underinvestment around the world.

4.2. Incorporating financial protection as a measure and an incentive for preparedness

Financial protection can serve as an effective preparedness measure, which can drastically reduce the
impact of disasters. For instance, the World Bank has undertaken a pilot index-based livestock insurance
programme in four counties in Northern Kenya, which builds on Kenya’s Hunger Social Safety Net Pro-
gramme, with the aim of scaling up to a large-scale livestock insurance programme. The primary

Box 1. Resilience, vulnerability and risk assessment

Resilience can be described as ‘the ability of a system, community or society exposed to hazards to
resist, absorb, accommodate to and recover from the effects of a hazard in a timely and efficient
manner, including through the preservation and restoration of its essential basic structures and
functions’ (UNISDR Terminology on Disaster Risk Reduction (2009); see: http://www.unisdr.org/
files/7817_UNISDRTerminologyEnglish.pdf).
Climate adaptation assumes that, under novel conditions, rather than just recovery, the anticipation
of desired new socio-economic developments is also an inherent element of resilience.
Resilience concepts need to be further developed for critical infrastructures (supply of basic
services like water, food, energy, transport, housing/shelter, communications, finance, health), but
also for the wider public, to integrate and address human and social dynamics in crises and disaster
situations.
Resilience concepts take into account the necessity to anticipate, to plan and to implement in the
crises time a substitution process aiming to deal with a lack of material, technical or human
resources or capacities necessary to assume the continuity of basic functions and services until
recovery from negative effects and until return to the nominal position. Immediate civil
organisational arrangements post-disaster are essential.
Moreover, as resilience management and vulnerability reduction are closely related, it is necessary
to link the on-going efforts and share risk assessment and mapping approaches, e.g. physical
exposure mapping with relevant resilience management approaches, to ensure that risk assessment
is followed by the development of resilience concepts in the various security sectors, based on the
results of the risk assessments.
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objective of the programme is to reduce the vulnerability of pastoralist households against drought, an
effective risk retention and preparedness measure. Furthermore, the bank also provides contingent
instruments (such as World Bank Catastrophe Deferred Drawdown Options) which are pre-approved
credit lines that offer immediate sources of liquidity to countries when disasters strike. For countries
to be eligible for these risk transfer mechanisms, they must implement a comprehensive DRM pro-
gramme, which the bank monitors on a periodic basis. Therefore, these credit lines serve as
incentives to incorporate effective preparedness measures in national level strategies. In addition, the
DRM programme helps countries identify and understand risk which can then prompt other effective
prevention measures.

5. How do we include preventive action in disaster risk reduction?

In recent years an integrated, adaptive approach has been developed based on the recognition that
risks, if not properly addressed in advance, may lead to the occurrence of disasters. Its widespread
and effective implementation requires a reframing of the paradigm of DRM from its traditional focus
on mitigating the (direct) impacts of disasters using stand-alone and ad hoc interventions to encompass:

Box 2. Strengthen preparedness to droughts

By advancing drought forecasting, early warning and mitigation practices, the drought early
warning and forecasting in Africa (DEWFORA) project aims to reduce vulnerability and strengthen
preparedness to droughts in Africa. To this aim, a framework for monitoring, predicting, timely
warning and responding to droughts at the seasonal time scale is being developed, applicable
within the institutional context of African countries. The project also contributes to improve the
identification of vulnerable regions taking into account the increased hazard due to climate change,
and has developed feasible adaptation measures.
The project shows that improved drought forecasting and early warning based in vulnerability
assessments can improve the preparedness to droughts in Africa. However, lack of financial
resources, and institutional arrangements that are not suited for the operation of an early warning
system and dissemination of its results, lead to a situation in which the available information is not
suitable and not timely for the end-users and is generally unreliable and inadequate.
In collaboration with the United Nations Educational, Scientific and Cultural Organization’s
International Hydrological Programme, Princeton University has developed an experimental
drought monitoring and forecast system for sub-Saharan Africa, since current approaches to
drought monitoring in developing regions have generally been limited, in part because of unreliable
monitoring networks and limited national capacity. Hydrological and drought forecasts are provided
out to 6 months (http://hydrology.princeton.edu/monitor). The Africa Drought Monitor (ADM) has
been implemented at the AGRHYMET (Centre Regional de Formation et d’Application en
Agrométéorologie et Hydrologie Opérationnelle) regional centre in Niamey, Niger, and at the
Greater Horn of Africa Region at the Intergovernmental Authority on Development Climate
Prediction and Applications Centre in Nairobi.
Source: Dewfora (http://www.dewfora.net/index.php).
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(i) a broader focus on prevention, mitigation, preparedness and vulnerability reduction; (ii) the recog-
nition that DRM is surrounded by many uncertainties and should therefore be an iterative or
continuous, on-going effort requiring experimentation and learning; and (iii) the integration and main-
streaming into sustainable development policies, planning and programming at all levels, globally and
nationally as well as locally and at community level.
As an example, spatial planning should include considering restrictions for building in areas exposed to

disaster impacts, thus reducing exposure of people and assets. UNISDR currently facilitates the develop-
ment of a post-2015 framework for disaster risk reduction. This offers an excellent opportunity to include
these latest experiences and insights in disaster risk reduction. The post-2015 framework should therefore
have a stronger foundation through a risk based, preventive approach. Such an approach should be
accompanied by agreements on concrete actions as well as monitoring of such actions.

5.1. Preventive action is an opportunity for (economic) development

There are many opportunities for reducing water-related disaster vulnerabilities in the face of global
change. While aging infrastructure and building stock in the developed world pose a risk due to increas-
ing vulnerability, this also provides an opportunity to introduce new technologies in the redevelopment
process and to adapt infrastructure and buildings to enhance disaster resilience.

Box 3. Green infrastructure for disaster risk reduction in the Mekong Delta, Vietnam: merging traditional and innovative
solutions

Floods play an important role in the life of people living in the Mekong Delta. Each year floodwaters
inundate 1.9 million ha (19,000 km2) and affect the lives of more than 2 million people. Normally,
these floods are essential to food security and biodiversity and people have a tradition of living with
the floods. However, extreme flood events can be destructive and cause enormous damage.
Sea level rise is expected to result in large areas of more frequently and even permanently
inundated coastal plains. Furthermore, sea level rise will increase salinity levels in the delta rivers
and its water network. Agricultural production will be affected through more frequent and longer
periods of flooding, and as a result of salinity intrusion. The population size is projected to almost
double by the year 2050 from 17 million to around 30 million. This will fuel the urbanisation
trend, taking more land out of agricultural production. At the same time more people need to be
provided with food and fresh water. Ongoing industrialisation will also take up more space and
increase the demand for water as well as the production of wastewater. Both trends will increase
the need for proper spatial planning, efficient water supply, investments in water treatment and
stringent enforcement of environmental legislation.
The current water management system is based on the 1994 Mekong Delta Master Plan. An update is
presently under discussion in order to include environmental and socio-economic developments as well
as recent innovations and modern approaches, such as green water defences. This concept can be very
useful in combination with the traditional measures for flood control. In fact, several good practices of
the concept can be found in Government decisions and design guidelines for infrastructure and land use.
Source: Li, X., Marchand, M. & Li, W. (2012). Grow in Concert with Nature: Green Water Defence
for Flood Risk Management in East Asia. An EASSD Discussion Paper. World Bank, Washington DC.
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Urban restoration, regeneration and modernisation can be a key driver of economic development, both
as a result of the initial investments required and the benefits that will accrue over time (e.g. formerly
flood-prone areas may become available for productive use).
In addition, in many new economies and developing countries, their growing economy also provides an

opportunity to use lessons from the developed world to avoid some past mistakes (leap frogging).
Better preparedness of the civil population through awareness-raising and clear actions to be taken in

advance of or during a disaster can also significantly reduce the human impact.

6. Increased resilience is needed to deal with uncertainties

Uncertainties are no excuse for inaction; they are inherent in long-term planning and should be
accounted for in an adaptive approach, which may be adjusted over time in response to evolving econ-
omic and environmental conditions.

Box 4. Adaptive delta management: optimising investments in risk reduction

In the Netherlands, the central government, water boards, provinces and municipalities are working
together on a new Delta Plan on Water Risk Management. This programme is referred to as the
Delta Programme. Its primary goal is to protect the Netherlands against floods and ensure the
availability of fresh water, now and for future generations.
The Delta Programme comprises a cohesive set of projects (measures) for the short term, but also
looks ahead to the medium and long term (up to 2050). The programme has developed a new,
adaptive management strategy: the adaptive delta management (ADM) approach. ADM is defined as
‘a smart and intelligent way of taking account of uncertainties and dependencies in decision-making
on delta management with a view to reducing the risk of overspending or underinvestment’. ADM
entails a phased approach towards investments while decision-making is driven by major uncertainties
around future developments and the desirability of responsible financial investment. It starts off from
short-term decisions in the broad fields of water, land use and spatial planning and links to long-term
issues in the specific fields of protection against flooding and freshwater supply, allowing switching
between strategies through adaptation pathways. Short-term measures must be logical in the long term:
they are useful, do not obstruct long-term measures, or are even necessary to keep long-term options
open.
Important features of the Delta Programme are:
(1) involving multiple stakeholders in a joint decision-making process to enhance legitimacy and
feasibility;
(2) taking a risk-based perspective;
(3) adopting a flexible approach in the possible strategies by valuing flexibility with regard to the
timing of implementation;
(4) inter-linking various investment agendas and looking for opportunities for mainstreaming with
planned investments; and
(5) other key success factors, including the Delta Programme being led by an independent coordinator;
considering the financing of both planning and implementation; and having a firm legal basis.
Source: Dutch Delta Commissioner (http://www.deltacommissaris.nl/english/).
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There is an urgent need to enhance the disaster resilience (both conditions and performance, see also
Box 1) of our critical infrastructure using preventive measures, so as to secure the basic supply of ser-
vices such as water, food, energy, transport, housing, communications, finance and health. This should
take into account the various interactions between sectors at the local scale and also how these interact at
regional, national or even transboundary levels.

6.1. Preventive action is not to be executed in isolation

Clearly, preventive action against disasters requires a long-term development perspective. It can there-
fore not be linked to DRM alone. Preventive action needs to be embedded in an integrated process that
incorporates water resources management and climate adaptation processes (see also Section 2), and
mainstreamed into national planning processes.
Such an approach also enables optimisation of resources, where, for instance, flood prevention infra-

structure can also serve the purpose of drought prevention, and at the same time hydropower and/or
irrigation.

6.2. Towards a flexible approach

There is growing international recognition that water-related DRM should be a programmed and flex-
ible process of continuously improving management practices, in which short-term actions are linked to
long-term goals, flexibility is valued and incorporated, multiple strategies are considered in a rational
manner and different investment agendas are inter-linked.
The development of a post-2015 framework for disaster risk reduction offers an excellent opportunity

to put this recognition into practice, developing a framework that builds on preventive action and pro-
motes flexible implementation of measures.

7. Align efforts under the major 2015 international policy frameworks to create synergy and
increase effectiveness

In 2015, a number of important international policy framework events take place, including the
decision-making for the post 2015 Sustainable Development Goals, the Sendai World Conference on
DRM (the Hyogo Framework for Action), and the Paris Climate Conference. By aligning these frame-
works in terms of DRM, synergy and efficiency can be achieved, for instance in tracking and measuring
goals and outcomes.
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