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SUMMARY
UrbanFlood is an EU funded (FP7 call 6.4a) project that creates a general purpose early
warning system and validates this for flooding disasters in urban environments. The
Deliverable 2.3 “Guidelines for the evaluation of UrbanFlood” contains an elaborate
description of the state of the art, in 2009, of early warning systems (EWS) technologies, the
guideline for the evaluation and relevant material from the UrbanFlood Description of Work
(DOW). This DOW is an agreement with the EU on the work done by UrbanFlood. The impact
of UrbanFlood is one of issues described as a progress of the project beyond the state of the
art. Hence this report analyses this state of the art and mentions reference technologies.
One can conclude that UrbanFlood is unique in the combination of current concepts and
technologies as well in the specific exploitation of cloud technologies to create an extremely
scalable, robust and easy to use environment to run general purpose EWS.
Groningen, June 2010, March 2011, March 2012, May 2012
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Acronyms and abbreviations
CYF, CY

Cyfronet AGH, Cracow, Poland – UrbanFlood partner

Defra

Department for Environment, Food and Rural Affairs, UK

DoW

Description of Work, annex to the UrbanFlood Grant Agreement

EC

European Community

EWS

Early Warning System

FLOODsite

EU funded project: Integrated Flood Risk Analysis and Management
Methodologies. 6th Framework Programme

FRM

Flood Risk Management

HRW

HR Wallingford

ICT

Information and Communication Technology

IJkdijk

IJkdijk Foundation, dike testing site in Groningen, the Netherlands

LiveDijk

Test location for sensor technologies at Eemshaven, Groningen, the Netherlands

PU

Public (report)

RE

Restricted (report)

RTD

Research (in DoW)

SIE

Siemens, Germany. OOO Siemens in Russia is an UrbanFlood project partner

SME

Small and Medium sized Enterprise

STOWA,
STO

Dutch acronym for the Foundation for Applied Water Research, Utrecht, The
Netherlands – UrbanFlood Partner

TNO

TNO Dutch organisation for Applied Research, The Netherlands – UrbanFlood lead
partner

UK

United Kingdom

US, USA

United States of America

UvA

University of Amsterdam

WP

Work Package (there are 7 work packages in UrbanFlood)
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1 The evaluation of UrbanFlood
1.1 UrbanFlood
UrbanFlood develops an online early warning system (EWS) technology for climate induced
disasters in urban areas with support for real time emergency management and routine
asset management. The technology is widely applicable; however UrbanFlood validates it for
the case of flood risk management in urban areas. UrbanFlood is funded under the EU 7th
framework programme and started in December 2009, running for 3 years. Partners of
UrbanFlood are TNO Information and Communication Technology, the University of
Amsterdam and STOWA (Dutch acronym for the Foundation for Applied Water Research)
from the Netherlands; HR Wallingford in the UK, ACC Cyfronet AGH in Poland and OOO
Siemens in Russia.

1.2 About this report
This document is written under UrbanFlood Work Package 2 (WP2): Stakeholder
Requirements, as deliverable D2.3.

Questionnaire

Input to

WP2
Task 2.1
Describe the state of
the art

Task 2.2
Describe Demand for
online and smart
dikes

Task 2.3
Describe EWS
requirements

Task 2.4
Determine evaluation
criteria for impact
analysis

D2.2
Functionality and
architecture of
internet based EWS
and EWS hosting
platforms

D2.3
Guidelines for the
evaluation of
UrbanFlood

Input to
D2.1
EWS and the
mitigation of climate
change induced
disasters

Other WP’s
Advisory
Board

Input to

Publications
Figure 1: Several Tasks of Work Package 2 (WP2) of UrbanFlood contributed to this deliverable (D2.3)

The objective of Work Package 2 as stated in the Description of Work (DoW) is to: Identify
typical capabilities, requirements and usage scenarios of the early warning system (EWS)
from experts, authorities and citizens. Evaluate the UrbanFlood results.
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The internal evaluation of UrbanFlood is planned for November 2012 (Deliverable 7.9, Task
7.9, with the control of external experts, where sensible. The evaluation is a task of WP7 and
is described in the DoW. That Deliverable 7.7 also presents the “evidence” leading to the
evaluation results including the affiliations of external experts, if necessary. This document
provides the guidelines for the evaluation of UrbanFlood.

1.3 Evaluation of UrbanFlood, as a whole
The evaluation of UrbanFlood considers that

Points
0 to 5

Weight

the project has performed all its tasks

A

0,5

the project has achieved its objectives,

B

0,1

the project has realized progress beyond the state of the art

C

0,1

the project has achieved its expected European impact

D

0,1

the technology is suitable as an early warning system for
dike failures

E

0,2

UrbanFlood is successfully evaluated F > 3
(F=0,5A+0,1B+0,1C+0,1D+0,2E)

F

Subsequent paragraphs in this section detail these evaluations. The evaluation, together
with its motivations, will be created in Deliverable D7.9 “The impact of UrbanFlood on
combating climate change induced disasters – overall evaluation of project”.

1.4 Evaluation of tasks
Annex 3 contains a list of tasks. Task completion leads to the completion of deliverables and
the achievement of milestones. The evaluation of deliverables and milestones is done by the
review committee annually.
Points
Weight
0 to 5
All deliverables and milestones are accepted by reviewers at
the end of the project

A

1.5 Evaluation of objectives
Annex 1 reproduces UrbanFloods objectives from the DoW B1.1.2.
The project has achieved its objectives

Points
0 to 5

Weight

Objective 1: Determine, with hindsight, the relevance and
coherence of the specification of UrbanFlood technology.

B1

1/5
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5*the fraction of appropriate (2012) specification
items in Annex 6 in a joint evaluation of UrbanFlood
members and two external experts
Objective 2: Evaluate the UrbanFlood technology in the field B2
per monitored site, in a joint evaluation of UrbanFlood
members and two external experts, the following
characteristics are evaluated between 1-8-2012 and 30-112012 (trial period):
1. the cost of the technology is, for large scale, less than
10% of the cost of dike building/improvement, 0-1
point
2. the UrbanFlood system is up for more than 80% in the
trial period, 0-1 point (planned uptime in trial period)
3. the AI of EWS works 95% of the planned uptime in
the trial period, 0-1 point
4. the experts can use the 10 most important features
(to be listed in D7.9) of the UI, 0-1 point
5. 75% of people surveyed in the visitor centre left a
positive conclusion 0-1 point
Objective 3 Evaluate UrbanFlood technology as an Internet
B3
Society technology
UrbanFlood
1. uses Internet to transport data between dikes, visitor
centres and UrbanFlood data centres, 0-2 point
2. uses cloud computing services, 0-3 point
Objective 4 Evaluate the openness of UrbanFlood
B4
technology
The dissemination level of deliverables is as described in the
DOW
B=(B1+2B2+B3+B4)/5

2/5

1/5

1/5

B

1.6 Evaluation of “progress beyond the state of the art”
The start of the art is described in DoW B 1.2 and that is repeated in Annex 2 . The annex
shows that the determination of the progress is mainly covered through the evaluation of
deliverables and milestones, see Section 1.4. Hence here we evaluate
Progress beyond the state of the art

Points
0 to 5

Weight

Progress, on a system level, as described in Section 3.3:
 UrbanFlood EWS monitor, in real time, the condition
of dikes, 0 – 2 points
 UrbanFlood EWS do calculate risks based on real time

C1

¼

Guidelines for the Evaluation of UrbanFlood

UFD2.3v2.2.TNO

UrbanFlood

4

measurements of dike conditions, 0-3 points
Progress from a flood management teams perspective,
Section 4.9
 UrbanFlood risk assessment software does take into
account the actual real time condition in dikes, 0-1
point
UrbanFlood WS offers the management team of a flood
event
 an EWS that provides specific flood defence condition
data in real time, 0-1 point,
 along with the associated mapping should breach be
forecasted 0-1 point
 The software models do calculate sensor observables,
0-2 points
Progress from a technology point of view, Section 5.4, Table
7
 5 * the fraction of realized items in Table 7
Progress on baseline summary for building blocks of the
UrbanFlood EWS, on key points of Table 8, Section 6.1
5 * the fraction of realized progress as described in the
following points:
1. EWS – a group of virtual images forming a general
purpose EWS
2. General Purpose EWS facility as a service that

Mai 2012

C2

¼

C3

¼

C4

¼

generates on demand an EWS

3. Visualisation support for the decision taking with
multi touch tables
4. Common Information Space as a service
5. EWS facilities that use cloud computer capacity
6. Artificial Intelligence based anomaly detection
available for other computer programs via Internet
7. Common Information Space as
8. Inundation Models linked to sensor networks in dikes
9. Breaching Models linked to sensor networks in dikes
10. Virtual Dike can be used by other computer programs
via Internet
C=(C1+C2+C3+C4)/4

C

1.7 Evaluation of expected European impact
The expectations of the impact of UrbanFlood are defined in the FP7 EC work program, call
6.4 “Objective ICT-2009.6.4 ICT for Environmental Services and Climate Change
Adaptation”.
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Evaluation of expected European impact done by
UrbanFlood experts in D7.9

Points
0 to 5

Weight

UrbanFlood contribution to expected impact
 5 * the fraction of the number of successful
evaluations specified in Annex 5
DoW 3.1.1
Impact on the competitiveness of the
proposers
 DoW 3.1.1.1 Direct applications and market
prospects,
5 * the fraction of five of the number market
applications, prospects and research projects and
proposals at the end of 2012

D1

1/8

D2

1/8

DoW 3.1.1.2 Benefits and competitive advantages
5 * the fraction of the net number of ten most
important EWS features in which UrbanFlood
outclasses at least two other 2012 EWS of dikes,
presented in D7.9 (can be negative)

D3

1/8

DoW 3.1.1.3 Economic justification
Letters written by an non UrbanFlood experts
detailing the economic rationale for the monitoring of
(each 1 point and summed up):
1. channel/river dikes,
2. sea dikes,
3. dams of mine tailings,
4. other dams, and
5. mountain slopes
3.2
Dissemination and/or exploitation of project results,
and management of intellectual property
X=0, 1=perhaps, 2=under discussion, 3=business/R&D project
development activities, 4=budgets are reserved, 5=concrete
activities

D4

1/8

D5

1/8

D6

1/8

D7

1/8

D8

1/8







DoW 3.2.1.1 Industrial and commercial routes for
exploitation
o Siemens commercializes UrbanFlood results,
X
o HR Wallingford commercializes UrbanFlood
results, X
o



5 * the fraction of non-commercial partners
that, in 2012 and 2013 put effort in the
exploitation the results (in any form) after the
completion of the project

3.2.1.2 Validation of the technology
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5 * the fraction of a total of 5 of letters of intent
with non-UrbanFlood partners for continuation of
cooperation with consortium members

D=(D1+D2+…D8)/8

D

1.8 Evaluation of the suitability of the technology as an early
warning system for dike failures
Evaluation of the suitability of the technology as an early
warning system for dike failures

Points
0 to 5

Weight

Opinion of participants at the third International Online EWS
Workshop October 2012
 5 * the fraction of positive conclusions of interviews
of at least 10 participants
Opinion of the advisory board
 5 * the fraction of positive conclusions of interviews
of all members
Opinions of practitioners (like water boards and other
authorities)
 5 * the fraction of positive conclusions of 10
interviews in at least 3 countries
Opinions of the general public in visitor centres
 5 * the fraction of positive conclusions of interviews
of 10 visitors in 3 countries
Opinions of participating as well as non-participating SMEs
on the business potential and the usability of the
UrbanFlood technology
 5 * the fraction of positive conclusions of 5 interviews
of SME’s

E1

0,2

E2

0,4

E3

0,1

E4

0,2

E5

0,1

E=0,2E1+0,4E2+0,1E3+0,2E4+0,1E5

E

1.9 Structure of this document
Chapter 1

Evaluation of UrbanFlood

Chapter 2

Baseline of stakeholder expectations: captures the insights of stakeholders
in 2010.

Chapter 3

Baseline of EWSs for flood risk: reports current capabilities of EWSs for
flooding.

Chapter 4

Sensor and software components of EWS for flooding: describes the current
developments in technologies that are relevant for flood related EWS.
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Chapter 5

Architecture of state of the art EWSs: fixes the state of the art in the
construction of EWS, from an ICT perspective, and not specifically flood
related.

Chapter 6

Details of components of contemporary EWSs.

Chapter 7

Guidelines for the evaluation of UrbanFlood.

Guidelines for the Evaluation of UrbanFlood

UFD2.3v2.2.TNO

UrbanFlood

8

Mai 2012

2 Baseline of stakeholder requirements
Due to the continuous developments in ICT and the continuous application of ICT in disaster
management and the management of climate change induced disasters the insights of
stakeholders in EWS change. This chapter captures the baseline of their current
understanding.

2.1 Stakeholders and stakeholder groups
The main stakeholder (audiences) as identified in the Communication and Dissemination
Plan have different requirements. The stakeholders were identified in the following groups
allowing an effective method to capture their requirements.
Table 1 Stakeholders

Group
End users

Members
Practitioners, including flood defence
regulators, managers and operators,
emergency planners and services
Policy makers, who set regulatory,
legislative and other decision making
frameworks (and are separate from the
FRM professionals who work within these
frameworks). Policy makers are likely to
be national, regional and local
government authorities.
Local Groups, including Nongovernmental Organisations (NGOs),
community groups, etc.), plus:
The general public

UrbanFlood

UrbanFlood Consortium

R&D

Industry R&D
Academic R&D , which differs from the
Industry R&D in its focus on education
and training

Baseline of requirements
A stakeholder survey was completed in
April 2010. The results of this survey have
been described in the report “Early
Warning Systems and the Mitigation of
Climate Change Induced Disasters (D2.1)”
and summarized in the report
“Functionality & Architecture of Internet
Based EWS and EWS Hosting Platforms
(D2.2)”.
End-users clearly demand technologies,
that work, continue to work, can be
adapted and afforded.
(No input yet, to be obtained via visitor
centre exhibitions later in the project)
Elaborate set of requirements, obtained
from various resources, listed in
“Functionality & Architecture of Internet
Based EWS and EWS Hosting Platforms
(D2.2)”.
No requirements but technologies of
these groups contribute to the baseline
description in a later section of this
report

Table 2: Groups of stakeholders that contribute to the baseline description of requirements
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3 Baseline EWS for flood risk
Flood risk early warning systems traditionally involve forecasts of the weather (i.e. looking to
the sky) and water height (i.e. looking at the see, lake, canal or river), estimates how these
factors impact the protective structures (i.e. estimating the current strength of a dike) and
estimates what could happen if these structures fail. Clearly such systems exist for
thousands of years, however with the emergence of computers, satellites and the internet
innovations have change the traditional methods, but not the principle, dramatically. This
chapter captures the state of the art of EWS for flood risk at the start of the UrbanFlood
project, June 2010.

3.1 Water management science and practice
The water management science and practice area contains the following key technologies:
i.
ii.
iii.
iv.
v.
vi.

Sensors
Reliability analysis software
Breach modelling software
Flood modelling software
Impact and risk assessment software
Emergency planning and event management software

The general perception, of the subject matter experts of UrbanFlood, of the current state of
art for the use of sensor systems, eventually connected via the Internet, in support of flood
defence asset management, flood early warning and flood event management systems, is
that the technology is not yet widely used, if at all. Sensors are used to monitor flood levels
and conditions within embankment dams, and these can be connected either by hard wire
or wireless systems, but the data is not typically analysed automatically or linked within a
wider array of sensors or linked within a system that provides real time predictions of failure
mode, inundation, impact and hence true flood risk.
However, to investigate and confirm this perception a series of literature searches have
been carried out using ISI Web of Knowledge and Google Scholar in order to find information
on the current state of the art in each of these fields. The key words searched upon are
shown in Table 3 below, along with the number of records returned, and the number of
those records that are relevant to the UrbanFlood project.
Table 3 shows that there are few papers directly relevant to web based early warning
systems for dike failure, web based early warning systems for flooding, or early warning
systems for dike failure. Between 10 and 20 papers were found on the use of sensors to
monitor dike (levee, embankment) stability. A large number of records were returned for
searches related to flood warning systems when not restricted to embankment failure, but
these typically relate to flood warning systems that monitor flood levels within river systems,
rather than conditions within flood defences and the likelihood of failure, inundation and
impact.
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Records found

Records relevant

160

25

Early warning of embankment failure

1

1

EWS for dike failure

0

0

EWS for levee failure

0

0

Embankment monitoring

10

3

Levee monitoring

24

2

Dike monitoring

80

7

Internet based EWS for flooding

0

0

Internet based EWS

50

2

Flood sensors

160

1

Embankment Sensors

10

0

Levee sensors

4

0

Dike sensors

6

3

EWS for dam failure

2

1

IJkdijk

3

3

Sensors of dike failure

0

0

Sensors in dikes for EWS

0

0

Remote dike monitoring

0

0

Smart dikes

0

0

Intelligent sensor networks

0

0

Sensor embankments

2

2

Flood warning systems

Table 3: Key words searched

The results above confirm the perceptions of members of UrbanFlood. In February 2009,
Jonathan Simms of HR Wallingford and Robert Meijer of TNO, two experts who later
initiated UrbanFlood, were invited to a workshop called Non-Invasive Monitoring and Failure
Detection in Earthen Embankments. For this meeting the US Army Corps of Engineer did a
worldwide search for subject matter experts.

3.2 Development, testing and application of sensor based EWS / AMS
A EWS that uses sensors to monitor the conditions in dikes (“smart dikes”) for the protection
of an urban area in the manner foreseen by the UrbanFlood project does not seem to exist
yet (2010). However, there are a number of projects, mostly in the Netherlands, where
sensors are installed in dikes, and where some experience with such sensors has been
gained. EWSs that are based on sensors are implemented for reservoir dams; the earliest
examples are in the United States. In the UrbanFlood report “Early Warning Systems and the
Mitigation of Climate Change Induced Disasters (D2.1)” several initiatives for the testing and
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application of sensors in dikes are described; these include the IJkdijk and LiveDijk research
and testing initiatives, and installation of sensors and (simple) monitoring systems in the
dikes at Vlaardingse Kade, Voorboezem Nootdorp and at a location in Rotterdam Harbour. In
the UK British Waterways has installed a fibre optic system to measure seepage flow along
one of their canals. Plans for further installation of sensors are being made for at least two
more locations in the Netherlands and for levees in New Orleans, USA.
The literature search reported in section 5.6 has revealed few papers on the subject of using
sensors within flood embankments (dikes, levees) as part of operational early warning /
event management systems. There are no references to their use for aiding day to day asset
management. However, there are examples of sensors in dams as part of early warning
systems. Myers and Dutson (2003) present a case study of an Early Warning System for an
embankment dam that monitors water level, seepage in the dam, seepage at the toe, which
is combined with a response plan. For dams with very short lead time between a breach and
inundation of the downstream communities at risk the EWS has to reliably detect imminent
failure (Myers and Dutson, 2003).
There are also examples of sensor based early warning systems for flooding from rivers
(Chung et al., 2010; Werner et al., 2008; FLIWAS; Hughes et al., 2008; Basha, 2007). An
example of an Early Warning System (EWS) for flooding in Taiwan is presented by Chung et
al., (2010). Chung et al., (2010) show that following the development of the web-based
system the Water Resource Agency can communicate in real-time across 13 offices, monitor
the flood situation at 100 sites on rivers and dams, and access historical data from any office
location. The computing grid can be used for forecast models along with the sensor network
(gauges, video cameras) to provide a decision support system (Chung et al., 2010). A benefit
of the sensor network data and web dissemination is that maps of flood hazard can be
instantly produced to enhance event management (Jellema and Gijsbers, 2008). However,
the focus of these systems is on monitoring of river conditions, rather than the condition of
flood defences.
The EU Interreg project NOAH developed a flood warning system FLIWAS as a standard for
use across EU countries (Figure 2). This web-based system improves and integrates existing
river forecast models, flood management action plans, flood risk maps and emergency
management plans through an internet-based GIS (www.fliwas.eu). It can use (sensor)
inputs as trigger for warnings and action plans; at present it is usually implemented using
water level sensor data or predicted water levels as input.

Guidelines for the Evaluation of UrbanFlood

UFD2.3v2.2.TNO

UrbanFlood

12

Mai 2012

Figure 2: FLIWAS (Flood Information and WArning System, www.fliwas.eu) combines information and links this
to emergency response plans, risk maps and (pre-calculated) scenarios, to support decision makers.

Werner et al., (2009) have identified probabilistic forecasts to reduce uncertainty as a future
improvement to the UK flood forecasting system. However for probabilistic early warning
systems the results must be clear and concise, including an acceptable level of uncertainty at
which actions are triggered (Thielen et al., 2009).

3.3 Conclusions
This chapter captured the state of the art of flood risk EWSs – at the system level. There are,
and always have been flood risk EWSs, however



Existing flood risk EWS do not monitor, in real time, the condition of dikes
Existing flood risk EWS do not calculate risks based on real time measurements of
dike conditions

The next chapter captures the state of the art of components of a flood risk EWS.
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4 Sensor and software components of EWS for flooding
This chapter enumerates the state of the art of components of a flood risk early warning
system.

4.1 Sensors
There have been a number of studies in the last 10 years on the use of sensors to detect
flood embankment failure.
Observable(s)

In the dike

In water

Remote sensing

Onset of
breaching

Fibre optic sensors
Naruse et al., (2000)
Nother et al., (2008)
Jiming et al., (2007)
concluded from
experiments with optical
fibres in dikes, that
changes in the dike could
be detected when slope
failure occurs near to the
location of the sensor. In
the IJkdijk experiments
(Meijer and Koelewijn
(2008) and Pals et al.,
(2009)) fibre optic,
acoustic sensors,
accelerometers were
successful in the
detection of breaching
processes.

Hughes et al., (2008)
suggest warning systems
based on remote sensors
of rainfall and river water
level provide early
identification that a
storm event may lead to
overtopping of flood
defences, or the flooding
of undefended areas

Ohle et al., (2005) detect
seepage water level in
dikes during high floods.
Hossain et al., (2006)
identify slide locations
from remote sensed data
based on the vegetation
characteristics. In the
IJkdijk experiments
(Meijer and Koelewijn
(2008) and Pals et al.,
(2009)) using LIDAR and
infrared camera’s
successfully detected
breaching processes.

Physical
condition

Garcia and Uchimura
(2007) and Schulz et al.,
(2008) concluded that
monitoring the water
content in the dike may
be used to predict failure

Chung et al. (2010);
Hughes et al. (2008); and
Basha (2007) use flow,
level, rainfall as input for
flood prediction
modelling

Hanssen et al. (2008)
show that satellite radar
data can be used to
calculate dike stability.

Table 4: The measurements either indicate the conditions of the dike or if the dike is in the process of

These studies show that dike monitoring is a promising and economic way to increase flood
safety. Meijer and Koelewijn (2008) and Pals et al., (2009) describe the IJkdijk facility
(www.ijkdijk.eu) in the Netherlands for the testing of different sensors to detect various
processes reflecting dike failure. Hence such studies inspire the development of EWS
powerful enough to monitor thousands of kilometres of dikes. Studies however mark the
beginning of a development, and focus mainly on sensor development.
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Figure 3 Installation of one of the sensor systems in the IJkdijk test facility (left). Developing failure of the test
dike (right). Both pictures were taken by TNO, September 2008.

4.2 Practical experience with sensor systems for dike monitoring.
Sensor developments are explicitly not a part of the UrbanFlood project. This was by design
as investments by others (e.g. in the IJkdijk projects) were, and are, mainly focused on these
sensor systems. This created a void regarding technologies for internet based early warning
systems. UrbanFlood fills this void by supplying ICT facilities to store, manipulate and browse
data, to generate EWS on demand and enable interwork with other EWSs. Most noticeable
and discriminating are UrbanFloods ICT developments in the field of “sense making” by
supplying general purpose, AI based technologies, and models dedicated to dike safety and
flood spreading. UrbanFlood ICT is much more than a graphical user interface to
geographically organized data. Yet, despite of not doing of sensor research, UrbanFlood
accumulated experience with and failure statistics of sensor technologies. This can be used
to assess in how far one can trust, in practice, the ability of a complete EWS to detect
anomalous situations in dikes. The final evaluation will present this assessment.
On basis of TNO’s participation with IJkdijk experiments since 2008, and subsequent
involvement with the Livedike – a long term dike monitor activity – UrbanFloods sensor
systems were chosen1and2. The selection mechanism favored functionality and ease of
integration but not a long live time. Long levity is a most relevant property of sensor systems
for dikes, however there was, and is, not much knowledge and experience regarding this
property. Leaving sensor systems in dikes is a relative new development.
Since 2009, UrbanFlood has monitored sensor systems embedded in various dikes. As these
dikes were not destructed during experiments the performance of the sensors systems
themselves can be evaluated. Some of the systems were bought by UrbanFlood on basis of

1

Weijer, J, Elbertsen G.T., Koelewijn, A.R., Pals, N. (2009) Macrostabiliteit IJkdijk: Sensor en
meettechnologie. Rijkswaterstaat NL. ISBN978.90.5773.432.8. VIW: 2009-19
2

Koelewijn, A.R., Pals, N, Sas, M.J., Zomer, W.S. (2010) IJkdijk Pipingexperiment: Validatie van sensoren meettechnologie voor detectie van optreden van piping in waterkeringen. Stichting IJkdijk. ISBN:
978.90.57773485.4. VIW 2010-26
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IJkdijk experiences, others were bought by other institutions and UrbanFlood was given
access to their data. However, as UrbanFlood technologies were underdevelopment, the
monitoring activity yielded fragmentary data. Table 5 captures qualitatively the practical
experience with sensor networks in dikes since 2009. In 2012 UrbanFlood will collect and
publish quantitative performance data and evaluates the feasibility of EWS deployment also
on these qualities.
Nature of
sensor

Sensor with buried
electronic device

Sensor with above
ground electronic device

Buried fibre optics

Vulnerability

Bacterial, chemical and
organic fouling, clogging
of pores, lightning,
displacement, hydraulic
short circuits

Vandalism

Mechanical damage of
cables

Table 5 Known vulnerabilities and their dependence on the nature of sensor systems.

4.3 Sensor telecommunications
In theory, telecommunications is in Western Europe a non-issue for monitoring dikes as an
abundance of telecommunication infrastructures exists. True enough, the installation a
telecommunication connections come at a price, yet these are, fore dike monitoring, never a
blocking issue.
In UrbanFlood ADSL, UMTS and GPRS are used to transfer sensor data to the EWS. During
two years of monitoring of various dikes – no other known project has done this so far -, a
limited number of practical issues with a very limited practical impact emerged. Although
they do not have the nature to block the feasibility of dike monitoring, they are a practical
nuisance in the development of EWS technologies. For wireless technologies these are
packet and connection losses as well as the difficulty of becoming a customer of a foreign
telecom operator. Furthermore, telecommunication system engineers never anticipated
wireless sessions lasting for days or more. Now, March 2012, as the UrbanFlood system is
becoming more stable, ungraceful session terminations are noticed. For instance at
Colijnsplaat, one of the sites UrbanFlood is monitoring, connections are dropped every few
days for unknown reasons. Yet, the impact of such events is negligible as far the detection of
anomalies is considered. In the current situation however, were the feasibility of the
particular dike monitoring solution is frequently demonstrated, connection terminations are
perceived as a problem when they might occur during demonstrations.
The capacity of a telecommunications link is effectively limiting the amount of data that can
be transmitted from a dike. This limits the amount of dike that can be monitored via such a
link. One can tune the amount of telecommunications by performing more data analysis
tasks at the dike itself – creating effectively a sensor system which generates less data.
Theoretically one can even deploy some if not all of UrbanFloods EWS tasks in cabinets
placed at the vicinity of dikes.
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Currently, however, UrbanFlood deploys no sensor networks that are limited by the (cost of)
telecommunication facilities. In the coming years, operational EWS are expected to be
deployed in the monitoring of high risk dikes. Here the cost of telecommunications is always
dwarfed by the cost of damage due to flooding.

4.4 Failure prediction software
This software is under continuous development, reflecting the scientific progress and the
inclusion of the new knowledge in software. Scientifically, failure prediction is linked to the
concept of fragility: the probability of failure conditional on a specific loading (Casciati and
Faravelli, 1991).

Selected failure modes leading
to dike collapse

Operational

Under development

In the UK generalised fragility
curves have been produced for
use in national scale risk
assessments (Sayers et al.,
2002; Hall et al., 2003; Gouldby
et al., 2009; Simm et al., 2009).

Vorogushyn et al. (2009) have
produced fragility curves for
piping based on the processes
of seepage and rupture, and for
micro-instability based on the
process of seepage.

All failure modes

Allsop et al. (2007), as part of
the European FLOODsite
project, collated information
describing different failure
modes for flood defences
under various load conditions

Table 6: State of the art and developments in reliability analysis software

For the failure of dikes, the specific loading depends on many parameters, including those
that represent the state of (parts of) the dike. The state of the dike is in contemporary EWS
as FLIWAS estimated on basis of sensors (e.g. water height in a canal), remote sensing (e.g.
weather) and models (e.g. to forecast the pore pressure in a dike), but not on actual dike
conditions.
Currently, the situation is such that EWS do not use sensor systems placed in dikes to
determine the fragility, and that such sensor systems are not connected to a EWS.

4.5 Breach modelling software
Predicting breach growth (i.e. the progressive failure of a flood defence structure) is an
essential part of any flood risk assessment since the rate of breach growth dictates the rate
at which flood water passes from the river (source) through or over the flood defence
(pathway) and onto the floodplain (receptor). However, there are a multitude of factors that
affect breach initiation and growth, making reliable prediction very difficult.
The recent European FLOODsite project (www.floodsite.net) included a series of research
actions under Tasks 4 and 6 that provide the current state of art for breach modelling.
Whilst this specific research was undertaken by teams from the UK, Netherlands and
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Germany, the research programmes also linked with international initiatives, such as the
CEATI facilitated dam safety interest group on breach modelling, to ensure that the research
undertaken, model development and model evaluation work was state of the art worldwide.
Key reports detailing the breach work include:




Report T06-08-11. Breach initiation and growth: Physical processes. (Morris, 2009)
Report T06-06-03. Breaching processes: A state of the art review. (Morris et al.,
2009c)
Report T06-08-02. Modelling breach initiation and growth. (Morris et al., 2009a)

An executive summary of the 5 year research programme can be found in Report T06-08-01
(Morris et al., 2009b).
The availability of commercial models is limited. There are many simple, non-physically
based empirical models presented as either equations for direct use or as ‘modules’ within
flow packages. However, in terms of physically based predictive models, only the National
Weather Service NWS BREACH and HR Wallingfords HR BREACH models are available (Wahl
2009). Others and refined versions of the HR BREACH model are expected to become
available during the next few years (status 2009).
Currently, there are no EWS that detect, on basis of in-situ sensor information, the onset of
breaching. This would allow mitigating measures to be made as well as forecasts of breach
development and flooding scenarios.

4.6 Flood modelling software
There are a number of numerical models for simulating the flow of water across floodplains
which solve the 1D Saint Venant equations or the 2D depth-averaged equations. Examples of
commercial flow modelling software include InfoWorks3 ( L’homme et al., 2010), iSIS 4, HecRas5, TuFLOW (www.tuflow.com/), Telemac6 (Galland et al., 1991), and Mike217.
Currently, Flood Modelling software is not part of a EWS system that uses sensor
information to calculate the onset and eventual consequences of breaching.

4.7 Impact and risk assessment software
Risk assessments in the UK are based on the source-pathway-receptor model (Sayers et al.,
2002). The source relates to the ‘hydraulic loading’ or water level in a river or the sea; the

3

www.wallingfordsoftware.com/products/infoworks_rs/infoworks_2d.aspx

4

en.wikipedia.org/wiki/ISIS_Modelling_Software

5

www.hec.usace.army.mil/software/hec-ras/

6

www.telemacsystem.com

7

www.mikebydhi.com
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pathway represents the mechanism or route by which the flood water progresses, such as
overtopping or breaching of the flood defence; the receptor reflects how the flood water
impacts the flooded area (i.e. the consequences), such as the relationship between water
depth and economic damages / risk to life for properties within the floodplain. The risk,
expressed as Annual Economic Damage, can then be calculated. Gouldby et al., (2008) have
described the method for determining risk utilising fragility curves, a rapid flood spreading
method, and a relationship between water depth and economic damage. The method has
been applied to the Thames Estuary as part of FLOODsite Task 24 research programme
(Gouldby et al., 2008; Gouldby, 2009; FLOODsite8).
Currently, impact and risk assessment software does not take information from sensors
about actual dike conditions into account. This type of software is used to produce precalculated scenarios, not to provide an on-line calculation of a specific breach.

4.8 Emergency planning and event management software
Typical emergency planning

For Europe, flood preparation and flood warning is based on the European Floods Directive
2007, which is then translated to national structures and procedures. In general local water
management authorities are responsible for flood defence asset management, and for
emergency planning and action involving these assets. Flood preparation is generally the
responsibility of the emergency management authorities, which is any combination of fire
brigade, police, army and Ministry of the Interior, in close cooperation with local level
authorities. The responsibility for emergency action in case of flood threat or actual flooding
usually lies with these actors too, with the (local) water management organisation in an
advisory and supporting role.
The exact distribution of tasks and responsibilities is different in every country. The situation
is reflected in software which is tailor made and created evolutionary created according to
local insights. The flood related emergency planning software the UK is quite typical for the
state of the art.
Emergency planning in the UK

In the UK the Environment Agency (EA) is responsible for providing flood warnings following
national legislation (Water Resources Act 1991) and the European Floods Directive 2007.
Werner et al., (2009) have reviewed the flood warning systems in the UK, namely the
National Flood Forecasting System used by the EA and the Flood Early Warning System used
by SEPA in Scotland.
Typically, for river flooding, these systems take rainfall data from the Met Office, combine
flow gauge data and hydrological models to produce forecasts. Flood warnings are issued by
phone, internet, e-mail, and SMS (Werner et al., 2009). Although this system does not
include dike breach, Werner et al., (2009) observe that the EA web server is able to receive
8

www.floodsite.net
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reports and weather warnings from the Met Office and is able to disseminate data and
reports from the operational flood forecasting and to update the level of flood warning.
For coastal flooding, the wind, surge and tidal data in the EA web server ‘EasyNet’ are either
compared with tables to assess the possible severity of the consequences to the water levels
and the defences or, in areas to which these models are available, input into coastal flood
forecasting models (e.g. EA Coastal Flood Forecasting System or Triton Model) that provide
an estimate of the inshore condition and to a lesser extent to the conditions of the defences.
Visual inspections of the coastal defences are issued depending upon the severity of the
forecast (i.e. when they think it is appropriate). All these actions lead towards the decision as
to the level of flood warning that is issued.
Currently, impact and risk assessment software does not take information from sensors
about actual dike conditions into account. The development of sensor based early warning
and event management systems would greatly help the management of a response to a
flood event by providing specific flood defence condition data in real time, along with the
associated mapping should failure occur, or be occurring. This will significantly reduce the
uncertainty associated with event management and allow invariably limited emergency
response resources to be focussed in the most effective way, in the most threatened areas.

4.9 Conclusions








There is continuous progress in the field of Hydraulics to capture the physical
processes related to flooding and defence performance in software
Software is designed to improve the statistical accuracy of flood early warning
systems
Software does take into account water levels and rainfall
Risk assessment software does not take into account the actual real time condition
in dikes
The management of a response to a flood event would benefit from an EWS that
provides specific flood defence condition data in real time, along with the associated
mapping should failure occur, or be occurring.
There are no developments which enable software models to calculate observables9.

9

The output of sensors do not relate directly to a certain dike failure mechanism. Theoretically, a
computer model of such a mechanism might be able to calculate which kind of values a certain type
of sensor might produce (even as a function of time). E.g. the signals (observables) of a 300m fibreoptic cable sensor indicate its acceleration as a function of place and time. Acceleration might be
related to the macro stability failure mechanism but also to the piping one. Suppose that a macro
stability breaching model would be able, under certain conditions, to reproduce the observables and
that the piping model is not able to do this. On basis of such calculations one might then decide that a
macro stability failure is going on and what the most probable conditions in the dike are – even if they
are not measured directly.
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5 Architecture of state of the art EWSs
5.1 Basic software blueprints
An early warning system is implemented as a collection of several interacting applications. A
most elementary, and for this reason frequently encountered EWS blueprint is shown in
Figure 4.

Figure 4: Elementary EWS. Sensor data (either remotely or in-situ monitored) is collected and stored. Through
a user interface system, here depicted as a web server, humans interact with the system. Programs that are
part of the web server or database may provide warning services, e.g. by monitoring threshold values of
certain variables.

In the system of Figure 4 sensor data is collected and stored in a data base. A web server or
another program is responsible for interacting with users. Despite the simplicity of
architecture, quite advanced database or web server scripts may be present, as well as
sophisticated computer programs. ICT experts of UrbanFlood (no literature present) state
that systems of Dutch water boards, and also systems to which HR Wallingford has
contributed, are frequently built following the architecture of Figure 4.
Communication with other computer systems is not a primary design feature of the
architecture of Figure 4. If it should be, one can add a common information space10, a
technology that allows distributed applications to cooperate, to the system shown in Figure
4. Figure 5 shows an early warning system where applications are facilitated to interwork
with each other based on the services of a communication space. The communication space
allows the connected application to be distributed over the internet. In contemporary EWS
(and corporate IT) the communication space is implemented with Enterprise Service Bus
technology11. ESB technology is available from many vendors and also as “open source”.

10

There are many other ways to introduce an application-application communication frame work. The
term common information space is coined because it fits with purposes of many ICT-for environment
initiative’s, including GEOSS, emphasizing that interworking in this context is essential.
11

en.wikipedia.org/wiki/Enterprise_service_bus, the typical concept for technologies that allow
application-application communication by message exchange
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The communication space is controlled by the interaction manager, a workflow controller
that inspects messages received from applications and that can generate, using lookup
tables or computer programs, other messages that it transmits to (receiving) applications – a
single message to a workflow controller can have multiple and orchestrated effects.

Figure 5: Architecture of a contemporary EWS. Central is a communication space, a facility that allows
interaction between applications that are distributed over the Internet. As a consequence the system can be
constructed by integrating specialized applications, each provided by specialist companies or institutions.

Figure 5, in essence, also captures the vision of the Group of Earth Observations (GEO,
www.earthobservations.org). The internet and various internet related technologies are
used to provide a Common Information Space (CIS) that allows applications to share
environmental data and integrate sensor networks to a Global Earth Observation System of
Systems12. Currently, the CIS is implemented as a website, a portal where data can be
downloaded.
Figure 6 details a typical design of a general purpose CIS based on a single ESBs. ESBs are
designed to ease the integration of independently developed applications (as is the current
practice in flood safety related applications, see Chapter 3 and Chapter 4). Applications
interface with the ESB through a software component called an adaptor13 that is specifically
made for each application. Through adaptors, applications can send messages on the bus to
a workflow controller. The controller contains programs that translates such messages (e.g.
“sensor system 12 added, these are the specs”) into commands to various other applications
like databases (“create tables for sensor system 12”), user interfaces (“draw sensor system
12 on that and that screen”, “send a twitter message that sensor system 12 is online”), AI

12

en.wikipedia.org/wiki/Global_Earth_Observation_System_of_Systems

13

The implementation of an adaptor as a web service, en.wikipedia.org/wiki/Web_services, is
currently quite popular, allowing workflows to be specified and implemented with BPEL (Business
Process Execution Language), en.wikipedia.org/wiki/Bpel, and BPEL toolkits.
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(“start to learn normal behaviour of sensor system 12”) and dike stability software (“use
pore pressure values of sensor system 12 to calculate the fragility”.
All major vendors, and quite a few scientific institutions provide general purpose software
systems for monitoring and control based on ESB technologies.

Figure 6: An Enterprise Service Bus (ESB) is a distributed computer application that facilitates the exchange of
messages between applications that are distributed over the Internet. In popular terms it is an email facility
between applications (computer programs). Applications interface with the ESB through adaptors. Adaptors
are tailored to each application allowing them to communicate, via the ESB, with the other applications either
by a direct message exchange or via a workflow controller.

5.2 Cloud technologies
“Cloud technologies14” is jargon for a technology that allows users to rent online computer
capacity. These computer systems then are made to run “virtualisation software”. This is
technology that allows multiple operating systems (OS) to share the same (rented)
hardware. The operating systems themselves run various applications (computer programs)
e.g. webservers or a dike fragility estimator. Furthermore, the virtualisation software allows
halting such OS’s (and contained running programs), move these to other computers and
continue operations there. An OS and contained programs that together have these
properties is called a “virtual appliance 15”. The combination of cloud, virtualisation and ESB
technologies allows that applications can on demand be distributed and replicated freely
whilst their interworking continues. This capability is not widely exploited, if at all. It would
allow to construct EWSs that are able to adapt their processing capacities, e.g. to the
amount of data offered, as well as to instantiate, automatically, a EWSs for other sensor
systems. The UrbanFlood proposal describes such a combination as a key feature of a flood
EWS.

14

en.wikipedia.org/wiki/Cloud_computing

15

en.wikipedia.org/wiki/Virtual_appliance
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5.3 Internet connected sensor systems
In its infancy, not unlike the situation of the web itself as well as the condition of Google and
Youtube yeas ago, Pachube has an ambition to become the engine of the ”Internet of
things”. To do so, it offers a free service where sensor-data can be stored and published.
Other users can subscribe to existing sensor-data streams by means of export, or creating
event based triggers e.g. a sensor value has exceeded a threshold and causes a “HTTP POST “
request with arguments to a certain URL. Currently the site can be best described as a
geospatial browser to physical sensors of citizens, being rather close to the concept of a CIS.

Figure 7 Pachube, www.pachube.com is a free web portal that combines web technology and map-engines to
access sensors systems that have been interfaced to it by users, e.g. publishing power consumptions in their
homes.

5.4 The UrbanFlood concept for EWS
Concept of an internet based early warning system
For the evaluation of UrbanFlood it is required to know what UrbanFlood has proposed to
the EC for a “general purpose EWS that is validated for the case of flooding”. Figure 8
visualizes the UrbanFlood architecture, from the ODP “Enterprise viewpoint”, for an EWS
that has the properties listed in Annex 6
The essence of the concept, from the stakeholders’ point of view, is that stakeholders have
to connect, through the internet, sensors to the EWS. The EWS stores and analyses the
sensor data and generates information for the stakeholders (e.g. authorities and the general
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public) supporting, via the internet, the decision-making process. A common information
space (CIS) concerts all interactions between the various components of a EWS, including
data transport and communication with other EWS.

Figure 8: Architecture, from a business point of view, of the UrbanFlood internet based early warning system

Multiple objects (e.g. several dikes) can be monitored by a single EWS. Furthermore, several
identical or not (second opinion) EWS-s can be dedicatedly used to monitor a single object.
Also, a single EWS can be used by more than one organisation and EWSs are designed to
interwork with each other. The EWSs are part of an ICT facility that generates EWSs on
demand. The facility allows the sharing of hardware, software and human resources with
several organisations. Figure 9 shows an initial design of how, with the use of cloud
technologies these properties of the EWS facility are achieved.
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Figure 9 An internet based EWS facility allows multiple EWS to share ICT resources over the
Internet. A platform supports multiple EWSs that are run independently from each other. EWS
are generated by scripts; the EWS facility can host many of these, renting additional hardware
on the internet. Cloud computing technologies – shown here as VMWARE – are key to this.

The EWS facility shown in Figure 9 uses a particular (commercial) implementation of
virtualisation software known as VMWARE. There are however many alternatives for
VMWARE and evaluated in UrbanFlood.
In the example of Figure 9, each VMWARE contains one OS. Each OS might (of course) run
multiple applications. The VMWARE, the OS and the applications together are termed as
“virtual appliances”. A EWS is then composed of multiple appliances, including at least one
“CIS virtual appliance” (that serves as a message exchange facility between the various other
virtual appliances as well as with non-EWS applications via the internet). Most importantly,
the virtualisation technology allows that a EWS as a whole (!) can be copied from an existing
one (or a template), by just copying the files VMWARE needs. Additional configuration of the
copied EWS puts the EWS into production.
In the UrbanFlood concept, EWSs interact via a specialized CIS that is configured to
orchestrate (continuously) the distribution of VMWARE over available hardware. This CIS is
also able to rent additional hardware over the internet. In UrbanFlood, most if not all
software is run in the cloud computing environment, the only exception possibly being super
computers (or other special hardware) required for special breaching models.
As the whole EWS facility provides its services through the internet, the concept can be
described as a “EWS facility” as a service and a “EWS as a service”.
Table 7 presents the characteristic features of the UrbanFlood EWS from a technology
viewpoint.
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Technology

Internet centric EWS platform

1.

EWS based on an ESB

2.

General purpose EWS Platform “as a service”

3.

Visualisation support for the decision taking

4.

Common Information Space as a service

Technologies to create an EWS
platform

5.

Cloud services, virtualisation technology

6.

Enterprise Service Bus (ESB)

Technologies to create an EWS

7.

Enterprise Service Bus (ESB)

8.

Web publishing

9.

Plug-Ins

10. Artificial Intelligence based anomaly detection
EWS components

11. Common Information Space

Flood related EWS components

12. Inundation Models
13. Decision support system (with visualisation)
14. Breach Models
15. Virtual Dike

Table 7: Building blocks of the UrbanFlood EWS

5.5 Performance of an UrbanFlood EWS
The performance qualities are such that the UrbanFloods technical functions must be
performed fast enough and at an affordable price. Within UrbanFlood, EWS are generated
on demand. Currently there are no application contexts where the time of EWS generation is
limiting: the generation takes place in a few minutes whilst the installation of sensors,
getting permissions to observe a certain object takes days, at the least. Hence, the key
performance issue is if a single EWS has enough capacity to monitor a dike, or, more general,
a certain object.
At a given time, to monitor a unit length of a given object, at least

[/m/s] observations

in a unit of time have to be made. An observation might require multiple sensor readings at
various locations and times. The capacity [/m/s] of an early warning system is the number
of observations that can be processed per second. If this enough for a successful monitoring
depends on number of observations required to monitor the object. For a successful EWS,
this requires
. The determination of
and can only be done at the end of
the project as dike monitoring is understood best.
Some crude indications for

can be inferred from the IJkdijk experiments1. There, most

sensor systems indicated the onset of failure at least one day before this actually happened.
Observing the weak part of a dike at a frequency of 10/day would certainly lead to an
accurate forecast of its failure. Likewise UrbanFlood monitors the influence of tides on dikes
to see if the sensor responses are anomalous. Capturing the partly sinusoidal behavior (two
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periods) of many sensor readings with twenty measurements gives another indication of the
minimum observation frequency. From these two considerations one can say that
is
about 20/day/(length of weak spot). Typically an observation takes into account 10 sensor
values. A 10m high sea dike will, according to a rule of thumb, develop a weak zone of about
40 meters. It is then quite reasonable to monitor it every 20m. Hence
is about 20/20 =
1/day/meter.
In the evaluation of UrbanFlood, values for

and

shall be presented, discussed, and

evaluated for dike monitoring. The applicability of UrbanFlood EWS in other domains shall
be described.

5.6 Current science & practice for component parts of sensor based
EWS
Methodology

There are many ways to measure the state of the art of EWSs and ICT components. The
crucial issue is that none of the contemporary EWS is able to meet the target outcome of
FP7, call 6.4a, the “reason d’être” of UrbanFlood.
Ranging from a simple bell that sounds if a door is opened towards a system that warns for a
nuclear missile attack – EWS have been around for thousands of years and have an
enormous spectrum of sophistication. Clearly, a baseline determination requires a selection
of relevant technologies: reference technologies that exemplify the current state of the art
in EWS. Relevant characteristics should be meaningful in the UrbanFlood context. According
to the specifications, UrbanFlood creates, an “internet based general purpose EWS
platform” and validates it for the case of flooding in urban environment. Evaluations should
address general purpose platform technologies that enable various EWS to share software
and hardware. Furthermore the EWS can be applied for general purposes and can be applied
for flooding by implementing specific parts.
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Figure 10: Typical state of the art EWS system. Remote sensing technologies provide information for websites
that inform the public. Email and text message warnings are sent when emergencies are detected. In addition
information from other Internet resources related to the (developing) disaster, e.g. from press agencies, is
collected and presented. Similar examples, tracking storms, earthquakes and tsunamis, can be found at the
European Joint Research Centre Global Disaster Alert and Coordination System (GDACS).

Reference technologies reported are mainly found via Internet search engines – the typical
way to find new software. If a search on certain aspects of technologies is unsuccessful it
means either that a reference technology does not exist or is not found or that the creators
of the technology use another semantic framework to describe the capabilities of the
system. Despite extended searches, no reference technologies are found on some aspects of
the UrbanFlood EWS concept. Table 8 in Chapter 6 “: Baseline summary for building blocks
of the UrbanFlood EWS” is a summarised baseline for the UrbanFlood EWS/AMS.
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6 Details of components of contemporary EWSs
6.1 Baseline summary
Table 8 lists the baseline summary, the result of the state of the art exercise (UrbanFlood
WP2 Task 1) to be used as input for the monitoring of the progress of UrbanFlood as well as
its evaluation.
Characteristic feature

Technology

Reference technologies

Internet centric EWS
platform

EWS

None - EWS are dedicatedly made and not offered
as a general purpose service, to be populated with
specific components that monitors sensor networks

General Purpose
EWS facility as a
service

None – EWS are NOT designed as an online facility, a
service that generates on demand an EWS

Visualisation
support for the
decision taking

EWS like FLIWAS do publish information on the
internet showing amongst others high risk places.

Common
Information Space
as a service

None - As Online EWS platforms do not exist,
Common Information Spaces are not run as a service
but as a data store or portal with public (internet)
access via a webserver. Pachube comes close as a
browser, see Section 5.3

Cloud services

None - Cloud services are not used as the enabler of
EWS platforms

Enterprise service
bus

None - Enterprise service busses are not used to
create an EWS platform

Enterprise Service
Bus (ESB)

All major ICT companies e.g. IBM [1] Oracle [2] and
Open Source initiatives [3] offer Enterprise Service
Bus technologies for the creation of a specific EWS
for a specific customer. Standardisation initiatives
like the Open Geospatial Consortium are developing
ESB based sensor monitoring systems [4].

Web publishing

Standard technology, widely used

Plug-Ins

Applications can interact through adapters and the
ESB with other applications. ESB property.

Artificial
Intelligence based
anomaly detection

ESB can link applications that can detect anomalies.
If an EWS requires this, applications can be
constructed specifically for the EWS – AI is not run
as an service

Common
Information Space

The Group in Earth observations (GEO) is publishing
data on environmental issues and is developing
parts of a common information space [5]. [2] and [3]
have data bases as a prominent feature in their ESB
technology

Technologies to
create a EWS platform

Technologies to
create an EWS

EWS components
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Characteristic feature

Technology

Reference technologies

Flood related EWS
components

Inundation Models

None – there are no inundation models linked to
sensor networks in dikes

Breaching Models

None – there are no breach models linked to sensor
networks in dikes

Virtual Dike

None – there is no online software that simulates
dike behaviour

Table 8: Baseline summary for building blocks of the UrbanFlood EWS

6.2 Reference technologies
Table 9 List of reference technologies mentioned in Table 8
No

Website /
UrbanFlood
concepts
“touched”

Description

[1]

www.alphaworks.
ibm.com/tech/fa
bric4sensors

From the website:



ESB



Internet



Plug-in

A lightweight message bus and toolkit for sensor and other
resource constrained networks that provides a middleware
platform to access and manage sensors and data feeds
The Fabric for Sensor Network Management and Data Transfer
tool enables multiple users, with multiple requirements, to
access sensor network assets without the need for custom
applications or interfaces. Sensor output can be easily integrated
into existing applications and middleware infrastructures, and
used in new and innovative ways. The tool can be used with
current sensor and networking technologies. It is not necessary
for a complete change before the benefits can be achieved.
The Fabric message bus middleware provides unified access to,
and management of, sensor networks. It is designed to simplify
the development and operation of sensor network solutions.
Specifically it simplifies the way sensors are attached, discovered,
and utilized. The Fabric spans the network from the data centre
to deployed sensors and mobile personnel. It tracks the sensors,
nodes, and users of the sensor network allowing universal access
to sensor data from any point, maximizing its availability and
utility.
The Fabric’s plug-in architecture allows new functions including
services, policies, security, filters, transformations and event
detection algorithms, to be deployed into the sensor network
and selectively applied to sensor messages en route to the user,
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simplifying the customization of the Fabric for individual users
and applications.
[2]

www.oracle.com/
us/technologies/r
fid/index.htm


ESB



Internet



Plug-in

From website
Oracle RFID and Sensor-Based Services provide companies
looking to adopt RFID technology with a comprehensive set of
capabilities to capture, manage, analyse, access, and responds to
data from sensors such as RFID, location, and temperature. Based
on Oracle's mature, proven technology—including Oracle
Database, Oracle Fusion Middleware, and Oracle Enterprise
Manager—Oracle RFID and Sensor-Based Services enable
companies to quickly and easily integrate sensor-based
information into their enterprise systems. Oracle's solution
includes a Supplier Compliance Workspace, Sensor Edge Server,
Sensor Edge Mobile, and integrated support in the Oracle
Database, Oracle Fusion Middleware, and Oracle E-Business
Suite.

Sensor Edge Server

Oracle Application Server
OPMN

Driver

Admin
Console

Internal
Store//Forward

Groups

Local Processors:
Filters & Rules

Sensor Data Management
Reporting

Associations

Archiving

Development Services

EM
Central/Remote
Administration

Administration

JMX

Web
Services

Sensor Edge Server
Dispatchers

Driver

Device Abstraction Layer

Driver

WS
Callbacks

Streams

Oracle
Streams/AQ

ALE

EPC ALE
CLient

EventFlow

WS, HTTP,file,
Stored Proc, etc

Web Services
IS Services
Device Mgmt.

Monitoring

Custom
Solutions

EPC Mgmt.

Sensor Data.

Sensor Data
Repository
(optional)

Figure 11: Oracle follows a typical design pattern for a sensor monitor/early
warning system. A key element is the data repository.

[3]

www.sensordata
bus.org


ESB



Internet



Plug-in



Flooding
related



OGC
“aware”

From website:
The Sensor Data Bus (SDB) project is a data framework, which
aggregates and organizes disparate environmental sensor
information for the scientific and research community. SDB
provides interfaces and open standard web-services that
promote data interoperability, platform independence and
robust delivery methods. Data collected by the SDB includes
sensor data on precipitation, flooding, winds and other weather
phenomena, which is used by scientists, forecasters and
emergency responders.
Underlying the SDB is A Model for Environmental Observations
which facilitates spatial support, provenance tracking,
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namespace translation and extensibility, among others. SDB
interfaces with ODM using an Entity Data Model (EDM)
interacting with the data as objects and allowing for greater
flexibility.
Sensor Data Bus makes extensive use of advanced and emerging
features inherent to the Microsoft platform. Implementing open
standards for the .NET platform contributes to the open source
community and promotes data and service interoperability.
RENCI is providing open source license:

[4]

www.opengeospa
tial.org/standards
/orm


Web
Portal



Internet



Plug-in



.NET class library and web service implementation of the
Open Geospatial Consortium (OGC)



WaterML (WaterOneFlow) web services



SOAP and RESTful services



Data mining and analysis services for ODM repositories



Web user interfaces for ODM repositories



Sensor data management and hosting for scientific
collaborations

From website:
The OpenGIS Sensor Web Enablement Architecture Document
provides a description of the general architecture that applies to
the Sensor Web Enablement (SWE). The goal of SWE is to make
all types of components “ network-resident sensors, instruments,
imaging devices and repositories of sensor data “ discoverable,
accessible and, where applicable, controllable across scalable
networks. That is, the goal is to enable the creation of Webbased sensor networks.
Figure 12 depicts concepts of SWE networks enabled with open,
standardized Web service interfaces and data encodings.
Figure 12 shows multi-level integration to access and share
resources over common or interconnected networks. Each of
these sensor-system and processing nodes may be owned and
operated by different organizations and for different purposes
such as chemical-biological-nuclear-radiological-explosion
(CBRNE) detection, perimeter intrusion detection, environmental
monitoring, scientific research, etc.
Figure 12 also shows sensor-observation value chains as the
lifecycle of sensor-produced observations, from raw unprocessed

Guidelines for the Evaluation of UrbanFlood

UFD2.3v2.2.TNO

UrbanFlood

33

Mai 2012

data granules to information products and services delivered to
applications and consumers. Depending on the requirements,
sensor data may be delivered to the user in its most elemental
unprocessed form, processed into an observation object
complete with the metadata and processes used to estimate a
value describing a phenomenon, or processed further, for
example, into single-valued geographic feature or multi-valued
coverage representations.
OGC has implemented workflow and service chaining beginning
with the first OGC Web Services Testbed.

Figure 12: The Open Geospatial consortium uses the BPEL enterprise service
bus for application integration purposes. The access to sensors is through the
web “sensor web enablement”

[5]

www.ogcnetwork
.net/AIpilot


[6]

CIS
“aware”

www.sensordata
bus.org/Pages/Ab
outEnviroDB.aspx
EnviroDB


CIS

From website:
OGC Network™ is a window onto the dynamic, constantly
changing geospatial web as described by the OpenGIS®
Reference Model (ORM). Multiple communities of interest for
research in geospatial interoperability are supported, and
persistent demonstration capability is provided. Here you will
find the latest information on OGC-compatible software, services,
and information models (e.g. GML profiles, SLD examples, etc.).
From this site you can quickly locate OGC-compatible geospatial
web services, the latest XML schema documents, discussion
forums, conformance testing resources, and GML profile working
areas.
From website:
The wealth of data available from sensors, satellites and Internet
services has created a glut of information that is often too vast
for a researcher to adequately capture or comprehend in a
simplistic data model. Spatiotemporal connections between
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disparate data sets have increasingly become the norm in
scientific exploration, and researchers can no longer afford the
time or resources required to create these interconnections in a
project by project, ad hoc manner. Expertises ranging from
sensors in the field, to real-time data management, to the
nuances of database architecture, are required to adequately
capture and disseminate data in an efficient, meaningful way.
Building on experience learned from prior environmental data
model implementations, tooling and utilities a data model has
emerged that blends the strengths of previous endeavours with
features that had previously been absent. A data model for
environmental observations, henceforth referred to as the
Environmental Database or EnviroDB [Figure 13], has been
created to allow researchers the ability to wield a highly dynamic
data model for capturing among others, hydrologic, climatic and
geographic data as points, trajectories and grids. Yet the data
model can be interacted with arbitrarily through object relational
mapping (ORM) [5] and web services that abstract the complexity
of the database away from the end user.
Input and design requirements for EnviroDB are inspired by the
standards set forth by the Consortium of Universities for the
Advancement of Hydrologic Science, Inc. (CUAHSI) [8] and the
Open Geospatial Consortium (OGC) [9] among others

Figure 13: EnviroDB – Data model and companion tooling for environmental
observations

www.pachube.co
m


CIS
“aware”



Webpubli
shing



Service

see Section 5.3
From the website,

Pachube’s concept resembles that of YouTube. Pachube enables
people to monitor and share real time environmental data from
sensors that are connected to the internet. Pachube acts
between environments, able both to capture input data (from
remote sensors) and serve output data (to remote actuators).
Connections can be made between any two environments,
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facilitating even spontaneous or previously unplanned
connections. Apart from being used in physical environments, it
also enables people to embed this data in web-pages, in effect to
"blog" sensor data. Through the extensive use of metadata,
Pachube adds value to physical interconnectivity: it's not just
about data streams, but about the environments that make up
the data streams.
Pachube makes it simple to build applications, products and
services that bridge physical and virtual worlds. With a rapid
development cycle (it can take just one line of code to start
prototyping), and a sophisticated development path (working
with both web-protocols and data formats that are interoperable
with construction industry formats) people have used Pachube to
build sensor-logging systems, remote monitoring apps, integrate
building management systems, develop geo-tracking systems,
create mashups and networked objects and a whole host of other
things.

Figure 14 Pachube has the ambition to be the portal to exchange sensor data
and to build services for them. As Pachube offers very simple interfaces it
might compete with initiatives like GEO.
Table 9 List of reference technologies

UrbanFlood: No sensors and no telecommunications R&D

Dikes can be tremendously large constructions situated in both urban and rural areas.
UrbanFlood uses state of the art sensors tested in the IJkdijk experiments as well as in long
time dike monitoring efforts like Livedijk. As these sensors are entirely sufficient to develop
and test a quite general purpose EWS, UrbanFlood concentrates on that, seizing as much of
the opportunity provided by the FP7 program to create a consortium devoted to use high
tech information society technologies able to prevent flooding or mitigate its impact –
worldwide. Furthermore, state of the art telecommunication services as ADSL, UMTS and
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GPRS are in the urban areas of Europe sufficiently available to connect sensor networks in
dikes to the Internet. In other areas, e.g. the very North of Finland, where severe risks of
flooding exists when ice dams in rivers occur and break, new sensor telecommunication
technologies could be needed. It was judged that these issues where out of scope of a
project that developed the so much needed software technologies. Of course, UrbanFlood
experiences with sensors are fed back to their manufacturers.
Hence in UrbanFlood there are no sensor and telecommunication developments. Therefore
a state of the art and baseline description of these technologies is omitted in this document
as well in the recommendations of the evaluation of UrbanFlood.

6.3 Conclusion
Many UrbanFlood concepts are related to well-known concepts deployed elsewhere,
sometimes with different names, sometimes with different, but related implementations.
Unique to UrbanFlood is the concept of an EWS Facility that generates EWS on demand (fine
tuning required) and that obtains additional computing resources through the net – there
are no reference technologies for EWS Facilities based on cloud computing and virtualisation
technologies. Hence one can conclude that UrbanFlood is unique in the combination of
current concepts and technologies as well in the specific exploitation of cloud technologies
to create an extremely scalable, robust and easy to use environment to run general purpose
EWS.
Furthermore, although dikes are incidentally monitored, mostly as a part of an on-going
research, there is no EWS that uses input from a sensor network in a dike.
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Objectives, DoW B1.1.2

Objective 1: Identify typical capabilities,
requirements and usage scenarios of the early
warning system (EWS) from experts, authorities
and citizens. Evaluate the UrbanFlood results.

Evaluate specification and realisation of
UrbanFlood results.

Objective 2: Install, operate, and maintain sensor Evaluate the UrbanFlood technology in
networks in London, Amsterdam, St Petersburg
the field
and a field lab. Evaluate the EWS. Create Internet
based general purpose monitoring modules on
the basis of AI that will learn to detect patterns
that signal the development of potentially
harmful scenarios
Objective 3: Create specific decision support,
computational and visualisation services for
dikes. Combine this with other online public and
private information. Create data generators for
testing, mitigation planning and training
purposes. Use an online model, called Virtual
Dike, to simulate several dike breaching
scenarios to explain the sensor data and
compute the consequences of breaching. Model
the (eventual) flood spreading process as well as
a damage assessment of the affected city

Evaluate UrbanFlood decision support
system

Objective 4: Create an Internet based, common
information space (CIS) that interfaces with
GEOSS systems. The CIS interfaces, amongst
others with the sensor networks, the monitor
system computing facilities, the decision support
systems, command and control centres and
public information systems.

Evaluate UrbanFloods ability to
interwork other systems

Objective 5: Test the UrbanFlood, Internet based
EWS in the context of the existing EWS of leading
stakeholders.

Evaluate if, and if so how much, the
UrbanFlood system is perceived as
progress compared to the systems in use
at the waterboards.
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Progress beyond the state-of-the-art, DoW B1.2

Baseline

UrbanFlood Advances

Definition of criteria and
"performance/ research
indicators

ICT to combat the effects of climate change
Limited number of concepts in
which ICT is used to combat
the effects of climate change.
Most of them seem to target
energy savings and mobility.
Lack of attention of harvesting
Internet technologies and the
Internet connectivity to
enhance the power of EWS
and cooperation between
nations.

UrbanFlood’s main innovation
is the creation of an online,
scalable, general purpose
system that is able to host early
warning systems.

Objective 1: Identify typical
capabilities, requirements and
usage scenarios of the early
warning system (EWS) from
experts, authorities and
citizens. Evaluate the
UrbanFlood results.

Objective 5: Test the
UrbanFlood, Internet based
EWS in the context of the
existing EWS of leading
stakeholders.

UrbanFlood will
demonstrate the EWS at
prominent public places
M10 EWS has full
functionality
M11 First intercontinental
dike monitoring is fact, press
conference
D2.1 EWS and the mitigation
of Climate Change induced
disasters
M12 At the “Final Event” the
results of UrbanFlood are
presented
D2.2 Functionality and
architecture of internet based
EWS and EWS hosting
platforms
D2.3Guidelines for the
evaluation of UrbanFlood
D6.1 Basic remote dike
monitor
D7.8 The impact of
UrbanFlood on combating
climate change induced
disasters

Mitigate Flooding
Flood risk calculations based
on an incidental
characterization of the
geophysical properties of
dikes. The information is static
and not changed until the next
inspection

UrbanFlood will increase the
accuracy of flood risk
calculations to new
unprecedented levels.

M4 Risk models take sensor
data into account
D3.3 Experiences with online
dike monitoring systems

Models create the maps that
indicate, as a function of the
weather situation, risks.
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Flood protection is based on
physical structures (e.g. dikes)
whose expected performance
is based on gut feelings and on
model calculations. First
principles calculations (based
e.g. on microscopic models of
clay) are computationally too
intensive, whilst
phenomenological models lack
calibration. For the
overwhelming number of
dikes, financial, geospatial and
technical barriers limit their
further strengthening.
Authorities and public can see
risks on wall maps and
computer screens but rely on
unreliable visible inspection
(e.g. during storms). Being
proactive at the proper place is
difficult.
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M1 Two dikes online

Objective 2: Install, operate,
and maintain sensor networks
in London, Amsterdam, St
Petersburg and a field lab.
Evaluate the EWS. Create
Internet based general
purpose monitoring modules
on the basis of AI that will
learn to detect patterns that
signal the development of
potentially harmful scenarios

Guidelines for the Evaluation of UrbanFlood

M2 Three dikes online.
M3 The monitor system is
robust and is able to detect
anomalous conditions in dikes
D3.1 Online dikes, installation
and Artificial Intelligence
D3.2 Signal processing of
sensor networks in dikes
D7.9 Deploying Internet
services to combat climate
change induced disasters
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EWS service
The EU and INTERREG funded
project FLAPP (Flood
Awareness and Prevention
Policy in border areas)
published in 2007 an
16
overview and stated that
“Flow of data and information
between trans-boundary river
catchments are still often
obstructed as the result of noncompatible flood information
systems on either side of the
border. Moreover, even within
one country a too great
diversity of noncommunicating systems exists

UrbanFloods main innovation
is the creation of an online,
scalable, general purpose
system that is able to host
early warning systems

Objective 4: Create an Internet
based, common information
space (CIS) that interfaces
with GEOSS systems. The CIS
interfaces, amongst others
with the sensor networks, the
monitor system computing
facilities, the decision support
systems, command and
control centres and public
information systems.

M10 EWS has full
functionality
M8 The CIS has been
demonstrated to SEIS and
INSPIRE representatives
M10 EWS has full
functionality
D4.3 Experiences with an
online decision support
system for flood control
D5.5 Common Information
Space technology for Europe
7.4 Acceptance of Internet
services to combat climate
change induced disasters
D7.5 D7.8 D 7.10 Proceedings
of the First, Second and Third
International Online Early
Warning System Workshop
D7.6 Video “Internet services
to combat climate change
induced disasters”

16

www.flapp.org/upload/122/Documenten/Inventory%20of%20existing%20flood%20information%20
systems%20in%20Europe.pdf
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There are sensor systems
being developed for dikes
(especially in the IJkdijk
project) however, EWS that
connect to sensor networks
are absent.

Existing EWS do not have
inputs from in-situ sensor
networks and cannot monitor
the onset of failure
mechanisms directly.

44

Objective 3: Create specific
decision support,
computational and
visualisation services for dikes.
Combine this with other
online public and private
information. Create data
generators for testing,
mitigation planning and
training purposes. Use an
online model, called Virtual
Dike, to simulate several dike
breaching scenarios to explain
the sensor data and compute
the consequences of
breaching. Model the
(eventual) flood spreading
process as well as a damage
assessment of the affected
city

UrbanFlood will enable
decision support on the basis
of in-situ sensor data, and
scenario based calculations on
a multi-touch table to create a
multi-person situational
awareness environment.

No interworking
UrbanFloods EWS allows the
interworking of various teams
of decision takers and experts
at multiple locations.
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M5 Virtual Dike calculates
sensor responses
D4.1 The design and
prototyping of a decision
support system for flood
control
D4.2 An internet based
decision support system for
flood control
D6.2 Operational Internet DSS
viewers

D6.4 Monitoring, rich
browsers and cloud service
technologies for an online
EWS hosting platform

D6.6 Internet services for
EWS
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ICT
The constructors of shared
online facilities face the
challenge of creating a flexible,
robust and scalable system
that can integrate with
external sensor networks and
computer systems.
Such a platform for EWSs does
not exist, not in the general,
not in the case of being able to
host many EWSs, nor in the
specific case of flooding, nor in
the case of using Internet
services and common
information spaces.

UrbanFloods main innovation
is the creation of an online,
scalable, general purpose
system that is able to host
early warning systems

UrbanFlood uses application
virtualisation technologies to
create extremely scalable and
flexible online EWS
technologies able to allocate
Internet based computing
resources on demand.

M6 The CIS integrates the
(distributed) software
modules of the EWS
M8 Prototype EWS with plug
in technology working
M9 Prototype EWS with plug
in technology working
D5.1Common Information
Spaces (description of state of
the art and future
developments)
D5.2 Specification of the
architecture and interfaces of
the Common Information
Space
D5.3 Orchestrating the
information flow in a
Common Information Space
D5.4 Orchestrating
(super)computing resources
of the Common information
space
D6.3 Plug in technology to
wrap EWS components into
containers that can be
handled by the CIS

UrbanFlood will create AI
technologies that are capable
of monitoring the large
amount of sensor data from
dikes.
The usage of the online
facilities of others was
pioneered in the exact
sciences. The European IST
17
project Virolab , for instance,
18
created the “GridSpace
virtual laboratory (VL)”, a set
of integrated components that,
used together, form a
distributed and collaborative
space for science.

17

UrbanFloods EWS platform
will use commercial and
academic computer resources
through the Internet.

M3 The monitor system is
robust and is able to detect
anomalous conditions in dikes

M7 The CIS manages (online)
computing resources
D6.5 Running multiple EWS
on distributed clouds

www.virolab.org, EU IST STREP Project027446

18

Grid Space demo homepage: http://gs.cyfronet.pl
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Indicators of success per task.

Review 1 and 2 commented that the success indicators for a task where not pertinent and
requested improvements. In the table below, a success indicator is mostly an accepted
deliverable and milestone reached. UrbanFlood then must provide information “evidence”
with which a deliverable or milestone can be validated. This information in specified in
Annex 4
Task

Task description/Criteria

Indicator
(A=”acceptance”)

2.1

Describe the state of the art

A D2.1

2.2

Describe demand for online EWS and smart dikes

A D2.1
Installation of Advisory
board.

2.3

Describe EWS requirements

A D2.2

2.4

Determine evaluation criteria for impact analysis

A D2.3

3.1

Design the sensor networks

A D3.1a

3.2

Build and operate the sensor networks

A D3.1a

3.3

Develop monitoring system

A D3.1b

3.4

Signal processing and interpretation AI capable of detecting
anomalous dike conditions

A D3.2 D3.3

Adapt models to sensor data and the EWS

A D4.2 D4.3

4.1

A MS1 MS2 MS3
A MS4

4.2

Develop Virtual Dike model

A D4.2 D4.3
A MS5

4.3

Develop visualization software

A D4.2 D4.3

4.4

Develop decision support system

A D4.1 D4.2 D4.3
A MS5

5.1

Develop the execution framework

A D5.1 to D5.5 D6.3
A MS6 MS7 MS8

5.2

Develop the event infrastructure

A D5.1 to D5.5

5.3

Develop the provenance logging service

A D5.1 to D5.5

5.4

Develop the CIS user and developer GUIs

A D5.1 to D5.5

6.1

Develop basic signal monitor system

A D6.1

6.2

Research and develop plug-in technology

A D6.3, D6.4

6.3

Design EWS hosting platform

A D.3, D6.4, D6.5

6.4

Create the EWS hosting platform

A D6.5

6.5

Develop Internet DSS

A D6.2 D6.6
A MS9 MS10
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Dissemination activities

Mai 2012
A D7.1 to D7.9
A MS11 MS12

7.2

Exploitation activities

A D7.3 D7.4

7.3

Usability evaluation

A D 7.3 D7.9

7.4

Advisory Board activities

A D7.9

7.5

Participate in IJkdijk experiment

A MS3

7.6

Standardization activities

A MS8

7.7

Impact analysis UrbanFlood successful evaluated

A MS10 MS12
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Validation of deliverables

The evaluation of tasks is related to the acceptance of deliverables and milestones.
Deliverables and milestones are the concrete output and results of one or more tasks.
Furthermore, the reviewers repeatedly asked for “evidence”, information with which they
can evaluate if claims made in deliverables, and, indeed, the promises made in the
description of work are appropriate. This has taken a while to grasp. The reviewers referred
to a standard set of evaluation criteria like19, which we adapted to the UrbanFlood context.
A table containing evidence related to the claims in the deliverable and mile stone will be
part of every deliverable of Y3. The format of the table is presented in ,
Table 10 Format of evaluation criteria and a description of evidence for deliverables and milestones.

Evaluation criteria

Evidence

Relevance

showing the extent to which the deliverable contributes to the
UrbanFlood goal

Efficiency

showing the amount of MM and resources spent in relation to
the planned results.

Effectiveness

showing the extent to which the objectives were achieved, or are
expected to be achieved, and related to the WP task list,
deliverable and milestone list

Impacts

being a qualified description in how far the deliverable
progresses the UrbanFlood project to its goal.

Sustainability

being a list of efforts for the continuation of the results described
in the deliverable in the forthcoming years, after the UrbanFlood
task is completed.

Coherence

description of the relevance of the deliverable for external
stakeholders mentioned in Table 1

Quality

where appropriate a list of descriptions, performance tests,
requirement checks, interworking tests, model cross validations,
publications, interviews, expert opinions, interviews,
experimental outcomes

19

http://web.undp.org/evaluation/handbook/ch7-4.html
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Expected European Impact

The expectations of the impact of UrbanFlood are defined in the FP7 EC work program, call
6.4 “Objective ICT-2009.6.4 ICT for Environmental Services and Climate Change
Adaptation”. That description is reprinted below, where evaluations are numbered.
Deliverable D7.9, lists and provides proofs of these evaluations.
Table 11 A description how UrbanFlood achieves European Impact

Expected impact

UrbanFlood contribution

Contribution to a Single
Information Space in Europe
for the Environment (SISE)20
in which environmental
actors, service providers and
citizens can collaborate
through improved systems
connectivity and semantic
interoperability. At the same
time, contribution to the
development of the Shared
Environmental Information
System21 (SEIS) and support
to the implementation of the
INSPIRE Directive22.

UrbanFlood creates

Reinforced European
leadership in ICT solutions for
interacting environmental
service nodes on the Web,
and resulting new market
perspectives for
environmental and crisis
management services.

UrbanFlood creates an online hosting environment for
EWSs taking full profit from contemporary Web
developments,

1. a hosting platform for EWSs.
A major component of every hosted EWS is
2. a Common Information Space (CIS) (created by
WP5) that
3. has the ability to interface with other CISs.
4. The technology is open source
5. and WP 5 contributes this to the implementation
of the Inspire directive.

6. like service oriented architectures,
7. cloud computing,
8. and above all, Internet proliferation.
Hosted EWSs connect to in situ sensor networks where
ever they are

20

http://cordis.europa.eu/fp7/ict/sustainable-growth/workshops_en.html

21

(COM (2008) 46 final), http://ec.europa.eu/environment/seis/index.htm

22

DIRECTIVE 2007/2/EC, http://inspire.jrc.ec.europa.eu/

Guidelines for the Evaluation of UrbanFlood

UFD2.3v2.2.TNO

UrbanFlood

50

9.

Mai 2012

in Europe, or,

10. indeed in the world.
11. The setup time of a new EWS is short once a EWS
for a given type of hazard is populated on the
platform. (for anomaly detection, 10% of the time
to prepare, install and connect the in situ sensorsystems. Virtual dike calculations are limited by
the number of experts and can be made only for a
limited amount of segments, once anomalies are
detected and within a couple of days (before
failure))
UrbanFlood starts with EWSs for flooding; this means that
companies who sell dike monitoring systems
12. can deliver EWS services with a minimum
additional effort.
UrbanFloods EWS technologies take care of
interoperability issues and the SISE as well. Hence,
UrbanFlood contributes
13. to the creation of a world wide market for
European Companies for dike monitoring and
flood protection
and to the formation of a
14. Shared Environmental Information System.
Reinforced role of ICT in
establishing sustainable
cities, leading to higher
environmental performance
in urban areas and better
living environments for
Europe's citizens.

Dikes that protect cities against flooding are usually to
weak, not to low. Dikes are in many cases enormous
infrastructures. For the defence of a single city of 1 Million
inhabitant 200kms or more are needed – and one weak
spot means a disaster. Through in situ sensor networks,
artificial intelligence and super computers
15. these weak spots can be traced down
as experiments at the IJkdijk field lab have shown.

Strengthened European
capacity to mitigate impacts
of urban disasters, to save
lives and to protect critical
urban infrastructures.

The hosting environment accelerates the development of
early warning systems for all types of hazard, and for
flooding in particular. The UrbanFlood hosting
environment offers
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16. economies of scale and scope.
In the case of flooding UrbanFlood accelerates the usage of
dike monitor systems. With these in place, authorities,
citizens and owners of infrastructures are
17. notified up to two days in advance
(IJkdijk results) of potential weak spots in dikes.
Stronger position of Europe
with respect to the
implementation of
international environmental
commitments.

The EWS hosting platform
18. can be used to monitor the environment for all
kinds of changes.
19. New monitoring activities can be implemented
with a minimum of time.
The connection to the Internet and its ability to deploy in
situ sensor networks allows to monitor everywhere in the
world. Even better,
20. it would allow Europe to offer specific countries to
monitor the environment.
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List of specifications

List of specifications
This list of specifications below is taken from Annex 1 of the UrbanFlood report
“Functionality & Architecture of Internet Based EWS and EWS Hosting Platforms” (D2.2). The
column marked “Page” refers to the page in this report where the indicated issue is
discussed in detail.
No

Specification

Page

1

By using modern sensor and internet technologies, the UrbanFlood EWS must allow the estimation of dike
reliability and hence flood risk to be much more accurate and timely.

6

2

UrbanFlood exploits the internet and internet based services to create a powerful yet cost effective EWS.

6

3

The sensors and the Urbanflood EWS must be able to detect a selection of major failure mechanisms of dikes.
The EWS must be extensible to detect others.

6

4

The EWS should provide a number of functional modes such as routine asset management, event simulation
and event management capabilities to assist stakeholders in routine working, event planning and event
management.

6

5

An EWS should provide the capacity for automated, round the clock, electronic enhancement of dike inspection
processes. (In a most basic form this information will indicate dikes requiring maintenance.)

7

6

The design of an EWS must be such that for every stakeholder the added value has the same relationship to the
investment in the EWS.

9

7

The UrbanFlood EWS should offer stakeholders straightforward economies of scale and scope.

10

8

The EWS should be developed such that it can be offered as a service, and specialized service providers may
exploit it as an online service.

11

9

The EWS platform should be operated as a shared service.

12

10

Multiple EWS share the same resources.

12

11

Resources to support EWS operations at peak times should be obtained, via the internet, from cloud computing
service providers.

12

12

The EWS should maximize its market by providing an internet based service.

12

13

An EWS should be constructed in such way that several suppliers can deliver, in competition, parts of an EWS.

12

14

The EWS should provide information on the actual condition of the dikes

13

15

The EWS should provide information on the risk related to breaching, inundation scenarios and should support
the development of evacuation plans.

13

16

An EWS platform should be open source.

13

17

Specialized manufacturers should be able to produce specific modules (plug ins) of the EWS, whist the EWS
platform protects the investments made by the manufacturers and buyers of the EWS.

14

18

The platform should take care that plug-ins, that are not open source, should be replaceable with other plug-ins
that have more or less the same functionality.

14

19

An EWS should be able to translate sensor data to information that can be used in the maintenance of dikes

16

20

Sensor data, and information that is derived from it, must be protected in order to prevent manipulation.

16

21

Data of EWS should be available for the scientific community in order to improve the knowledge of dikes and
that of the performance of EWS itself.

17

22

An EWS must have the built-in property to accommodate changing technologies and requirements.

17

23

Sensor systems use the internet to communicate data.

20

24

The internet is the main medium through which the EWS interacts with the authorities and the public.

20

25

Multiple EWSs can run in parallel, allowing multiple objects to be monitored, or, as important, old and new
versions of the EWS to coexist.

20

26

The EWS has a modular architecture that enables plug-ins as the CIS (common information space) and ones for
artificial intelligence, decision support, scenario computations and visualization.

20
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No

Specification

Page

27

A single CIS technology should be used multiple times to implement all EWS functions and services, including
the allocation of hardware resources, and the support of CIS services in the same manner as adopted by GEOSS
and INSPIRE, as well as the management of EWSs.

21

28

A complete EWS should be managed in a similar manner to a single plug-in (!), allowing the CIS technology also
to manage complete EWSs.

22

29

The CIS should manage the communication channels between the sensors and the EWS, e.g. to facilitate the
process of adding new sensors.

22

30

Metadata should be available through the CIS / EWS services to ensure a proper interpretation of the data

22

31

Enable other parties to locate the necessary entry points to the EWS to request the data.

22

32

The data will be visualised for these authorities using the decision support tool included in the EWS. The
decision support tool is an inter-active tool running on a Multi-Touch table.

23

33

Various versions of the EWS should be able to run in parallel allowing a smooth software upgrade strategy.

23

34

Multiple EWS should be able to monitor the same data, facilitating second opinions in the decision taking
processes.

23

35

An EWS must be created through an installer program (not by populating computer systems manually with
software). This kick starts, technically and financially, the development of an EWS for the monitoring of another
dike system or even a completely different environmental issue.

23

36

An dedicated EWS must be created to (self) monitoring the UrbanFlood EWS, that is potentially running on
several places on the internet, to create a robust EWS platform.

23

37

The CIS technology should facilitate the integration of other EWSs running on the same platform. This benefits,
for instance, the modularity of complex EWSs as well as collaborations between several authorities each having
a (part of) an EWS.

23

38

Most, if not all software should run in a virtual computer / machine.

24

39

Virtual computers are organized with the UrbanFlood EWS framework software in a cloud.

24

40

The CIS should manage the hardware resources needed by other plug-ins, resources are also obtained through
the internet, distributing the EWS platform over multiple locations.

24

41

CIS management technology only addresses rather abstract key performance parameters such as CPU time,
storage capacity, memory in use and communication bandwidth. The management technology is otherwise
unaware of what the components are doing. This should be the basis of the general purpose EWS hosting
platform.

25

42

The EWS should deploy state of the art mechanisms for robust and secure operations.

25

43

The system should monitor itself, the internet and sensor connections, and resource usage to warn and take
real time counter measures for any technical failures and to acquire statistics about the availability of all
components.

25

44

Performance parameters of the EWS should be available for the EWS stakeholders.

25

45

Common design patters in securing and hardening enterprise service bus implementations can be and should
be deployed.

25

46

The origin of data and services should be traceable and logged.

26

47

The plug-in and cloud services technology developed, should guard the IPR (and other commercial) issues of
their owners.

26

48

The EWS, and especially the CIS, will contain a web server and webservices technology that can support
scientific and educational applications.

26

49

A single EWS must have enough observation capacity and must have sufficient qualities in terms of cost,
maintainability en open-endedness

Table 12: List of specifications for an online UrbanFlood AMS/EWS
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