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Voorwoord eindpublicatie Urban Flood Management Dordrecht 
 
 
Wonen in een laaggelegen delta, dat kun je niet alleen. Steeds meer zien overheden, 
kennisinstituten, burgers en het bedrijfsleven dat zij elkaar nodig hebben en dat zij 
bovendien samen tot betere oplossingen kunnen komen. Je hebt namelijk pas iets aan een 
veilig land als mensen het mooi genoeg vinden om er te willen wonen. En andersom is een 
mooie stad waar je te vaak natte voeten krijgt ook niet leefbaar. De kernvraag is: hoe 
zorgen we ervoor dat Nederland nu maar ook over 50 jaar en zelfs 100 jaar nog een veilig 
én aantrekkelijk land is om in te wonen? 
 
Het Leven met Water project Urban Flood Management (UFM) Dordrecht laat zien hoe 
we samen kunnen werken aan deze vraag. Naast de waardevolle concrete uitkomsten van 
het project, zoals de stedelijk ontwerpen, de inzichten in hoogwater risico en potentiële 
schade, en in de juridische en communicatieve instrumenten, levert UFM vooral een 
manier van werken. Een innovatieve manier van werken die een nieuwe weg inslaat in het 
omgaan met hoogwater in stedelijk gebied.  
 
De UFM aanpak is niet alleen nuttig bij waterveiligheidsvraagstukken. Deze vorm van 
ontwerpend onderzoek kan ook goed ingezet worden bij het zoeken naar integrale 
oplossingen voor wateroverlast, waterkwaliteit en andere opgaven. De interactie tussen 
verschillende disciplines is daarbij essentieel. Daaruit komen nieuwe inzichten en ideeën. 
Dat is niet alleen waardevol voor de uiteindelijke oplossingsrichtingen, maar ook een 
verrijking voor de deelnemende personen en organisaties.  
Door de interactieve samenwerking hebben inzichten uit UFM bij kunnen dragen aan 
beleidsontwikkelingen op verschillende schaalniveaus. Ik zie graag dat deze aanpak ook 
vervolg krijgt in daadwerkelijke uitvoering van de ideeën. We moeten als Nederland de 
durf en de wil hebben om voorop te blijven lopen. Laat u met deze publicatie dan ook 
inspireren om op soortgelijke wijze te werken aan een klimaatbestendige inrichting van 
Nederland, niet alleen buitendijks maar vooral ook binnendijks. Veel leesplezier! 
 

 
 
 
 
 
 
 
 

 
 
Annemieke Nijhof 
Directeur-Generaal Water 
Ministerie van Verkeer en Waterstaat 
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Eindpublicatie UFM: digitale reader van alle einddocumenten 
 
Beste Lezer, 
 
Het document dat u voor zich heeft is één van de einddocumenten van het Urban Flood 
Management (UFM) Dordrecht. Hieronder vindt u een overzicht van alle UFM 
einddocumenten die gezamenlijk het eindresultaat vormen: de digitale UFM reader. 
 
Elk document is zowel zelfstandig leesbaar als aanvullend aan de andere documenten. Om 
niet in elk document een uitgebreide introductie op te hoeven nemen, is er gekozen voor 
een apart samenvattend document waarin de algemene projectopzet, aanpak en resultaten 
staan beschreven. Wij nodigen u graag uit om deze algemene UFM samenvatting te lezen 
voorafgaand aan de andere einddocumenten. 
 
Bedankt voor uw interesse, namens het hele UFM consortium, 
 
Ellen Kelder             Gemeente Dordrecht 
Chris Zevenbergen     Dura Vermeer Business Development 
Sebastiaan van Herk    Projectcoördinator namens gemeente Dordrecht 
 
Mocht u contact op willen nemen, vanwege specifieke vragen en/of opmerkingen, kunt u 
een email sturen naar: s.vanherk@ufmdordrecht.nl 
 
 
 
Inhoudsopgave digitale UFM reader 
Alle onderstaande documenten zijn te vinden op www.ufmdordrecht.nl. 
 
 
 Naam/Code 

 
Titel 

Hoofddocumenten UFMWP101 Samenvatting UFM: introductie, conclusies en 
aanbevelingen 

 UFMWP201 Water specific issues for Urban Flood Management  
 UFMWP301 Resilient Building and Planning 
 UFMWP401 Ontwerpend onderzoek naar hoogwaterbestendige 

ontwikkeling buitendijkse stad 
 UFMWP501 Communicatie strategie buitendijkse gebieden 
 UFMWP601 Policy en Governance 
   
Bijlagen UFMWP202 Statistische Berekeningen 
 UFMWP203 Memo Watersysteem 
 UFMWP302 Summary of Results 
 UFMWP303 Summary Design Variants 
 UFMWP402 Werkdocumenten Werkpakket 4 
 Derden Machteld Hillebrand: Kwalitatief onderzoek naar 

risicocommunicatie en risicoperceptie ten aanzien 
van overstromingen te Dordrecht 
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The eff ects of continuing urbanization and climate 

change will increase future susceptibility of metro-

politan areas towards fl ood impacts. While current 

research on fl ood risks is mainly focused on the hy-

drological aspects of fl oods, relatively little is known 

about the consequences of fl oods (especially on urban 

areas). The Urban Flood Management project in Dor-

drecht, The Netherlands, aims to incorporate fl ood risk 

into urban (re)development thus trying to increase 

robustness as well as adaptive capacity towards fu-

ture fl ood impacts. In order to develop such a strategy 

comprehensive knowledge is needed about current 

and future fl ood vulnerabilities within the project area. 

Within the Work Package “Flood Resilient Building and 

Planning” current fl ood damages models have been 

extended to accommodate the urban scale, level of dif-

ferentiation and high dynamics. This model is applied 

to a large part of the historic city of Dordrecht as well 

as to a range of design proposals for a new residential 

district. Furthermore, various fl ood proofi ng measures 

have been qualitatively and quantitatively analyzed 

towards their merits in increasing fl ood resiliency and 

their overall cost/benefi t ratio. For all research top-

ics the WB21 middle scenario for climate change has 

been applied to assess trend changes and the impacts 

of extreme events for which current confi dence inter-

vals are diminishing because of increased uncertainty 

about their occurrence.

Because of the high level of detail within the analy-

sis, various spatiotemporal patterns were observed 

in the fl ood damage assessment for a wide range of 

exceedance probabilities. For the analyzed existing ur-

ban areas, spatial damage clustering can be perceived 

(‘hotspots’). On a temporal scale, substantial fl ood 

damages are to be expected for the historical build-

ing stock and various post-war residential areas which 

are possibly open to renewal within the next coming 

decades. Furthermore, a large contributor to the ag-

gregate fl ood damage levels are fl ood damages to the 

interior (household). Increase of fl ood awareness by 

inhabitants and new housing design typologies can 

possibly decrease these levels. The infl uence of climate 

change on the expected fl ood damages is substantial. 

Instead of a mere shift in damage levels a trend change 

can be perceived. The current protection level of the 

existing area, consisting of the elevation and the cur-

rently applied fl ood proofi ng measures, towards fl ood 

impacts is insuffi  cient to absorb this trend change. 

Although the existing area is vulnerable to fl ood im-

pacts, the average high elevation keeps fl ood impacts 

within boundaries when compared to the residual risk 

for the major part of the city which is protected by a 

major dike ring. Although damage assessment for this 

area is outside the scope of this project, fl ood damages 

are expected to be catastrophic in case of failure of the 

fl ood defense system.

Excecutive Summary

EXECUTIVE SUMMARY
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The design proposals combine various fl ood proofi ng 

strategies each resulting in specifi c degrees of gradual-

ity in fl ood damage progression for lower exceedance 

probabilities as well as in general protection levels. A 

vital aspect in assessing the merits of these designs in 

terms of risk assessment is the damage progression 

during failure. While the design implementing fl ood 

walls on building block level showed only minor lev-

els of expected fl ood damages for fl ood events below 

the design standard, the consequences of failure were 

substantial. The design incorporating fl ood proofi ng 

measures on housing level showed higher damage 

levels for a range of exceedance probabilities. These 

damages are caused by damages on non-fl ood proof 

infrastructure. Yet, the consequences of failure proved 

to be much smaller because the design gracefully de-

generates instead of causing fl ood impacts to be suf-

fered for a large number of dwellings. Application of 

a mixed-strategy, combining traditional fl ood protec-

tion measures for high exceedance probabilities with 

individual fl ood resilient measures (e.g. fl oating, wet-

proofi ng)  might therefore be favorable although a 

cost-benefi t analysis needs to be made that proves the 

feasibility of such a proposal.

Excecutive Summary
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World-wide the number of fl oods as well as the num-

ber of aff ected people and damage per fl ood event is 

increasing. Particularly vulnerable are cities and city re-

gions which currently host more than 50% of the world 

population (UN Habitat, 2007). The urban society repre-

sents major and irreversible changes in the way people 

interact with nature. The combined impact of urban-

ization and climate change are considered as the most 

contributing factors to future fl ood risks.  In the devel-

oped world the building stock is aged but keeps slowly 

increasing. Within 30 years, 1/3 of the European build-

ing stock will be renewed (ECTP, 2005). Furthermore, 

cities in the developed world are faced with a continu-

ing demand for high quality, low density housing areas 

allocated in the proximity of metropolitan areas. This 

will result in a further development of river embank-

ments (e.g. Thames Gateway project, UK), polders (e.g. 

Vinex areas, NL) and other areas currently serving some 

function in the water cycle. Both urban growth and the 

restructuring and transformation of existing urban ar-

eas result in an intensifi cation of land use and subse-

quently an increase of the level of investments in fl ood 

prone areas. The people in the cities are often unaware 

of the risks associated with fl oods and accordingly their 

individual responses for reducing losses are limited.

Global climate change acts as a “trend-breaker”; exist-

ing statistical distributions on fl ood probabilities can 

no longer be projected into the future (Kabat et al, 

2005). Since global climate change increases the vari-

ability of extreme fl ood events, current measures for 

fl ood mitigation no longer provide optimal solutions 

for their chosen fl ood risk intervals. This residual risk, 

possibly resulting in massive damage, urges for an im-

pact driven approach that focuses on increasing the 

“fl ood resilience” of cities.

Urban fl oods cannot be managed in isolation at a city 

scale and responses to fl ood impacts are complicated 

by interlinked political, socio-economic and environ-

mental changes. To reverse the trend of increasing im-

pacts of urban fl oods a major rethink of current plan-

ning and fl ood management policies and practices at 

diff erent spatial and temporal scales is required. In this 

paper a conceptual framework for a new, holistic ap-

proach is presented which focuses on increasing resil-

ience.  A key feature of this approach is that it includes a 

decision-making process for implementing robust and 

adaptive impact-driven responses required to manage 

extreme events and long-term uncertainties and in-

crease in variability, respectively, at city level. 

The dilemma: reduction of probability leads to in-

creased vulnerability

Flood risk is usually described as a function of the 

probability of fl oods (return period) and the eff ect of a 

fl ood (damage caused by fl oods). Current policies and 

measures concerning fl ood risk management are pre-

INTRODUCTION

PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING
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dominantly based on the management of probabilities 

of fl oods (largely dominated by engineers) and not on 

reduction of impacts of fl oods. However, the reduction 

in probability is largely off set by the rapid growth of 

urban areas in fl ood-prone areas and the even larger 

increase of investment levels in these areas. By only fo-

cusing on reducing the probability of fl oods these poli-

cies thus fail to reduce fl ood vulnerability of the urban 

environment, and may even provide the wrong kind of 

investment incentives. Climate change will exacerbate 

this trend. Consequences of climate change such as sea 

level rise increase of storm intensity and/or duration, 

and increased peak fl ow of major rivers all contribute 

to the increase in probability of fl oods. So, urban areas 

are facing a simultaneous increase in probability of 

fl oods and an increase in potential economic and so-

cial damage. 

In urban areas with high social and economic values, 

more focus on the reduction of the eff ects of fl oods may 

provide important opportunities in fl ood risk reduc-

tion. New approaches need to be developed to adapt 

the urban environment to climate change by enhanc-

ing the resilience of the urban environment to fl oods 

and thus reducing its vulnerability. Keeping water out 

of urban areas may either not be feasible (recent fl ood 

experiences show the fl ood risk beyond the design risk 

is defi nitely not hypothetical) or it may not be the per-

fect solution; accepting and preparing for some degree 

of fl ooding will in many cases be a more sensible solu-

tion, from technical and fi nancial perspectives, but also 

from social and environmental perspectives.

The need for integrated solutions

Solutions aimed at reducing vulnerability to fl oods 

have to address both short and long term events. Cli-

mate change and change of land-use are gradual pro-

cesses that require slow but continuous adaptation. 

Intense local precipitation or dike breaches or sudden 

and often unexpected, and result in acute impacts 

which require a vigilant fl ood accommodation and de-

fense policy. 

Due to the uncertainties we face, it is, therefore, pru-

dent in long-term urban planning  to adopt/use a  pre-

cautionary approach, considering the long-term bene-

fi ts and consequences of fl ood management strategies 

and actions: environmental and social impact assess-

ment, cost-benefi t analysis, life-cycle costs, and risk 

analysis should be factored into the decision making 

process to ensure the economic, societal and environ-

mental costs and uncertainties are considered and 

well balanced. Long-term urban planning calls for an 

integrated, area-oriented approach: such integration 

requires that planners, water managers and design-

ers adopt a system approach. This approach addresses 

resiliency as an ongoing goal in every aspect of urban 

planning and urban system investment. 

PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING
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The overall objective of the proposed umbrella project 

is to develop sound urban fl ood management strate-

gies. Emphasis will be laid on:

holistic approach, UFM as an integral component • 

of urban planning (linking fl ood management, 

planning and policy-making);

methodologies for the assessment and manage-• 

ment of residual fl ood risk (including fi nancial, so-

cio-economic and technical aspects) in the urban 

environment;

evaluate, compare and disseminate the results.• 

One of the main criteria to perform such an approach 

is to get insights into the vulnerability of the urban 

environment towards fl ood impacts.  Eff ective policy, 

strategies and fi nally the implementation of actual 

measures can only be taken if such information is ac-

quired. While traditionally the emphasis in fl ood risk 

mapping and vulnerability assessment is focused on 

the hydrological and hydrodynamic conditions during 

fl ood events, within this project the focus of vulnera-

bility assessment is shifted towards the consequences 

of fl oods. This includes damage assessment for pro-

spective cases using a set of diff erent fl ood events as a 

basis for assessing estimated damages within the proj-

ect area. The outcomes are further analyzed in terms 

of their spatial and temporal dimensions and are de-

OBJECTIVES 

composed in order to get a detailed view about fl ood 

impacts. This leads to a determination of vulnerable 

components towards fl ood impacts within the proj-

ect area that can be used as a basis for measures to 

reduce future fl ood impacts. These tasks are included 

in Work Package 3 (WP3) called ‘Resilient Planning & 

Building’. Apart from estimating vulnerability, WP 3 will 

also provide useful concepts in terms of an inventory 

of possible resilient planning & building measures. Es-

pecially concepts/measures to reduce fl ood impact by 

individual fl ood proofi ng of buildings and infrastruc-

ture and resilient reinstatement will be considered as 

alternatives for the pilot sites.

PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING
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PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING

As already mentioned the main focus of WP3 is on 

vulnerability assessment and developing recommen-

dations for fl ood impact reduction to be applied in 

diff erent designs. Note that these recommendations 

include general retrofi tting schemes on building level, 

specifi c technologies and a cost-benefi t analysis of 

such options. The work package will provide input to 

spatial planning and support the process of prioritiz-

ing, justifying and targeting investments in order to 

manage and reduce the risk to people, property and 

the environment. In parallel these methodologies 

will be further developed and a longer-term research 

agenda will be defi ned.

The tasks for WP3 can be summed up as follows:

Development of a fl ood damage model that fi ts • 

the urban scale

Application of the damage model on the existing • 

area located outside the main ring dike, including 

fl ood events resulting from applied climate change 

models

Application of the damage model on the design • 

proposals, including fl ood events resulting from 

applied climate change models

Interpretation of the results• 

General theoretical research on fl ood resiliency• 

Defi ning recommendations to enhance the design • 

proposal

Note that a more specifi c description of the tasks (in-

cluding constraints, assumptions and further research 

topics) is provided in the forthcoming chapters of this 

report.

It is important to realize that the UFM project is de-

pendent on the integration of various research results 

from the diff erent Work Packages. Furthermore, vari-

ous dependency relations between Work Packages ex-

ist within the project. E.g., the proposed fl ood damage 

assessment model can only function using detailed 

fl ood maps produced by WP2, while the outcomes of 

WP3 are used as input for the design proposals de-

fi ned by WP4. Figure 1 illustrates the various interfaces 

between WP3 and the other Work Packages.

While the input components for WP3 are further dis-

cussed when introducing the fl ood damage assess-

ment model it is important to describe some of the 

output components. When regarding the interface 

with WP4, the main task of WP3 is to inform WP4 about 

some of the constraints and factors that might have 

a positive infl uence on fl ood impact reduction. These 

are used as inputs by WP4 to develop a fl ood resilient 

design for the proposed development program in 

the project area. In turn the outputs of WP4 (i.e. the 

designs) are evaluated by WP3 thus resulting in an it-

erative process in which every design proposal is used 

as a new iteration. Furthermore, WP3 tries to general-

ize some of the research outcomes to be used in WP6 

TASKS AND INTERFACES
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WP3: ` Resilient
Planning & Building '

WP2: ` Risk
Assessment '

WP4: `Pilot: creation
of an integrated urban
flood risk management

plan '

WP5: `Communication
and emergency

response '

WP6: `Policy &
Governance '

Inundation maps

Flood frequencies

Vulnerability indicators

Damage assessment

Impact Reduction methods

Impact Reduction components

Conclusions

Design Proposal

PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING

Fig. 1. Basic interfaces between WP3 and other Work Packages
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PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING

(‘Policy and Governance’). Yet, fl ood impact reduction 

is not only a matter of applying structural measures. 

Flood preparedness is to a large extent a matter of non-

structural measures. Some of the research outcomes 

that might be benefi cial in raising fl ood awareness and 

preparedness are communicated to WP5.

This report provides an in-depth discussion about the 

requirements, method development, research out-

comes and conclusions developed by WP3. The fi rst 

chapter covers the results of the damage and vulner-

ability assessment for the complete area outside the 

main ring dike. These results provide important clues 

about the vulnerability towards fl ood events that can 

be used for creating general constraints and guidelines 

within the design process as performed by WP4. The 

second chapter discusses a similar approach applied 

to the actual design proposals for the project area. Fi-

nally, the third chapter includes a discussion on fl ood 

resiliency as a theoretical concept, retrofi tting options 

and a cost-benefi t analysis of such options.

The chapters in this report are written from a scien-

tifi c perspective. This means that great care is taken to 

avoid claims that cannot be sustained by experimental 

results. 

GENERAL SETUP OF THE REPORT

PROCEEDINGS OF WORKPACKAGE 3: RESILIENT BUILDING AND PLANNING
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1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

William Veerbeek1,2
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1Flood Reslience Group, Department of Urban Water and Sanitation, UNESCO-IHE Institute for Water Education, P.O. Box 3015, 2601 DA Delft, The Neth-
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2Dura Vermeer Group NV, P.O. Box 3098, 2130 KB Hoofddorp, The Netherlands

ABSTRACT

Climate change increases uncertainty regarding the frequency and severity of fl ood events. Furthermore, it generates 

a shift towards lower return periods. This poses a new challenge for urban areas which are often located along major 

rivers. Current damage assessment methods are not up to the task of giving insight into various levels of diff erentiation 

that result from the concentration of assets within urban areas; their level of detail is simply too coarse. The urgency for 

more refi ned methods of fl ood damage assessment are especially urgent for cities dominated by historical buildings 

which represent a large cultural value. Between these fragile cultural landmarks there is often no space for implement-

ing large scale fl ood defense works without destroying some of their unique characteristics. This urges for tailor-made 

solutions based on a refi ned insight on severity, distribution and horizon of the expected impacts. As part of the Urban 

Flood Management project for the city of Dordrecht, The Netherlands, a fl ood damage assessment model has been de-

veloped using a substantially higher level of detail than used in current practice. The model, which is based on a unitloss 

model, maps expected damages to the scale of individual buildings and infrastructural elements and provides output 

on a broad scale of parameters infl uencing the damage. The output produces by the model diff ers signifi cantly from 

aggregate damage curves produces by current models and provides a foundation for the integration of fl ood proofi ng 

schemes into urban (re)development.

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A 

DAMAGE MODEL USING A HIGH LEVEL OF DETAIL
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Over the last years, a substantial body of scientifi c evi-

dence has been presented supporting the claim that 

climate change increases uncertainty levels in the sta-

tistical distribution of fl ood probabilities (e.g. Kabat 

et al, 2005; EEA, 2006). This means that current confi -

dence intervals on fl ood probabilities are decreasing 

which in turn increases the overall uncertainty about 

the occurrence of fl ood events. This is especially im-

portant when it comes to ‘extreme events’ that result 

in extensive hazard for public safety as well as causing 

widespread economic impact. Furthermore, many of 

the world’s metropolitan areas located in fl oodplains 

have undergone a process of densifi cation and expan-

sion (e.g. Angel et al, 2005, Sheppard, 2006). Densifi ca-

tion results in a decline of pervious areas within cities 

thus increasing runoff  coeffi  cients (e.g. Chow, 1988, 

Weng, 2001) while expansion leads to encroachment 

of fl ood-prone areas (e.g. Mitchel, 1999). Urbaniza-

tion is not necessarily a planned process. Many urban 

growth phenomena like sprawl and infi ll are not the 

result of a strict planning policy (e.g Sheppard, 2006, 

Deng and Huang, 2004) but emerge as a result of a 

complex set of socio-economic factors. The dynam-

ics of climate change and urbanization lead to a con-

dition in which fl ood management might no longer 

be based solely on stationarity (Milly et al, 2008). This 

urges an in increased robustness towards the impacts 

of a wider range of fl ood events as well as an increased 

capacity to adapt to new conditions (De Bruijn and 

Klijn, 2001). In order to identify opportunities to facili-

tate such strategies it seems important to extend our 

knowledge about the vulnerability towards fl oods and 

their impact on our cities. Although within the Europe-

an Union the production of fl ood risk maps becomes 

obligatory (European Parliament, 2007), the level of 

detail in which these maps are produced is an open 

issue and might not accommodate the large levels of 

functional, spatial and temporal diff erentiation within 

our cities. Apart from the level of detail, simply ‘down-

scaling’ traditional impact assessment methods based 

on catchment scale (e.g. Kok et al, 2002) might not 

necessarily provide suffi  cient expressiveness to repre-

sent the scope of fl ood impacts. Expressiveness relates 

to the ability to represent objects and phenomena 

that can be observed (e.g. Levesque and Brachman, 

1987, Aamodt, 1994). When assessing fl ood impacts 

on the urban environment focusing on the delineation 

of inundation zones and calculating aggregate levels 

of expected damages might not provide the neces-

sary knowledge to identify the full range of possibili-

ties to decrease fl ood impacts. Especially when aiming 

for an integrated Urban Flood Management approach 

(Zevenbergen, 2007) where spatial (re)developments 

become intrinsic parts of the overall reduction of (po-

tential) fl ood impacts, multimodal information ad-

dressing a broad range of attributes (e.g. impact dis-

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

INTRODUCTION
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tribution over the age of the building stock) might 

provide clues for alternative fl ood impact reduction 

schemes and fl ood risk distribution. Within the frame-

work of the Urban Flood Management (UFM) project 

for the city of Dordrecht, Netherlands, (Gersonius et al, 

2007) an attempt has been made to develop a model 

that facilitates such an approach by exploring a range 

of attributes and relations omitted in current Dutch 

practice. 

This article provides an in-dept coverage of the re-

search questions, basic assumptions, model, results 

and interpretation of the outcomes, while focusing 

on the used attributes and (potential) value for an in-

tegrated UFM strategy. Furthermore a conclusion is 

provided including a discussion on further application 

and research needs.

Current fl ood risk mapping for river fl oods is often 

limited to providing the fl ood extent and inundation 

depths for a range of return periods in relation to the 

aff ected buildings or land use classes (e.g. Um Baden-

Württemberg, 2005, Junfeng et al, 2002). The actual 

impact of these events on assets within the fl ood plain 

is often left open to interpretation. While much atten-

tion has been put on the hydrological and hydraulic 

aspects of fl oods, the research on fl ood impact assess-

ment is still open to further improvement (Wind et al., 

1999; Thieken et al., 2005). In cases where fl ood risk 

maps are extended to fl ood damage assessments, the 

information used to determine impacts is based on a 

limited set of modalities; current fl ood damage mod-

els often use sets of stage-damage functions (Büchele 

et al., 2006) for a limited range of land-use classes (e.g. 

Kok et al, 2002). These stage-damage functions gener-

ate a distribution of the direct monetary damage for 

a specifi c fl ood return period. In some cases the input 

information for such models is extended by using data 

on maximum fl ood velocities, since these can poten-

tially result in substantial structural damage (Roos, 

2003). Although stage-damage functions might carry 

a large degree of uncertainty (e.g. Merz et al., 2004), 

they are accepted as the standard approach for fl ood 

damage assessment. 

Integrated UFM applies a holistic approach (e.g. 

Zevenbergen et al, 2008,) in which the vulnerability, 

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

BASICS AND OBJECTIVES
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robustness and adaptive capacity of urban areas to-

wards fl ood impacts is no longer exclusively a matter 

of protection through primary fl ood defense works 

(e.g. river dikes). One of the most important aspects of 

integrated UFM is the incorporation or exploitation of 

the urban fabric as a vital and dynamic feature in re-

ducing fl ood losses, instead of being a sole and inert 

receiver of fl ood impacts. Through a process of urban 

planning and (reactive and/or pro-active) retrofi tting 

of the built environment, potential fl ood impacts are 

reduced. This can potentially provide a more gradual 

distribution of expected damages thus increasing the 

overall fl ood resilience (Bruin, 2005) since failure or 

overtopping of the main fl ood protection works (e.g. 

river dikes) doesn’t necessarily result in widespread 

fl ood damages. Furthermore, the increased uncertain-

ty about the occurrence of extreme events induced by 

climate change urges for an increase in robustness to-

wards fl ood impacts. Within Europe, the opportunities 

for integrated UFM are ample; within the next 30 years 

an estimated one third of the building stock will be re-

newed (European Construction Technology Platform, 

2005).

One of the main hindrances for the integration of such 

an approach is the knowledge gap that exists within 

the fi eld of fl ood damage modeling; relatively little 

is known about fl ood damage distribution, composi-

tion, temporal dimension, sensitivity and a general 

theoretical foundation (Wind et al, 1999; Thieken et al., 

2005). To gain further insights into the complex spatio-

temoral relations between fl ood impacts and fl ood 

vulnerability within urban areas as well as to identify 

opportunities within these areas to reduce fl ood im-

pacts, extensive impact models need to be developed 

that include a much broader scope of factors. Within 

the UFM-Dordrecht project such an attempt is made 

by developing a fl ood damage model that treats cities 

as a complex adaptive system (Holland, 1995) instead 

of taking them as inert receivers of fl ood impacts. By 

incorporating and relating a large variety of modalities 

in information, opportunities in space and time might 

be identifi ed that could reduce fl ood damages and 

adapt the urban environment towards future changes 

in the distribution of fl ood events. Apart from these as-

pects, the model operates using a relatively high level 

of detail (based on 1:5000 maps). This allows for iden-

tifi cation of fl ood damages on individual features like 

buildings, gardens, road segments, green zones and 

public squares and thus is able to express the levels of 

spatial diff erentiation within cities.  

The aim of the model is to identify spatiotemporal pat-

terns in the distribution of expected fl ood damages for 

prospective cases. To accomplish the model performs:

Spatial damage-cluster identifi cation. The identifi ca-

tion of patterns in the spatial distribution of expected 

fl ood damages (e.g. ‘hotspots’) provides vital informa-

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL
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tion for a roadmap for implementing responses. Fur-

thermore, damage clustering information gives vital 

clues towards the kind of response action to be taken 

(e.g. individual retrofi tting of buildings or large scale 

implementation of fl ood barriers). 

Temporal damage-cluster identifi cation. (Re) develop-

ment of urban areas is to a large extend dependent on 

the age distribution of the buildings stock. Relating the 

age distribution to the expected damages might infl u-

ence the order of planned redevelopments, including 

lifecycle management, application of various retrofi t-

ting measures and renewal schemes. Since many cities 

host a culturally valuable body of monumental build-

ings, damage clustering over age might help to iden-

tify vulnerabilities within historical urban centers; 

Economic value versus expected annual damages. This 

information should provide insight in cost-eff ective-

ness of retrofi tting measures as apposed to replace-

ment strategies; 

Aggregate damage values for individual neighbor-

hoods. Since neighborhoods act as administrative re-

gions, which are often (re)developed as a whole, ex-

pected damage levels for individual neighborhoods 

provide information for comparison between neigh-

borhoods; 

Assessment of the consequences of extreme events 

within the items (1-4);

Incorporation of climate change models to assess 

trend changes and diff erences within the items(1-5).

Altogether, these patterns might provide opportuni-

ties to increase the robustness and adaptive capacity 

of urban areas towards fl ood damages. Furthermore, 

since spatial consequences of large scale intervention 

(e.g. construction of fl ood walls) within the urban envi-

ronment is often a slow process involving many stake-

holders and substantial resource allocation, the iden-

tifi cation of local opportunities might favor a more 

fl exible and faster adaptation process that integrates 

within the dynamics of the actual urban development. 

The identifi cation of such opportunities is a further 

aim of this study.

Although a detailed description of the model is outside 

the scope of this article, it is important to note that the 

model uses a large set of stage-damage-curves for in-

dividual feature classes (e.g. buildings, infrastructure), 

functions (e.g. housing, businesses), typologies (e.g. 

row houses, detached houses) and components (e.g. 

structural damage, cleaning costs). These include the 

temporal dimension expressed by the duration of the 

fl ood event. Damages to interior are based on a combi-

nation of demographic data (i.e. household composi-

tion) and value. 

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL
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Dordrecht is one of the oldest Dutch cities (dating back 

to the 12th century) and is surrounded by a series of 

rivers and canals: the Oude Maas, Beneden Merwede, 

Wantij, Nieuwe Merwede, Dordtse Kil. The city is divid-

ed into two main areas: a Northern part located in the 

outer marches which is hosting the historical center 

and the main residential part of the city which is locat-

ed in a polder area. Due to the relatively high level of 

elevation (caused by a long process of sedimentation) 

this area is not protected against river fl oods by man 

made structures other than quays. The Southern area 

which hosts the majority of post-war built residential 

districts consists of reclaimed land and is protected by 

a dike-ring based on a 1:4000 year design fl ood. Due 

to the close proximity of the North Sea, peaks in water 

stages are caused by a combination of storm surges 

(coming from the West) and peak discharges (com-

ing from the East). Throughout history, Dordrecht has 

been confronted with many fl ood events dating back 

to the Saint Elisabeth’s fl ood in 1421 which killed over 

100,000 people. The 1953 fl ood which hit large areas in 

the South-West of The Netherlands was the last major 

fl ood event Dordrecht witnessed. Although the impact 

of the recent fl ood events in 1993 and 1995 (Wind et 

al, 1999) on Dordrecht was minimal, especially the his-

torical city center is continuously susceptible to fl ood 

risk. In fact, many areas in the Northern part of the 

city are fully adapted to design fl oods up to 10 years  

most buildings that are susceptible to fl ood risks are 

protected by fl ood proof shutters and other temporal 

defense measures. The case study area on which the 

fl ood damage model has been applied on consists of 

the Northern part of Dordrecht (see fi gure 1) covering 

about 2096 hectares and hosting over 5600 individual 

buildings.

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

CASE STUDY DORDRECHT, NETHERLANDS
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1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL
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Fig. 1. Overview of the case study area
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Aggregate values using current probability 

distribution

Before examining some of the relations between ex-

pected fl ood damages and specifi c aspects within the 

case study area, some of the general outcomes are pre-

sented. In fi gure 2 the expected damages are present-

ed for annual exceedance probabilities for buildings, 

businesses and infrastructure. The water stages used 

for this calculation are based on the probability dis-

tribution currently in use for estimating design fl oods 

(Veerbeek et al, 2007). What can be clearly perceived 

from the fi gure is the trend change occurring around a 

4000-1 exceedance probability (EP). After this thresh-

old value of the expected aggregate damage levels in-

crease by 60.7% for a 10000-1 EP, resulting in an expect-

ed damage of about € 52 million. For a 20000-1 EP the 

increase is 26.7% (almost € 66 million). For the range 

until a 4000-1 EP, this rise is on average only 14%. The 

reasons for this trend change are rather obvious but 

create an elegant side eff ect. As mentioned, the case 

study area is located on a relatively high level of eleva-

tion (caused by a long process of sedimentation before 

the land was developed). Most of the developed land 

in the case study area is located on an elevation level 

beyond 3.1m + New Amsterdam Ordinance (NAP). This 

explains a limited gradual damage progression. Be-

yond this threshold level, the amount of susceptible 

land increases substantially. The level of the ring-dike 

for the Southern part of Dordrecht (outside the study 

area) corresponds to a level of 3.1m + NAP. Floods with 

an EP < 4000-1 cause overtopping of the dike ring re-

sulting in a catastrophe from which the impact a many 

magnitudes larger in order than for the project area. 

Consequently, the 3.1m +NAP water stage is chosen 

as the threshold level for which fl ood events are called 

‘extreme events’. What is also revealing from fi gure 2 is 

the relatively high contribution of expected damages 

to infrastructure. For EPs > 2000-1 the expected dam-

age levels are even higher than expected for housing. 

On average, the susceptibility for infrastructural works 

within the case study area to fl ood impacts is higher 

because:

The infrastructural network is dense and on aver-• 

age more evenly distributed than the more con-

centrated housing areas;

Many of the edges along the case study area are • 

occupied by infrastructure and thus are more sus-

ceptible to fl ood impacts;

In a large proportion of the buildings the ground • 

fl oor level is occupied by retail functions. Houses 

are located on top of these functions making them 

far less susceptible for fl ood impacts.

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

RESULTS
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Geographical distribution of expected fl ood dam-

ages

Apart from the damage curves it is vital to assess the 

spatial distribution of the expected damage. Figure 

3 gives an impression of the aggregate damage lev-

els for individual features for a fl ood with a 4000-1 

EP. Arguably, the information depicted in the fi gure 

is diffi  cult to interpret; the density of information re-

sulting from the high level of detail used to estimate 

expected damages is simply too large. Although this 

representation allows to some extend the identifi ca-

tion of ‘hotspots’ within the geographical distribution 

of expected damages, the usability towards defi ning 

responses or let alone UFM-strategies is relatively low. 

This illustrates why simply downscaling of fl ood dam-

age models to incorporate lower scale levels seems 

inadequate for addressing many of the issues sur-

rounding urban fl ooding. To overcome this problem, a 

diff erent attempt has been made to present the infor-

mation in an expressive yet simple manner by means 

of applying a clustering algorithm to the individual 

damage components. This is illustrated in fi gure 4 in 

which the damages to buildings have been assembled 

into clusters with a radius of 50 meters. By using clus-

ters, a more objective spatial distribution of damages 

is realized than by using neighborhoods, while the 

density of information shown in Fig 8. is overcome. 

Furthermore, the size of the clusters provides a better 

indication about the concentration of damage which 

in turn provides more expressive input for assessing 

the choice of measures to reduce fl ood damages. Note 

that the choice of radius for clustering is arbitrary and 

testing confi gurations with diff erent radii were outside 

the scope of the project.

1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL
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1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

Fig. 3. Damage distribution of expected damages to individual features for a fl ood with an EP of 4000-1.
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1. DECONSTRUCTING URBAN FLOOD DAMAGES: COMBINING MODALITIES INTO A DAMAGE MODEL USING A HIGH LEVEL OF DETAIL

Fig. 4. Damage clusters for a fl ood event with a 25-1 EP. The fi gure depicts the amount of fl ooded buildings per cluster where green indicates small clusters and red large 
clusters, as well as the expected aggregate damage per cluster in mln € (depicted as annotations).


