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ABSTRACT: A review of the current emergency response strategies at European level was carried out
from the key conclusions and recommendations identified within past experiences of developed platform
for civil protection and emergency management. The review is focused on the recent research initiatives
funded by the European Community about methods and techniques for emergency response in case of
flooding and debris flow risks, mainly. The ultimate aim is to reduce the fragmentation of the research on
hydro-meteorological hazards so to possibly identify a best practice on disaster risk management. This
paper is organized as follows, first a brief overview on emergency response strategies is presented along
with an analysis of the challenges that arisen while implementing the following tools: geo-information
and remote sensing, emergency plans, early warning and decision support systems. Then, conclusions
have been drawn.

1 INTRODUCTION At the FEuropean Ilevel, the tasks and
responsibilities of the institutions or agencies
Typically, emergency management is coordinated  involved vary according to the decentralization of
by one or more local authorities with the first  disaster risk reduction functions. Nevertheless, the
aim of safeguarding people and assets exposed to  fundamental modes of action outlined for emer-
particular threatens derived by natural or human-  gency management comprise the following steps
caused disasters (referred as civil protection activi-  according to Frigerio et al. (subm): i) prevent-
ties, hereafter). In the places at risk of hazards, ing risks and damages to people, properties and
emergency strategies are managed as protocols in  infrastructure; ii) increasing the degree of prepar-
contingency or emergency plans, which are often  edness of people; iii) improving techniques and
compulsory by law and with different set-up foreach ~ methods of response to emergency; iv) enhancing
country’s policy. However, the significant increase  public information, education and awareness; and
in the number, scope and complexity of disasters  v) granting the recovery phase.
suggests that the role and interaction between insti- This paper focuses on the last decade European
tutions, communities and individuals was not suf-  initiatives that aim at improving the emergency
ficiently taken into account in state regulations  response methods and techniques, in doing this
(Piatyszek & Karagiannis 2012; Alexander 2005). In ~ accounting their applicability for different spatial
response, new legislation is devoting great attention ~ and temporal scales of the whole emergency cycle
on the process of modernization of civil protection  has taking into account. Although there are many
approach for emergency preparedness and response  scientific projects funded by the European Union
with direct involvement of the interested parties.  on early warning and risk reduction strategies for
Some examples at the Western European level are  hydro-meteorological hazards, such as FloodSite,
in Germany the Committee for Disaster Reduction =~ HYDRATE, MOUNTAIN RISKS, Monitor II,
(DKKYV 2007), in Italy the decentralization of Civil =~ CapHaz-Net, among others, here special atten-
Protection (Decree 112/1998) and the National tion is devoted to hazard due to floods and related
Early Warning System (DPCM 27/02/2004), in The ~ processes such as debris flows.
Netherlands “Room for the River programme” and The starting point for this review was a com-
in United Kingdom (UK) the Civil Contingencies  mon platform which was designed and applied at
Act of 2004 (UK Cabinet Office 2004). This occurs  basin-local level in the Consortium of Mountain
under the UN Hyogo Framework (UN 2005) and  Municipalities of Valtellina di Tirano, (Lombardia
the European Directive 2007/60/EC. region, Italy) that soon will be transferred to the
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Barcelonnette Basin, in the Ubaye valley (French
South Alps). The platform has been developed
by the CNR—IDPA, CNRS and University of
Strasbourg, and the ONF-RTM Service of Barcel-
onnette, jointly; the final users of this platform are
mainly targeted to local professional organizations
(who form disaster management teams). The emer-
gency operations were designed on already pre-
pared scenarios with tools for outlining, analyzing
and integrating in advance the derived scenarios
of hydro-meteorological hazards and the informa-
tion from the available resources and structures for
emergencies.

The system relies on the sequence of actions as
defined from the laws in force, which are collected
in a relational database system that uses mapping
tools, object oriented interactions and communi-
cation system to share information and to control
the flow of actions, object relations and contact
management of people operating in the field
(Sterlacchini et al. 2011). With that experience as
a reference, this paper presents first a brief over-
view on emergency management, then presents the
research agenda that was put forward on the tools
considered for the reviewed response strategies,
with references to some implemented examples for
floods and debris flows risks.

2 EMERGENCY MANAGEMENT

The term “emergency management” means the
coordinated activities both to prevent disaster ha-
ppening and to face them when the event takes
place (Zerger & Smith 2003), understanding disas-
ter as a “serious disruption on the functioning of a
community causing widespread losses and impacts
which exceed the ability of the affected community
to cope by using its own resources” (UNISDR
2009). Consequently, emergency is “an exceptional
event that exceeds the capacity of normal resources
and organization to cope with it” (Alexander 2002),
whose authorities generally manage by preventive
measures implemented according to the event
management phase: first planning, throughout the
assessment of relevant hazards and vulnerabilities,
considering their dynamics and variability; then
with mitigation activities that aim to reduce the
effects of unavoidable disasters. Preparedness,
where possible event scenarios and plans are devel-
oped, enhances disaster response operations and
public awareness; response activities controls, pro-
vides assistance and keeps update the development
of the event scenario. Finally, recovery phase com-
prises both short term activities that aim to recover
the minimum operating standards and long term
activities (reconstruction) to return or improve the
living conditions. All together form a cycle that
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starts every time the analysis of the emergency
cause takes place. (Leitinger 2004).

2.1

Basically, the emergency management is prescribed
on a system that brings together various compo-
nents from the cycle described before into a modu-
lar interaction that depicts how societies respond
to disasters. (Cutter 2003). Indeed, the emergency
systems can also integrate the early warning con-
cept, understood as “the provision of timely and
effective information, through identified institu-
tions that allow individuals exposed to hazard to
take action to avoid or reduce their risk and pre-
pare for effective response” (UNISDR 2009). This
case is commonly known under the conception
of Early Warning Systems (EWS). However, the
modules integrated and activities carried out rely
on the level of involvement of the regional and
local authorities, which responsibilities and inter-
actions are legally framed and vary from country
to country at the European level (Gaetani et al.
2008). Table 1 presents an overview of the overall
modules.

System of sub-systems

Table 1. System of sub-systems for emergency
management.
Sub-system Activities involved

Monitoring activities based on
availability and mechanisms
for real-time acquisition,
transmission and validation of
data.

Use of technical predictions of
threats and triggering factors as
well as the time of occurrence.

Using information to decide
about the need of warning.

Generally risk scenario-based
for the assessment of potential
consequences, including
consideration of the vulnerable
elements most likely to be
affected.

Knowledge, resources and
preparedness to act.

Dissemination of clear and
understandable warnings
using multiple communication
channels to reach those at risk.
Although communication role
is implicit for the coordinated
interaction between all
sub-systems.

Monitoring and
forecasting:
(Survei—llance
loop)

Prevention

Emergency
response
Communication

Based on Piatyszek & Karagiannis 2012; Alexander
2002.



In civil protection systems three different
levels of decision tasks are identified as detec-
tion, evaluation and execution that generally
correspond to the monitoring and forecasting,
prevention, and emergency response sub-systems,
respectively (Mueller et al. 2007). Moreover,
Creutin et al. (2009) distinct the type of response
activities according to their main objective (infor-
mation, organization and protection) and the type
of actors involved (individuals, communities and
institutions), which combination characterize the
response activities. Commonly, in operational fore-
casting systems the decision to warn authorities is
taken by the forecasters using the gui-dance from
the operational forecasting subsystem (i.e. before a
critical level of some quantity needed for a proc-
ess to take place is exceeded), (Verkade & Werner
2011). Whereas prevention and response are man-
aged by civil protection authorities on alarm-based
for on-going processes of events (Halonen et al.
2006). The independent distribution of roles has
made the emergency management components
continuously presented as isolated sub-systems in
a linear systematic function in which interrelation-
ships between them require further consideration
as proposed by Garcia & Fearnley (2012).

2.2 Operational staff of the emergency
management

Civil protection organizations work collaboratively
in emergency scenarios, where local and central
coordination of teams belongs to different organi-
zations such as government agencies, local admin-
istrations, non-governmental and volunteer forces.
Despite the variety of actors, there are generally
two typologies of users: back-end and front-end
users. Front-end users are all the operators acting
directly on the field during emergencies. Back-
end users are all the operators who manage the
situation from control rooms, by providing goals/
instructions/information to front-end operators
(de Leoni et al. 2007).

In this context, disasters due to hydro-meteor-
ological hazards not only occur when the hazard
forecasted or not does not allow to take preven-
tive measures. Or when people as individuals have
limited ability and/or behavior to prepare for
and to respond to an emergency, as described by
Molinari & Handmer (2011). But also when com-
munication between response agencies fails or
lacks of coordination (De Marchi et al. 2007).
Then, the initial responders or coordinators are
unable to communicate with their control rooms
and usually mobile, radio and internet commu-
nications might not operate at the incident loca-
tion (Comfort & Kapucu 2006). This highlights
that operations of the emergency management are
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not just about warning people as individuals but
also about providing information for agencies and
institutions starting at early stages on a precau-
tionary basis. Therefore, coordinators can activate
emergency protocols in advance; initiating from
the monitoring and forecasting subsystem and not
only reacting by mobilizing the necessary resources
later in the event (DEFRA 2009).

Finally, it is widely recognized the importance
of community-based knowledge and the need for
their involvement specially when managing local-
ized hazards with limited response times. This
approach is commonly used for the implementa-
tion of People-Centered Early Warning Systems
as described by Garcia (2011). Indeed, considering
that communities are the direct affected, commu-
nity-based organizations are the first on respond
and local management leads to securing local
support and ownership. However, while acknowl-
edging its importance, the involvement of more
stakeholders will not automatically translate into
a more efficient system (DEFRA 2009); the roles,
needs and values of the involved must be clearly
defined (Garcia & Ferney 2012). This is still an
open research field where different participation
efforts need to be done at different disaster risk
management stages, even on the recovery phase
(Scolobig et al. 2008).

3 RESPONSE MANAGEMENT
STRATEGIES

A proactive emergency response requires the rapid
search, exchange and absorption of valid infor-
mation regarding sudden and damaging events as
transmitted throughout a network of actors for
civil protection (Comfort & Kapucu 2006). This
flow of information relies on early warning strat-
egies and emergency plans with permanent good
communication among risk actors. The former one
is aimed at early stage preventive actions, such as
early warning messages or early water system con-
trols, to reduce vulnerability and/or consequences,
respectively. The second (latter) one is typically
aimed at the short term coordination between
different levels of actors. In any case, their role
and feasibility within the whole emergency cycle
are strongly linked with planning and prepared-
ness phases, as long as their integration facilitate
a quick response to potential emergencies. In the
European context the following tools outline the
strategies for emergency response.

3.1

Due to the increasing access of information from
natural hazards such as literature, maps, remote

Geo-information and remote sensing



sensing technologies and data implementation from
the field; it is a priority the use of standardized
relational database structures to support decision-
making processes. National and regional initiatives
on spatial data infrastructure SDIs have most often
been initiated at central or federal government lev-
els. These decentralized efforts have raised the need
of their interoperability and standardization which
have been the focus of several initiatives at suprana-
tional level, among which the European INSPIRE
directive, and the Open Geospatial Consortium.
As example, Giardino et al. (2012) proposes a mul-
ti-scale method to provide this required support.
The method starts by correlating the rules and pro-
cedures to store, manage and exchange all relevant
information derived from the features included in
the database at the specific level of implementation
(local, regional, national and global). The method-
ology also considers the use of digital pictures and
maps from different sources (i.e. remote sensing)
with dedicated forms for data collection and repre-
sentation possible to display on a palm/pocket PC
as a field mapping tool.

Another reference, is WORKPAD project (Cat-
arci et al. 2010; Humayoun et al. 2009) that devel-
oped a two-level architecture (back-end users and
front-end users) applying an user-centered soft-
ware development process. The method accounts
a continuous interaction with end-users through
questionnaires and interviews, where each evalu-
ation step enabled an improvement of the proto-
type from online pre-tests, controlled experiments,
cooperative evaluation, text with external users and
showcases. The overall process was applied on the
context of Regional Civil Protection of Calabria
(Italy) up to the generalization of the user require-
ments that comprise:

Information Communication Media Technol-
ogy support for back and front-end teams:
automation and interoperability in exchange
of data and information among possible back-
end information systems.

Reliable communications: need for redundancy
in strategies and transference media.

Smart hand-held devices for front-end teams.
not distractive smart devices to front-end
operators, working also in disconnected mode
with options to synchronize with the back-end
teams at the time required.

Access and collection of geo-information about
the affected area: alternative data models are
based on landmarks combined with selected
context needed for the specific use case.

1.

ii.

iii.

iv.

Finally, the use of geo-information alternative
to the official one is also a source of data, as the
one collected by the crowed-sourcing information
systems developed in the last decade (Google maps,
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OpenStreetMap, Wikimapia, Ushahidi and web
2.0). Every human is a potential intelligent sen-
sor if is simply equipped with a GPS or even by
having the means of taking or report observations
(Goodchild 2007). Challenges are posed on the need
to integrate this new flow of information, known
as Volunteer Geographic Information (VGI), into
the SDI to validate and standardize procedures, to
make use of this “new data” and to consider them
as complementary source of information for scien-
tific knowledge.

3.2  Emergency Plans (EP)

The development of EP is an integral part of the
emergency management effort. It defines the roles
and responsibilities of the organizations and indi-
viduals based on the available resources for each
activity. Generally they should cover all potential
hazards but some plans are more hazard specific
(Alexander 2005). According to Miki (2011),
emergency guidelines develop under categories,
such as collection and communication of infor-
mation, support for people who need assistance
and improved awareness of disaster prevention.
Piatyszek & Karagiannis (2012) and Karagiannis
et al. (2010) proposed a system based approach
for the systematic and industrial analysis of EPs.
This by looking at each task based on the input
and produced outputs, controls, mechanisms and
actors. Steps forward look at the consideration of
time in the sequence of operations and the quanti-
fication of the analysis outputs.

Evacuation and rescue can be important in the
context of all hydro-meteorological hazards, the
general problem is the limited time to complete
them. Therefore as Mens et al. (2008) suggests, an
important issue for both evacuation and rescue
actions is the availability of the transport in which
traffic management forms an important part of
the decision support especially for planning mass
evacuation in urban areas. Additionally, protection
may be based on confinement in buildings, depar-
ture from the zones at risk or a combination of the
two. The plan of action and consequently the deci-
sion support differs from the available time and
type of hazard. For lowland river floods the prob-
lems involve the operation of water controls and
the evacuation of people from areas at risk, whilst
in sloping areas focus is on the regular monitoring
of hazard locations and on forecast which parts of
the road network would become affected.

In this regard, FloodSite project compared dif-
ferent models that could be generally classified in
traffic models, evacuation behavior models and
time/critical path, whose advantages vary accord-
ing to the scale of application (van der Vat et al.
2007). Another example is the European project



THESEUS in which the design of an evacuation
plan process was based on semi-formal language
and its diagrams, known as actigrams. These meth-
ods consider the design parameters based on the
constraints and levels of action according to their
control by crisis managers and the action plans
based on the methodology defined in OSIRIS
project (Morel et al. 2011).

3.3 Early warning systems

Prevention activities can comprise either structural
or non-structural actions. Actions which aim is to
reduce the event occurrence probability or decrease
its impact. On the other side, non-structural actions
such as EWS are considered to gain time on the
response phase by including detection, forecasting
and warning to mitigate event consequences.

In this case the maximum potential warning
time starts when a trigger is detected/forecasted,
the lead time accounts from the moment the threat
is recognized and mitigation time is considered
while actions are taken to mitigate the event dam-
age (properties damage, injuries occurred or lives
lost) (Carsell et al. 2004). At the level of opera-
tional forecasting, Werner et al. (2005) make a dif-
ference between warnings with target to the public
and the warnings target to the operational staff of
the established sub—system, known as “pre-warn-
ings”. Distinction that is still valid for the emer-
gency response sub-system.

However, if only considering the uncertainty
involved in the pre-warning decision, the uncer-
tainty involved may lead to the following instances:
false warning, missed event, forecasting event and a
situation of calm. In this context, scientific research
has tried to estimate and communicate uncertain-
ties involved in the forecasting, as categorized by
Todini (2004) in three: i) measurement uncertainty,
mainly regarding the sparseness or lack of meas-
urements stations and the need to interpolate these
measures;ii) meteorological forecasting uncertainty,
which relates to the possibility of extending the
forecasting horizon beyond the response time and
iil) model uncertainty, which relates to the nature
and the reliability of the different models used to
transform the measurements into forecasts.

On the other hand, in order to understand bet-
ter EWS efforts are also focused on expressing their
benefits as compared to the cost—benefit analysis
that structural measures could provide (Verkade &
Werner 2011). Challenges are posed for the esti-
mation of damage and the characterization of
the elements at risk. This due to the limited tools
and standarised procedures for data collection and
assessment; as well as the different components of
the vulnerability involved, at least physical, social,
institutional and economical (Molinari 2011).
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At the European level, the European Flood Alert
System (EFAS) is an initiative that operates in the
Danube river since 2005 and proposed a way for
a correct interpretation of the forecasted situation
by users from different hydrological operational
forecasting centers and forecasters. EFAS flood
forecasts are based on two deterministic weather
forecasts and one ensemble prediction system.
Pre-warnings are issued to forecasters 3—10 days in
advance, so they can analyze different scenarios for
location and severity of a flood event before decid-
ing on issuing warnings. Sequential and simplified
temporal diagrams are combined with visualiza-
tion in a box-counting approach with the history
of forecasted threshold exceedance. This approach
was found as major step forward to evaluate the
persistence of the forecasted signal, meanwhile it
also improves the understanding and overview of
the situation (Ramos & Thielen 2007).

Finally, as an attempt to look at the overall early
warning system and not only at the quality of its
individual components (Basher 2006), community-
based early warning systems are taking increasing
relevance. Particularly in Western Europe, more
attention is now on questions related to risk assess-
ment and emergency planning by including social
aspects like people awareness, community engage-
ment, knowledge sharing, communication and
trust. This strategy is broadly used in developing
countries due to the opportunities to overcome the
technical constraints of the surveillance loop while
enhance mechanisms for self-warning and volun-
tary evacuation (Garcia et al. 2011).

3.4 Decision Support Systems (DSS)

Decision support systems are widely recognized
as a computer-based system developed to sup-
port users on decision-making process. So far a
DSS implies both functionalities of Information
Systems and of Management Systems. Due to the
wide number and diversity of risk communication
practices as the ones inventoried by (Hoppner et al.
2010) within CapHazNet project. Information sys-
tems are generally used for risk communication on
assessment of risks, preparation and implemen-
tation of hazard maps, warning dissemination,
as well as communication practices for several
purposes and functions such as: risk awareness,
preparedness activities and exchange knowledge.
Whereas management systems are more specific
application, target to decision-makers or authori-
ties responsible for management and they also pro-
vide aim of solving tasks.

In the emergency situations at the institutional
level context, the decision refers to the problem
that civil protection authorities phases at coor-
dinating activities in case of the occurrence of



hydrometerological hazards. The system aspect
implies the information and applications of knowl-
edge, in the form of models, that need to be con-
sider from the different sub-systems for risk and
emergency management. And support implies
the use of computer and software technologies
to present on well-structured way the information
required by emergency managers.

Therefore, one or many of the tools discussed in
the previous sections can be supported by a DSS.
In case of hydro-meteorological hazards they are
typically customized to suit the human context
and the hazard requirements. However, the need
for open-model approach, user-center design and
generalization of requirements is better recognized
on the search for flexibility and adaptability of the
system (Werner et al. 2006). Challenges for imple-
mentation are posed in rapid onset hazards and
considerations for multiple interaction of hazards.

For emergency management, a common practice
is the implementation centered on the monitoring
and forecasting sub-system due to the very techni-
cal and specialized models involved. This in order
to provide support to the decision about the actions
that can be taken before an emergency. According
to van der Vat (2007), the main challenges remain
on the definition of risk and consequently the deci-
sion style which slightly differs from the common
approach for risk management on a planning phase.
This considering that, due to the high probability
of the event, risk is defined in terms of its conse-
quences for different event scenarios. Therefore,
event management not only relies in spatial multi-
criteria analysis but also on the sequential activi-
ties at different emergency level, leading to many
options according to the available time.

The variety of DSS in operation or proposed in
the literature is large and the structure of the sys-
tem in adjacent regions or countries may be very
different. This paper highlights some examples
throughout their particular approach for floods
and debris flows as described in the next sections.

4 HYDROMETEOROLOGICAL HAZARDS

In principle, emergency management implies an
approach that addresses all relevant hazards in
an integrated fashion, and not as separate uncon-
nected systems (Basher 2006). However, the man-
agement of a crisis begins with its recognition,
which typically involves technical monitoring for
specific triggers that are likely to precipitate a dis-
aster (Bacon et al. 2007). Therefore, the capacity for
crisis identification relies not only on the physical
processes and contexts in which it occurs but also
on the monitoring, instrumentation, data collec-
tion, and data processing (Gladwin et al. 2007),
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whose improvements from advances in theories
and models to predict, detect and forecasting vary
for different hydro-meteorological hazards.

In this context, such a ‘multi-hazard’ or ‘all-haz-
ard’ approach is intended to be applied first at the
level of centralized data gathering and processing,
with as well as in public risk awareness and dis-
aster preparedness efforts. Despite this approach,
the practical implementations that facilitate shar-
ing and exchange of data are generally constrained
by the ways in which “local agencies and services
operate and show how they diminish the overall
capacity of a specific system to deal effectively with
disasters and emergencies” (De Marchi & Scolobig
2011). Example of this institutional and politi-
cally supported cooperation is the joint project to
launch the so-called Common Information Plat-
form for Natural Hazards GIN (“Gemeinsame
Informationsplattform Naturgefahren™). The plat-
form is restricted to federal, cantonal or municipal
intervention forces who are differentially familiar
with GIS and web services. GIN is looking towards
standardized warnings and the provision of joint
bulletins in critical multi-causal events. Currently
data are delivered by the three official warning
centres with positive end-user’s feedback on the
visualisation of relevant data in real time (monitor
parameters and bulletins), (Heil et al. 2010).

However this ‘common language’ for ‘all-hazards’
is not only applied to dissemination of warnings but
also to the documentation of disasters in the response
and recovery phase, which timely exchange between
several authorities could potentially improve the
emergency management (i.e. cross agency portals).
Such initiatives comprise the systematic collec-
tion of field data, review of existing catalogues of
historical landslide and flood events as additional
inputs for the risk analysis (Hiibl et al. 2006). In
Europe, due to the threaten of multiple hydro mete-
orological hazards, these practices are highlighted
throughout coastal zones, mountainous regions,
and volcano vicinities within projects such as the
PREVIEW Global Risk Data Platform (Giuliani &
Peduzzi 2011), and at national level the SICI Project
(Guzzetti & Tonelli 2004) and the Swiss flood and
landslide damage database (Hilker et al. 2009).

Despite the hazard approach, each hydro-
meteorological hazard exhibits different character-
istics such as time of onset, duration, extent and the
resulting impact on humans and elements at risk.
This constitutes essential information to set pri-
orities for emergency management. Additionally,
relevant distinction is made in between stepwise-
onset hazards and sudden-onset hazards as lead
time is a crucial point on this regard (Monitor IT
2010). The first one allows longer forwarning times
in the hazard management cycle, whereas on the
second on extreme meteorological conditions can



trigger rapid-onset processes evolving even in a
multi-hazard scenario (Kappes et al. 2012). Here
only focused on floods and debris the following
initiatives are highlighted.

4.1 Floods

According to Todini (2004), flood emergency
management on large rivers has been traditionally
approached as follows: assessing the location and
the extent of flood prone areas for given return peri-
ods; defining alert threshold levels; measuring levels
at given upstream locations; estimating downstream
levels either via correlation or via hydraulic mod-
els; issuing warnings at the downstream locations
whenever the estimated values overtop the threshold
levels. Unfortunately, when dealing with smaller riv-
ers, especially subjected to ‘flash floods’, forecasts
are issued based on rainfall predictions and rainfall-
runoff models rather than the models generally used
on large rivers, such as hydraulic models or alterna-
tive options like data driven models (Borga et al.
2008). In the context of flood forecasting/warning,
rainfall thresholds have been generally used as strat-
egy for detection of threats. However, the criteria
for determining threshold runoff estimates vary
from one basin authority to another. Challenges
remain on better estimate the triggering factors and
accounting the change on initial state conditions at
the onset of a storm event. These conditions tend
to increase the number of false alarms specially for
short term predictions (Werner et al. 2006).

In Germany for example there are mainly three
integrated flood management systems devel-
oped within the EU-INTERREG IIIB projects
(Gretzschel et al. 2010). FLIWAS (FLood Infor-
mation & Warning System) applied on the Rhine
River watershed is one of the operative systems
with implementations in The Netherlands, Ireland
and ongoing process in Romania. The system is
a web-based system comprised on different inde-
pendently usable modules that integrate technical,
mapping, organizational and communication tools
targeted to managers, coordinators and operational
employees. They provide support under initializa-
tion, training, preparedness and operational modes
of the emergency cycle to facilitate the information
exchange during flood and threatened flooding.
Decisions are taken about protection and inspec-
tion of hydraulic structures at the operational level,
based on a database management system with pre-
calculated scenarios of flood (De Gooijer & Reuter
2009). Another, operating system under develop-
ment for several decades and with more target to
forecasting centers is Delft-FEWS, which runs at
the European level in The Netherlands, Switzerland,
Scotland, England and Wales. It includes modules
to support emergency management for flood and
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environmental purposes and its structure allows to
manage internal and external modeling results from
different modeling packages (Weerts et al. 2010).

4.2 Debris flows

Debris flows are a severe natural hazard in moun-
tainous regions due to their high velocity, large
volumes and long run-out distances that generally
show flow behaviors intermediate between sedi-
ment-transporting floods and landslides. In case of
debris flow management, the principal uncertain-
ties that affect such system are: first the exact spa-
tial distribution of rainfall at different elevations.
Secondly, the uncertainty related to geomorphol-
ogy of the debris-flow systems. Those that require
channel recharge to produce flows at the crossing
of hydroclimatic thresholds and those with abun-
dant sediment that will always trigger a debris flow
when a hydroclimatic threshold is exceeded (Jakob
1996). Consequently emergency response for these
kind of events are based on real time-monitoring
data and warning systems; with the sufficient
level of warnings to activate watching protocols
even when events are considered unlikely to occur
(Jakob et al. 2011). In Europe, because of the lim-
ited availability of real-time monitoring of debris
flows and the very short time span after the detec-
tion of the event and its propagation downstream.
Such systems often combine rainfall forecasts and
real-time measurements of precipitation within
the basin over a variety of time scales (Bordoux
et al. 2008, Baccini & Zannoni 2003). This in order
to exemplify antecedent moisture conditions and
rainfall intensity as compared to empirical regional
thresholds for debris flow triggering. However,
such approaches are heavily affected by the quality
of rainfall prediction and the reliability of thresh-
old curves (Comiti et al. 2010).

IFKIS-Hydro is an implemented example of
information and warning system for floods and
debris flows in medium-small basins, which is a
pilot DSS based on significant experience and
infrastructure of the Swiss avalanche warning sys-
tem IFKIS. The system’s structure comprises three
pillars incorporated on a Java-based information
platform such as: (1) monitoring of changes in the
catchment on a period-based (at least once a year)
and after each event; (2) real-time information from
weather forecasts, discharge predictions, measure-
ment data and local observations (quantitative and
qualitative); (3) collection and documentation of
former events, stored nowhere else for future use.
The standardized information and visualization
processes also support the long-term use of the
system for monitoring purposes and data storage.
Additionally to the platform, the DSS includes
available meteorological forecast information,



real-time data from the existing and operational
gauge network, a rainfall-runoff simulation models
and event-related information from people work-
ing in the field for later interpretation (i.e. slopes
instabilities, debris flow activity, floating wood or
bed load) (Romang et al. 2010).

5 CONCLUSIONS

There are several EU projects that have studied
the possible impacts of hydro-meteorological haz-
ards such as floods and debris flows and proposed
different strategies for early warning systems and
disaster risk reduction. Some of them referred
here with focus on the techniques and methods
implemented for civil protection purposes on the
response phase. From the reviewed strategies and
research, better practices and ongoing challenges
were identified as outlined in the following tools
commonly used by civil protection authorities:

1. Geo-information and remote sensing: Focus is
given to interoperability and standardization
combined with dynamic Information Commu-
nication Media Technology to keep the flow of
real-time data and information. Some initiatives
are already looking for multi-scale methods, user
center-design software processes and the use of
different sources of data for collection and rep-
resentation in devices, also portable in the field.
However, with the technological development
in communication media, volunteer geographic
information depicts an alternative way to extend
the monitoring activity. Although the role and
responsibility need to be clarified while recog-
nizing limitations on mechanisms for collection,
processing and validation of this data.

. Due to the increasing impact of natural hazards
the need for emergency plans and local involve-
ment has been recognized in the European leg-
islation. In order to overcome limitations in
their implementation, the cross-institutional
cooperation on an earlier stage of the event
management is getting relevance, particularly to
manage emergency response due to rapid onset
hazards and decentralize the role of each sub-
system of the emergency management.

. For a better implementation of early warning
systems there are ongoing efforts to estimate
their benefits while accounting the uncertainties
involved. However, challenges are posed to esti-
mate and communicate both of them. Addition-
ally the combined implementation of traditional
EWS with community-based EWS depicts
opportunities to overcome some of the technical
limitations of the existent tools for detection and
forecasting of hazards. Meanwhile alternative
mechanisms for awareness and preparedness at
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risk could be provided to support the warning
and response activities.

. DSS are commonly implemented to support
the forecasting and civil protection activities,
considering the options to integrate tools and
address different users. However, challenges for
implementation are posed especially in areas
threaten for multiple hazards. Therefore, it is
better recognized the need for an ‘all hazards’
approach, particularly on data collection and
dissemination of warnings as well as the need
to implement simple and open source tools to
support local communities.

Finally, throughout the carried review, it is
worthy mention that there is not full protection
against natural hazards especially under the need
for continuous adaptation to climate and chang-
ing environments. Indeed challenges are posed
to better consider the interrelationships between
the sub-systems for emergency management, to
combine development and implementation of
EWS and emergency plans, facilitate participa-
tory activities and continue scientific efforts on
the assessment of multiple hydrometeorological
hazards.
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