





. 694
ANYWHERE Deliverable Report
Grant Agreement: H2020-DRS-01-2015-700099 ANYWHERE
Table of Contents
DocuUMENt INFOMMALION ...t e e e et e e e e e e e e e e e nneeas i
DOCUMENT HISTOIY ... e e e e e e e e e e s e e s e e e et e e e e e e sa s rnnneeeeeas i
RelAtEA DOCUMENTS ...ttt et e e st e e e b e e e e e e ab et e e e anb e e e e e ennbe e e e e anreeas i
100 010 0= oYU POPPUPPUORPPPR ii
TaDIE Of CONTENTS ..o e et e e s a b et e e s s e e e e e e nbn e e e e s aannne s iii
1 Rationale Of CO-EVAIUALION. ........oi e e e e e 1
1.1 Support of the developMENT PrOCESS .......c.uviiiiiiiiiie e 1
1.2 Support of the sustainable implementation ProCessS ...........occveviiiiiiiii e 1
1.3 Support of market outreach of ANYWHERE ..........ccooiiiiiii e 4
2 Evaluation in ANYWHERE ...t a e 4
2.1 Validation of algorithms..........eeiiii e 6
2.1.1  Background of validation of algorithms ... 6
2.1.2 Weather induced hazard FOreCasting ..........coouiuiiiiiiiiiiiiee e 7
2.2 Verification and validation of the MH-EWS ... 12
2.3 Verification and validation of the AADEMOS platform ..........cccoooiiiiiiiniie e 13
2.4 Co-evaluation of the co-producCtion PrOCESS .........cooiiiiiiiiiiiiiii e 14
2.5 Co-evaluation of AADEMOS ... 14
3 Framework for the co-evaluation of the co-production pProCess ..........ccccevevriiieiiiiiiiiee e 15
3.1 Co-evaluation of needs and expectations related to the development process...................... 15
T I B B = = o= 1< O PSP PP PPPP P 15
3.1.2 Co-evaluation methodology, data collection and analysis ........c.cccccveiiiiiiiie e, 16
4 Framework for the co-evaluation of the ANYWHERE MH-EWS and AADEMOS .............ccccoeeee. 17
4.1 Foundation of the ANYWHERE evaluation methodology ............cocceeiiiiiiiiniiieieieee e 17
4.2 Step 1: ConteXt-ANalYSIS .......ueiiiiiiiiiie e 20
4.3 Step 2: Description of baseline and ex post SCENANO ........c..evveiiiiiiiiiiiie e 20
4.4 Step 3: Performance criteria and indiCators............oocueiiiiiiiiie e 21
4.4.1 Selection of performance criteria and iNdiCators .............ovviiiiiiiiiiii e 23
4.5 Step 4 Economic evaluation MethOdsS. ...........ooiiiiiiiiiiii e 26
4.5.1  CoSt-benefit @NalYSIS.......coiiiiiiiiiiei e 26
4.5.2 Cost-effectiveness @nalySiS .........oocuiiiiiiiiiiiii e 27
4.5.3 Mulli-Criteria @nalySiS ..........cooiiiiiiiiiie e 28
4.5.4 Comparative appreciation of evaluation methods and recommendation ......................... 29
4.6 Step 5: Data CONBCHON ... 31
4.6.1 Re-simulations Of PaSt @VENTS ........c.uiiiiiiiii e 32
4.6.1.1 Liguria Pilot SItE ... 33
4.6.1.2 Catalonian Pilot SIHE.......coiiiiiiiie e 34
4.6.1.3 South SavO PilOt SITE .....eeiiiiiiiiii i 36
4.6.1.4 SWISS PIlOT SIEE....eeeiiiiiiiiie e 37
4.6.2 ANYCARE QAIME ....oiiiiiiiiiieiee et e e a e e e e 37
4.6.3  ODSEIVALIONS ... e 39
4.6.4  FOCUS GIOUPS ..coeeeiiiiiiiite ettt ettt e e e e e et e e e e e e e s e e e e et e e e e e e e e e sanrnrenneees 40
4.6.5 Guided eXPert INTEIVIEW ........c.ueiiiiiiiiiiie ittt e e e e e s enb e e e e e e 41
4.6.6  Criteria WeIGNTING ...ccoi it 43
4.7 Step 6: Data aggregation and analySiS ..........occuiiiiiiiiiiie e 44
471 PRIMATE ..ottt ettt e e et e e s e b et e e e st et e e e e nbre e e e e annreas 44
B REEIBNCES ... e e e s 48
B ANINE X ittt e e b e e e e R b e e et e e e ha e et e e s aa b n et e e s e nn e e e e e s annne e s 55

Deliverable 1.3 (v4) Page iii



694
ANYWHERE Deliverable Report

Grant Agreement: H2020-DRS-01-2015-700099 ANYWHERE

1 Rationale of co-evaluation

1.1 Support of the development process

ANYWHERE strives to organize its innovation and development process in a
collaborative manner; therefore, it includes not only researchers throughout the
project but also developers, potential users and other stakeholders that might share
an interest in the various outputs developed by ANYWHERE. The ultimate goal of
ANYWHERE is to empower responder institutions and exposed people to enhance
their anticipation and pro-active capacity of response, including citizen's self-
preparedness and self-protection, to face extreme and high-impact weather and
climate events and thus, to save lives.

Therefore, we will ensure that the outputs developed by ANYWHERE reflect the
needs and requirements of potential users and have a high potential for being
exploited after the end of the project. In order to provide a tool that is considered
useful and usable by users it is of utmost importance to thoroughly include and
respond to user’s needs, expectations, and expertise when developing the platform.
This can be achieved if project partners participate in the project as co-producers of
the platform, meaning that they are closely involved in its development process.

Evaluating both the development process and the products of ANYWHERE conjointly
with all project members gives highly valuable feedback to all involved parties on how
the project with its collaborative character is progressing and what needs to be
adapted over time.

1.2 Support of the sustainable implementation process

Consultations with ANYWHERE partners for developing D1.1 and D1.2 revealed that
compliance of the project’s products with the rather technical requirements and
specifications is at best a necessary but not a sufficient precondition for their
sustainable implementation at the different pilot sites. Therefore, it is promising, if not
required, for ANYWHERE’s innovations to actually be used beyond the project’s
lifetime to enquire the determinants of (successful) innovation diffusion and make use
of these knowledge stocks to promote the sustainable implementation of
ANYWHERE products.

Everett M. Rogers’ “Diffusion of Innovations” (first edition 1962) is the seminal work in
this research field. Over the decades some of the basic assumptions of the
innovation diffusion model (e.g. linearity of the innovation process) as well as the
oversimplified analysis of negotiation processes within organisations and privileged
focus on individuals (e.g. Van de Ven 1991) were critically discussed. Still, Rogers’
approach to empirically analyse attributes of innovations, which positively or
negatively influence their chance for adoption, was widely appreciated.

Rogers considers innovation process as a sequence of:

e “ldea invention”
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“Development”

“Adoption/diffusion”

According the Roger’s model adoption of an innovation comprises of the following

steps:

“‘Knowledge/awareness”: User/decision maker becomes aware of the
innovation, its functionalities, potential benefits etc.,

“Interest/persuasion®: User/decision maker forms a first opinion about the
innovation,

“Evaluation/decision®: User/decision maker becomes active, i.e. pursues
actions to adopt or reject innovation,

“(Trial) implementation®: User/decision maker applies innovation on a trial
basis,

“Confirmation/institutionalization“: User/decision maker institutionalizes or
stops the implementation of an innovation based on the feedback received,
e.g. from outside or inside the organisation.

Figure 1 provides an overview of Roger’s model and the innovation attributes
influencing this process.

IDEA INVENTION —— DEVELOPMENT === ADOPTION/DIFFUSION

— Needs/problems — Design - Main Decigion Process
- Research ~ Commercialize Sub-Stages:

Awareness/Knowledge

\

FACTORS AFFECTING RATE OF ADOPTION:
Innovation characteristics:

Aelative advaniage InteresvPersuasion

Compatibility

Complexity

Trialability

Observability Evaluation'Decision
Type of innovation decision:

oplional. collective. authority \
Communication channels and behawvior Trial Implementation

change ageni's promation efforts
Nature al social sysiem:
norms and socipeconomic leatures

innovation capacily
perceived needs or gaps

\

Insututionalization

Figure 1 Combination of Rogers's basic stages of the innovation process with
factors that predict the rate of innovation adoption (Van de Ven 1991, p. 135).

The model has been tested in many different contexts. On this empirical basis it was
concluded that there is strong evidence that the lion's share of variance in the rate of
adoption of an innovation and its diffusion can be explained by the inner-
organisational perception of five innovation attributes (Rogers 2003):

Relative advantage, i.e. degree to which an innovation is perceived as better
than the idea it supersedes.

Deliverable 1.3 (v4) Page 2



494
ANYWHERE Deliverable Report

Grant Agreement: H2020-DRS-01-2015-700099 ANYWHERE

« Compatibility, i.e. degree to which an innovation is perceived as consistent
with the existing values, past experiences, and needs of potential adopters

« Complexity, i.e. degree to which an innovation is perceived as relatively
difficult to understand and to use.

e Trialability, i.e. degree to which an innovation may be experimented with on a
limited basis.

« Observability, i.e. degree to which the results of an innovation are visible to
others.

Co-production and co-evaluation can enhance the degree of adoption and diffusion of
the ANYWHERE platform A4DEMOS. There are various ways, in which the
perception of these attributes can be influenced in the development and
implementation phase. All five attributes are addressed, whereas the co-evaluation of
A4DEMOS primarily focuses on the first innovation attribute, i.e. the perception of the
relative advantage of a disaster risk management system including A4ADEMOS over
the current operational systems without A4ADEMOS at the particular pilot sites.

The evaluation of the relative advantage of the new system will be based on the
performance criteria selected and weighted by ANYWHERE’s operational partners,
i.e. future AADEMOS users. This comparative assessment enhances the visibility
and, thereby, the perception of relative advantage of A4DEMOS by individual
operators as well as by the respective organizational unit (and potential new
customers).

The collaborative nature of the development process offers the opportunity to also
bring into focus the other four innovation attributes.

In ANYWHERE compatibility with the organisational context, i.e. the regulations,
values, believes, experiences, and needs, of the future users is supported through
thorough context and needs analysis carried out in WP1 and documented in D1.2.

The ability of the users to understand and use the platform, i.e. their perception of its
complexity, is enhanced through the pilot site training activities during the
implementation period. Furthermore, developers maintain close contacts to
operational partners also providing support during the demonstration period.

Supported testing and demonstration activities will allow future users to experiment
with AADEMOS at their specific working contexts. Thereby, the trialability of the
innovation will be ensured.

Many ANYWHERE activities are geared towards making the results of the
implementation of AADEMOS visible to others at the pilot sites and beyond, which will
guarantee observability.

Beyond these 5 innovation attributes according to Rogers there are additional factors
influencing the rate of adoption, i.e. the relative speed with which an innovation is
adopted by members of a social system (Rogers 1983, p. 240):

e Type of innovation decision,
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= Nature of communication channels diffusing the innovation at various stages in
the innovation-decision process,

» Nature of the social system, and
= Extent of change agents' efforts in diffusing the innovation.

In the context of the ANYWHERE project these factors are given framework
conditions, which cannot and are not to be influenced by the project itself. Information
regarding these factors can be collected and analysed in order to investigate why
adoption and diffusion processes unfold in a particular way at a specific pilot site, but
this is beyond the scope of the evaluation activities in ANYWHERE.

1.3 Support of market outreach of ANYWHERE

The co-evaluation of A4DEMOS will support ANYWHERE’s market outreach
activities by:

e Providing evidence on the changes the use of the ANYWHERE platform can
make in real world disaster risk management operations;

e Facilitating judgements on the transferability of evaluation results to other,
similar decision making contexts by providing comprehensive descriptions of
the pilot site-specific context conditions of the evaluations;

- Offering a methodological framework, which can be used by ANYWHERE
partners operating case studies (WP5) or the fifth EU pilot site (WP6) to
analyse the efforts as well as the benefits the ANYWHERE platform can bring
to their activities;

e Support ANYWHERE’s market development activities (Task 7.2) by offering a
methodological framework, which can be used by potential A4DEMOS
licensees to analyse the efforts as well as the benefits the ANYWHERE
platform can bring to their activities.

2 Evaluation in ANYWHERE

In this section, we would like to position the evaluation work performed in WP1
against the background of the wider ANYWHERE context. In various working
packages steps are undertaken aiming at validating and evaluating the outputs
prepared by the ANYWHERE consortium. This includes the following steps
performed in different WPs:

« Validation of algorithms;

e Verification and validation of the multi-hazard early warning system (MH-
EWS);

e Verification and validation of the disaster risk management platform
(AADEMOS);
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e Co-evaluation of the co-production process to support iterative platform
development process to ensure that A4ADEMOS is in line with needs and
expectations expressed by ANYWHERE partners;

e Co-evaluation of AADEMOS at the pilot sites to make this added value visible
for partners to promote sustainable implementation of AADEMOS at the pilot
sites.

Table 1 provides an overview of these activities in ANYWHERE.

Table 1: Overview of different types of evaluations conducted in ANYWHERE

Type of Leading
evaluation partner
Validation of T2.8 Robustness and uncertainty of UNIGE & M9-M36
algorithms algorithms to assess weather- WP2 team
related event induced impacts
Verification and T3.4 Testing and performance RINA, HYDS | M07-
validation of the evaluation of the MH-EWS M37
MH-EWS system and modules/tools
refining
Verification and T3.4 Design of the test plan RINA M7-M15
validation of the T4.2 Platform Tests and validation AIRBUS M18-
A4DEMOS M38
platform T6.2 Training of the operators and CIMA M21-
responders’ personnel on the HYDS M24
customized version of the FMI
A4DEMOS platform at the pilot UNIGE
sites
Co-evaluation of | T1.4 Development of co-evaluation UFZ M4-M19
the co-production framework
process T1.5 Application of evaluation UFZ M20,
framework for collecting M29,
feedback from ANYWHERE M35
partners
Co-evaluation of | T1.4 Development of co-evaluation UFZ, M4-M19
A4DEMOS at the framework
pilot sites (user T6.7 Feedback of the operators, first | INTC M25-
perspective) responders and stakeholders M39
recommendations
T1.5 Application of evaluation UFZ M19-
framework for 4ADEMOS at the M37
pilot sites
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2.1 Validation of algorithms'

2.1.1 Background of validation of algorithms

Basic information about the uncertainty and robustness of each of the algorithms has
been collated through a survey led by UNIGE/METEODAT. The survey included a
questionnaire that addressed floods, heat waves and health hazards, heavy rainfall,
storm surges, wind, drought, fires and landslides. Questions were about: (i)
uncertainties of input and state variables, (ii) parameter uncertainty, (iii) test on very
extreme events (outliers), (iv) assessment of False Alarm Rate (FAR), (v) accounting
for cascading events, (vi) future climate conditions. It appeared that the total set of
algorithms covers a broad variety (Sections 2 and 3) and not all cover all
physiographic conditions across Europe. This challenges the definition of common
uncertainty and robustness indicators. Simplification is required for homogenization
that likely will follow a qualitative approach. The expected outcome is the suitability of
algorithms in qualitative terms for the dominant pan-European physiographic settings
for current and projected climates. As an outcome of the 1st phase, the preliminary
findings of the survey were reported in Deliverable D2.2 (M18) and uncertainty and
robustness will be thoroughly analysed in real events during the demonstration period
in the different Pilot Sites.

Mapping of the suitability of algorithms in qualitative terms (at least as high, medium,
low) for the dominant pan-European physiographic settings (also including, e.g.
altitude zone, season) will be done in the 2nd phase. This approach will be
developed and validated in the ANYWHERE Pilot Sites (WP6) by comparing impacts
derived from forecasted natural hazards with observed impacts (e.g. including
validation runs, sensitivity analysis, assessment of forecast quality; see additional
tables in section 6 Annex). Parallel to investigating on-going conditions, impacts
under a future climate (e.g. RCP8.5 to test robustness) will be explored. If possible,
outcome from a Regional Climate Model (RCM) will be used to quantify regional
changes in inputs and state variables, and associated extreme events. To extend the
results presented in D2.2, the Consortium has proposed to add a new Task 2.8:
Robustness and uncertainty of algorithms to assess weather-related event induced
impacts specifically focused in the exhaustive analysis of the robustness and
uncertainties related to the algorithms included in the Multi-Hazard Early Warning
System (MH-EWS). This Task 2.8 has been proposed to run from M9 to M36 to take
the maximum profit of the demonstrations (analysis of real events, analysis of false
alarms and failures, feedback from operators....) and also to use the data collected
from the implementation of the MH-EWS to run off-line calculations on robustness
and uncertainty analysis. The findings, including potential strengths and robustness,
but also improvements will be documented in the new Deliverable D2.5 (M36).

! Input for this section was provided by WP2 partners.

Deliverable 1.3 (v4) Page 6



494
ANYWHERE Deliverable Report
Grant Agreement: H2020-DRS-01-2015-700099 ANYWHERE

2.1.2 Weather induced hazard Forecasting

Table 2 provides an overview of the validation procedures of the weather induced
hazard forecasting algorithms that are used in the Multi Hazard Early Warning
System (MH-EWS) developed in ANYWHERE. For clarity it has been separated in
the validation aspects of the Meteorological models (used as external input of the
MH-EWS), the Hydrological models providing riverine flood forecasting (coming from
EFAS) and the algorithms for the different Hazard Forecasting integrated in the MH-
EWS.

For the 2nd phase of the validation of the hazard forecasting algorithms (T2.8), the
skills of the algorithms included in the MH-EWS will be tested against observed
natural hazards. This is a continuation of existing practices, such as for floods
(EFAS) and wildfires (GEFF), or newly introduced activities (e.g. pan-European storm
surges, heat waves, drought). Focus will be in particular on the Pilot Sites, where the
natural hazard will be translated into impacts using knowledge on the site-specific
vulnerability.
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Figure 5: Overview impact areas
Note: Differently coloured rectangles represent totality of criteria and indicators
assigned to each of the four main impact areas.

4.5 Step 4 Economic evaluation methods

4.5.1 Cost-benefit analysis

The traditional methodological framework for economic assessment of alternative
systems is the Cost-Benefit Analysis (CBA)®. Its main objective is to find the most
efficient, i.e. optimal option. Its basic rationale is to relate the aggregated benefits of
an alternative to its costs to determine its net benefits compared to a reference
“baseline” option. If different options are compared the alternative with the highest net
benefit is selected.

All costs and benefits have to be included in monetary terms and estimated for each
year of the evaluation timeframe. Typically, investment costs occur in year 0, while
current costs are accounted for annually, and re-investment costs may accrue after a

® For more information on CBA see Hanley, Spash (1993), Hansjiirgens (2004), Brouwer,
Pearce (2005), Young (2005). For applications in the context of natural hazard management
see MAFF (1999), Brouwer, Kind (2005), Pearce, Smale (2005), Turner et al. (2007), Thoni
et al. (2009), Meyer et al. (2012, 2014).
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certain period of time. Benefits are usually estimated through the reduction of
expected annual damage, which is typically determined through modelling. If this is
not feasible, benefits can be estimated on the basis of consultations with experienced
stakeholders or experts. The annual expected damage value and, thus, the benefits
of an alternative are subject to change over time as climate and socio-economic
framework conditions change.

In order to make costs and benefits occurring at different points in time during the
evaluation period they have to be discounted, i.e. converted into their present value,
which in turn is their value at the time the CBA is conducted. The rationale behind
discounting is the time preference of decision makers: Benefits as well as cost are
valued higher the sooner they are received or have to be paid for, respectively
(Hanley, Spash 1993). The choice of a specific discount rate has an important impact
on the result of a CBA, i.e. the net (present) benefits determined. Therefore, there is
an intensive debate about specifying its level and trend over time (e.g. constant vs.
declining).

Typically one of the following two decision rules is applied, when running a CBA.

e Net present value (NPV) test: If the NPV is positive (NPV>0) discounted
benefits exceed discounted costs, i.e. the implementation of an option leads to
a higher level of social welfare. The option with the highest NPV is selected.

« Benefit-cost ratio (BCR) test: If the ratio of discounted benefits to discounted
costs is bigger than 1 (BCR>1) this option leads to a higher level of social
welfare. The BCR does not provide evidence on the total size of the social
benefit, but just on the relation of the expected benefits to the occurring costs.

Therefore, the result of a CBA depends on the specific benefit and cost curves of the
alternatives compared, so that it is possible that options with high BCRs can have
small NPVs. It is recommended to use NPV if one option is to be selected and BCR if
there is a given budget, which can be used for several options until it is exhausted
(Pearce, Smale 2005).

Sensitivity analyses should be conducted to investigate how robust results are to
variations in input data, e.g. discount rates.

4.5.2 Cost-effectiveness analysis

Cost-Effectiveness Analysis (CEA'' is an evaluation approach that relates the
(monetary) costs of an alternative to its effects, which are measured using a non-
monetary target indicator. So typically the ratio’s denominator represents changes of
a particular effect resulting from the implementation of an alternative and the
numerator represents the costs occurring due to the implementation.

19 See for example Gowdy (2009), Turner et al. (2007).

" For a discussion of CEA see e.g. Messner (2006), Rheinsberger, Weck-Hannemann
(2007).
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As for the CBA options to be compared for a given evaluation period have to be
specified. All expected costs have to be assessed in monetary units and a suitable
non-monetary target indicator has to be determined. Such an indicator can be either
quantitative, e.g. specific number of people to be protected, or qualitative, e.g. low,
medium or high protection levels. As for the CBA discounting has to be applied.

Again depending on the purpose of the evaluation different decision rules can be
applied.

« Costs to achieve defined target: Option is selected that achieves defined
target value at lowest costs.

- Effectiveness at given cost level: Option is selected that reaches best target
value at given costs.

» Cost-effectiveness ratio: Descending selection of non-precluding options (from
best to worst cost-effectiveness ratio) until a given budget is exhausted.

Sensitivity analyses should be conducted to investigate results’ robustness.

4.5.3 Multi-criteria analysis

Multi-Criteria Analysis (MCA) " is an evaluation approach that judges the
performance of alternatives against a number of objectives or evaluation criteria
(Belton, Stewart 2002). So it can be applied if the assessment of a system either has
to take several objectives into consideration or if several criteria covering different
aspects of the performance are to be considered. The latter option is particularly
relevant if indicators measuring these aspects cannot (easily) be merged into one
non-monetary (target) indicator or expressed in monetary terms. So in contrast to the
CBA and CEA the availability of monetary or other quantitative data is not an
application prerequisite as performance aspects can also be qualitatively assessed,
e.g. through expert judgements.

Many different MCA approaches exist to compare pre-defined sets of alternatives.
The two most prominent methodological streams are Multi-Attribute Decision-Making
(MADM) concepts, which are based on Multi-Attribute Utility Theory (MAUT), and the
so-called outranking concepts (see e.g. Keeney, Raiffa 1993, Drechsler 1999, Klauer
et al. 2006). In contrast to MAUT-based approaches outranking concepts do not
assume that decision makers are completely aware of their preference structure.
They perform pairwise comparisons of the alternative options across all evaluation
criteria.”® So only preferences regarding these pairwise comparisons and the relative
importance of the various criteria have to be unveiled.

2 For general description of different MCA approaches see e.g. Bana e Costa (1990),
Zimmermann, Gutsche (1991), Munda (1995), Vincke (1992), Belton, Stewart (2002). For
applications in the context of natural hazards management see e.g. Bana e Costa et al.
(2004), Brouwer, van Ek (2004), Akter, Simonovic (2005), Kenyon (2007), Meyer (2007).

'3 For an overview see Zimmermann, Gutsche (1991)
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MCA approaches have in common that they subdivide the overall performance of an
option into single performance aspects, i.e. criteria. Performance data for each
alternative and each criterion is collected. These criteria values are then normalized
and aggregated using the weights, which reflect the importance of each aspect for
the overall performance. Criteria weights are to be elicited by those that the
evaluation is being done for.

The decision rule to be used to determine the best-performing option depends on the
specific multi-criteria approach applied. MAUT-based approaches select the best
option on the basis of the highest weighted criteria value sum. Outranking
approaches select it using highest outflow, lowest inflow or highest net flow scores.

Sensitivity analyses should be conducted to investigate results’ robustness.

4.5.4 Comparative appreciation of evaluation methods and
recommendation

Each of the evaluation methods introduced in the preceding section has particular
strengths, but there are also some challenges when applying them. This section
discusses these characteristics and reflects on the applicability of the methods in the
context of ANYWHERE.

CBA™ is well known and has already been applied in many different contexts, it aims
for accounting for all positive effects (benefits) and negative effects (costs) of an
option and allows for comparing alternatives based on their net (social) gains. Major
challenges are that all relevant costs and benefits have to be expressed in monetary
terms, which is very complicated in non-market sectors and for non-technical options.
Therefore, often in these sectors only partial CBAs, which then have to be
complemented by supplementary evaluation methods covering e.g. distributional
issues. The application of a CBA is recommended if (1) the cost perspective is
relevant, (2) monetization of all or at least of the most significant performance
aspects is feasible and risk probabilities are known and sensitivity is rather small.

The strength of the CEA is that beneficial performance aspects can be considered in
non-monetary terms. Still the specification of a single target indicator to measure
heterogeneous performance aspects is very challenging. This is particularly relevant
if options unfold manifold, complex and/or cross-sectoral direct and indirect effects. In
principle the application of a CEA is restricted to comparisons between options that
produce directly comparable outputs measured in the same unit (Birch, Gafni 1992).
Furthermore, the possibility to consider uncertain data is rather low and - based on its
results - no clear judgement of the net (social) gains of the implementation of an
option is feasible. Therefore, the use of a CEA is recommended if (1) there is a single
objective, which can be operationalized using specific target level and (2) monetary
cost estimates are available. Actually its rationale is very similar to the one of the
CBA, but it is applied if monetary valuation of the benefit criterion requires
disproportional efforts or is simply impossible.

'* Main arguments are based on Watkiss et al. (2014), European Commission (2009, p. 45f).
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The MCA shares the aim to analyse positive and negative effects of options in one
single assessment framework to allow for comprehensible comparison of different
scenarios. So it also relates to the cost-benefit thinking of the CBA and the CEA but
in contrast to those it is more explicitly weighting the pros and cons of options with
regard to particular performance aspects. It highlights the trade-offs instead of purely
aiming for optimization. Its biggest advantage is the possibility to use monetary, other
quantitative and qualitative data for the evaluation. Furthermore, there are some MCA
approaches, which are particularly capable of using uncertain input data'. They
consider this data stochastically using score ranges, triangular distributions or other
probability functions. Stochastic PROMETHEE Il is an example for such an
outranking approach. On the one hand side the possibility to use differently scaled
input data for the analysis offers more opportunities with regard to data collection
methods, but on the other hand side the elicitation of decision makers’ preferences
for the (weighted) aggregation of criteria values also requires additional information.
The explicit consideration of user, decision maker and/or stakeholder preferences in
the assessment process makes MCA a more deliberative and participatory evaluation
approach than CBA and CEA. However, for the same reason it is often criticised for
being subjective, especially since the methods being used to elicit preferences have
not been tested and improved to the extent as e.g. stated preference techniques for
monetary valuation. The consideration of time preferences is a challenge if evaluation
periods extend far into the future and the analysis of net (social) gains is hampered
by the fact that no information on the (net) benefits of the implementation of an option
is provided in monetary terms. Still, MCAs aim to provide an overall ranking indicating
which of the options performs best considering the preferences of the relevant users
and/or decision makers. MCAs provide an additional value as rankings can also be
computed for single indicators or specific (groups of) users and/or decision makers,
which facilitates the comprehension of and exchange about advantages and
disadvantages of one option over another.

Based on the planning of various testing and demonstration activities at pilot site
level (training, re-simulation of events), which will provide valuable opportunities to
collect performance data for the options “baseline scenario” as well as “A4DEMOS
scenario”'®, we expect that the data to be considered for the evaluations in
ANYWHERE will be diverse. Different data collection methods will have to be applied
and data metrics and scales will have to be dealt with.

Appreciating the pros and cons of all evaluation approaches presented, taking into
consideration the lessons learnt from other research projects, having in mind the
properties of the performance data (e.g. scales, metrics, level of uncertainty) to be
dealt with and reflecting the pre-conditions of the application of the various MCA
approaches at hand (e.g. unveiling of decision makers’ complete preference structure
for MAUT-based approaches), we recommend the use of a probabilistic multi-criteria

1% Less sophisticated approaches add an uncertainty criterion to the criteria list.

'8 For more information see section 4.3.
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outranking approach to comparatively assess the performance of the baseline
scenario and the A4DEMOS scenario at the ANYWHERE pilot sites."”

4.6 Step 5: Data collection

Once baseline scenarios and ex post scenarios are described, performance criteria
and indicators selected and evaluation methods chosen by each ANYWHERE pilot
site the data collection process is initiated. Assuming the evaluation will include the
application of one of the MCA approaches two types of data, i.e. performance data
and data on users and/or decision makers’ preferences, are to be collected to assess
the performances of the ANYWHERE platform as well as the current operational
disaster risk management systems at the different pilot sites.

For every indicator specified to capture a single performance aspect of the baseline
scenario and the ex post scenario at each pilot site, information is collected on how
the disaster risk management process operates with and without AADEMOS. For this
purpose, selected data collection methods introduced in sections 4.6.2 - 4.6.5'® will
be applied in the context of the training activities and re-simulations of past events
planned for the demonstration period at the different pilot sites. Section 4.6.1 is
based on the inputs by ANYWHERE partners to D6.2, which shortly describe their
planned training activities. As set-ups of AADEMOS will differ at the each pilot site
due to their different requirements each site-specific version of the platform has a
particular acronym, e.g. in Catalonia A4CAT, in Switzerland A4ALPS, in South Savo
A4FIN and in Genoa A4LIG. A 5" pilot site version for a generic site in Europe will be
implemented and tested in the pilot sites of Stavanger (Norway) and North Corsica
(France). In addition to the data collection during the demonstration period,
performance data will also be collected at the end of the operational testing period,
i.e. after a year of operation.

Based on the selection of suitable and feasible indicators performed by the pilot site
partners a site-specific strategy for collecting performance data will be specified. Data
collection method to be applied, timing and responsibilities are determined for each
performance indicator.

" This is also in line with experiences from other EU projects such as SEQUOIA and
ERINA+, which show that whenever impacts of actions are difficult to monetise and/or only
become measurable in the medium or long term MCAs are best suited for such types of
evaluation.

'® Section 4.6.2 introducing the ANYCaRE game was contributed by CNRS and sections
4.6.3 -4.6.5 describing further data collection methods are contributions of UPB. Inputs were
revised by UFZ.
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Table 6: Exemplary overview data collection strategy

Impact Criterion Sub- Indicator DELE Respon-
area criterion collec- sibility
tion
method
Economic | Financial Operatio- | Total annual | Cost End of Pilot site
impact effect nal costs costs account- | demonstra | partners
occurring at ting tion period
your
organisation
due to
operation of
the system.
Techno- Usability - Suitability | Suitability of | Survey After re- UFZ
logical Operability the system simulation
impact for the activity,
specified End of
task(s). demonstra
tion period
Environ- Resource Energy Energy used | Measure | End of Pilot site
mental usage consump- | to operate ment demonstra | partners
impact tion the system tion period
(hourly/daily/
annually)
Social Effects on Working Level of Survey End of UFZ
impact working routines satisfaction demonstra
routines for execution tion period
and of
employment compulsory
activities
under
ordinary
conditions.

The investigation and consideration of users and/or decision makers’ preferences will
be two-fold. Firstly, the suitability and feasibility of performance criteria and indicators
are rated using the template provided (see Table 5). This rating forms the basis of the
selection of performance indicators. Secondly, the relative weight of each
performance indicator and effect category for the overall aggregation is determined
by using more sophisticated methods for weight elicitation. These are described in
section 4.6.6.

4.6.1 Re-simulations of past events

The objective of the evaluation in the pilot sites is to test the effect of the integration
of the A4ADEMOS platform in the systems and operations of the different users
involved. This will include the monitoring of the performance of the platform in real

Deliverable 1.3 (v4) Page 32



. 494
ANYWHERE Deliverable Report
Grant Agreement: H2020-DRS-01-2015-700099 ANYWHERE

time during the demonstration period as well as the evaluation of the benefit of the
platform on past events compared to the existing systems.

4.6.1.1 Liguria pilot site

The evaluation based on occurred cases will analyse the flash flood event of 9
October 2014. The idea is to reproduce the same event from the forecast of the
previous day, then follow the procedural aspect of the Genoa Municipality through the
forecasts, observations and actions to be taken during the occurrence of an event
(for details for the various steps see Figure 6).
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Figure 6: Graphic representation of operational rules

For testing the effects of the A4LIG implementation and changes of the operational
activities we reproduce the event in a double configuration:

- Same configuration of the 9th of October 2014
» New configuration with the A4LIG in place.

The event of 9th October 2014 was characterized by heavy rainfall, with very strong
intensity, which mainly affected the central part of Liguria and in particular the city of
Genoa. The peak was in the evening of October 9th, when an alluvial event affected
the capital, and in particular the basin of the Bisagno stream. The event was placed
in a highly unstable meteorological setting, characterized by strong stormy activity
with stationary structures, though not directly related to the approach or transit of a
frontal system.
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Precipitation hit the Genoa area in two distinct moments, interspersed with a brief halt
of a few hours: a first stormy phase developed between morning and early afternoon;
a shorter but more intense phase emerged between the evening and early hours of
the following night when rain recorded significant peak times, i.e. among others
Genova 141 mm in 1 hour and 226 mm in 3 hours, Geirato 112 mm in 1 hour and 230
mm in 3 hours, Torriglia 88 mm in 1 hour and 212 mm in 3 hours. The event caused
one casualty. Overall damages of around 300 million Euros were estimated. Figure 7
provides a chronology of the event.
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Figure 7: Timeline of the event

4.6.1.2 Catalonian pilot site
At the Catalan pilot site the following events will be re-simulated:

1) Floods (March 2017), i.e. heavy rains, river overflows, waves'®
2) Wind (December 2014)

3) Forest fires (July 2013), i.e. an urban fire event

4) Snowstorms (March 2010)

In the case of floods, we have chosen a past event (flash flood occurred from 24th to
25th March 2017), to simulate a real situation using two configurations. This
procedure will be the same for each hazard and will be based on the current CECAT
forecasting system vs. the new configuration with the A4CAT.

The analysis and planning of the emergency actions are also followed with the real-
time procedure of the CECAT (emergency management center of Catalonia) through
observations (mainly provided from the regional weather services METEOCAT).
Relevant steps are displayed in Figure 8.

% The event of 24-25 March 2017 is characterized by accumulation situation and rainfall in
the central and north coast of Catalonia, which caused significant increases in the rivers
managed by the Water Agency in Catalonia - ACA.
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Figure 8: Graphic description of operational rules

By using A4CAT, the aim is to improve the early warning system, before the actual
crisis starts, i.e. one hour in advance, before the incidents on the field. We will
explore whether A4CAT will allows us to contact municipalities earlier and thus also
activate relevant emergency plans earlier. Figure 9 shows the number of calls to 112
related with this episode.

Number of calls and incidents to 112

160 A
140

240372017 2500372017

Figure 9: Number of calls to 112 and number of incidents
Note: Number of calls to 112 (in blue). Number of incidents (in red) (from 18:30 LT
(UTC+2h) 24 March to 12:30 LT 25 March, 1390 calls to 112 and 1006 incidents)
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One indicator will be the time of our response before the incidents on the field will
occur. We are also trying to improve through:

1. Integrating all data sources (static and dynamic) that we usually use in these
episodes, such as:

» Static risk information (flooded areas, vulnerable activities, priority points for
protection)

» Weather service forecast

e Radar (real time)

- Meteorological (weather service) gauges (real time)
= River (water agency) gauges (real time)

» Emergency 112 calls

e Crowdsourcing

2. Combining real time data sources and translate to potential damage — impact
e Focus the monitoring on potential critical scenarios (local)
e Detect and analyse flooded areas
» Detect critical infrastructures and high vulnerable activities potentially affected
e Propose warnings and alerts to population
e In advance: Early warnings
» With local scale

e Make it easy: Automatic warnings with only the (summarized) information
needed

4.6.1.3 South Savo pilot site

The evaluation activities at the Finnish pilot site are based on historic simulation data.
FMI and ISTIKE will use data from two different weather events. The case “Tapani-
storm (2011)” is a good example of an intense, large-scale low-pressure windstorm,
which usually occur in Finland during the autumn/winter season. In the large-scale
weather event (low pressures) the phenomena can be forecasted several days ahead
so ISTIKE’s preparation period is rather long. Shorter time-scale actions are
simulated with the historical case “Asta-thunderstorm (2010)”. Asta-thunderstorm was
an intense convective storm affecting a smaller area than Tapani. Because of the
typical nature of convective storms, i.e. rapid development, very short forecast time
and intense winds, the impacts of this phenomenon are often severe. Also because
the predictability of thunderstorms is so short, the time for ISTIKE to prepare for
actions is much shorter than in the large-scale events. Both storm cases are very well
documented and provide typical weather-related risks of the Finnish environment in
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summer and winter situations, i.e. intense rainfall, convective storms, severe winds
and heavy snowfall.

The aim of the re-simulations is to show the actual improvement of the end-user
operational capabilities before, during and in the aftermath of emergencies induced
by extreme and high-impact weather and climate events.

During the pilot phase, i.e. when A4FIN system will be fully operational, ISTIKE will
run historical data of Tapani-storm (strong wind) and Asta-thunderstorm through
A4FIN. During the simulation we will compare operational procedures, activities of
duty officers and activation processes to learn what was done differently during the
real cases in 2010 and 2011 at ISTIKE and at the regional Civil Protection authorities’
operation centres. If needed, it is fairly easy also to run verification tests (different
high-impact weather event) to evaluate benefits of A4FIN.

Ideally, the evaluation should be at a later stage of the pilot phase because then duty
officer will have enough experience on using A4FIN. Results of the re-simulations
should address differences of speed and reliability of the information received from
FMI. This will happen at both ends, i.e. at FMI and ISTIKE, when data is needed to
encode only once into the A4FIN. Commanding Civil Protection officers will be able to
do faster decisions and create quicker situational awareness.

4.6.1.4 Swiss pilot site

The A4ALPS platform will complement existing tools and, therefore, will only be one
of the pillars, experts will base their decisions upon.

The quality of A4ALPS can be described by the degree of uncertainty in decision
making with or without the additional information. An evaluation of the reduction of
uncertainty will be done during the demonstration phase. This requires that there are
one or more events during this phase. The probability of such events is quite high, at
least for some of the examined hazards.

4.6.2 ANYCaRE game

ANYWHERE Crisis and Risk Experiment (ANYCaRE) introduces a serious gaming
approach to obtain conclusions on “if “and “how” an improved multi-model forecast
output, including information on i) impact assessments and maps and ii) live data on
exposure and vulnerability derived from social media and crowdsourcing - provided in
the frame of ANYWHERE platform - can support the decision chain in European
warning systems towards better responses. ANYCaRE is first designed as a tabletop
role-playing game*® (or pen-and-paper role-playing game) for adults, in which
participants act their role through speech while sitting in a comfortable setting (Cover,
2005). The game serves as an evaluation tool as well as an interactive
communication mean among ANYWHERE’s partners and stakeholders.

® Pen and paper or tables are not strictly necessary for the game. This term is used to
distinguish this format of role-playing game from other formats in which participants act their
characters physically as well.
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ANYCaRE is designed to simulate one or more of the three main levels in the
warning-system decision chain (i.e., 3 groups of roles to be played in the game): i)
Level 1: Weather Forecasters; ii) Level 2: Emergency managers/Authorities in charge
of civil protection; iii) Level 3: General public and targeted users (private companies).
Every group should be preferably played with 10 to 15 players. During the simulation
the players are provided with the imaginary case study of “Anywhere City”. In
ANYCaRE world each game round simulates a successive weekday until the
“AnyDay” festival (held on Saturday). Each game day the players receive updated
probabilistic forecasts for precipitation and river discharge as well as contextual
information for each area in Anywhere City. These data mainly refer to flood early
warning products released by the European Flood Awareness System (EFAS) (Smith
et al. 2016). As a second trial the players get new ANYWHERE products® including
improved probabilistic impact-based forecasts, risk assessments and ground
observations from social media, and are given the opportunity to rethink and modify
their decision if necessary. Each player generates a certain sub-role (e.g., expert
hydrologist, school representative, first responder) assigned to him/her by the game
moderator, and with his/her co-players has two different issues to address during the
simulation. The first is to select one or more of the predefined warning or emergency
activities according to the available information and related uncertainties, and the
second deals with the communication of those decisions in order to enforce (self-)
protective actions.

The first implementation of ANYCaRE was carried out in the frame of ANYWHERE’s
2nd workshop in Helsinki (September 2017). A game session was organized with a
group of sixteen players to compose the virtual Local Emergency Operation Center of
Anywhere City under the threat of (flash) flooding. The aim of the emergency
management group was to keep the population safe and ensure smooth execution of
everyday life and “AnyDay” festival in Anywhere City, while managing a given budget.
Among the players there were PhD students and researchers in weather-related
hazards, developers and modellers, emergency managers and operational
forecasters. The test experiment was considered as successful since, according to
the players, the game ‘was very fun’ and ‘clearly demonstrated the benefit of certain
ANYWHERE outputs’. Although still under development, the examples of the
ANYWHERE MH-EWS products included in the game were found to reduce the
overall uncertainty in the decision-making process. Though, improvement needs
were discussed. The players recognized ANYCaRE scenario as very realistic and
presented a strong commitment to the storytelling. Participants in Helsinki introduced
further aptitudes of ANYCaRE; emphasizing educational scopes such as coaching
emergency services in order to sharpen their emergency agility and alertness before
the crisis strikes. Applications to other weather-induced risks such as wildfires were
also encouraged and are considered for the future. Rather than a single tabletop role-
playing, we vision ANYCaRE as a broad experiment campaign that will encompass
various versions of gaming (e.g., digital, board games) to be applied at first within
ANYWHERE project.

21 A catalogue of products to be integrated in ANYWHERE Platform is available at
http://anywhere-h2020.eu/catalogue/.
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4.6.3 Observations

Based on literature research different possibilities to observe users in their
environment or during field trails with deviating effects for the observation itself exists.
Observation is an important method to gather data about the “real world” and “real
needs” of users.

An observation during real emergency incidents is not reasonable in most cases, but
there are possibilities to get insight during training exercises.

Main differences are participatory vs. non-participatory observation and direct vs.
indirect observation. Hence, before starting an observation it has to be decided how
the observer will be involved and whether the participant should be aware of the
observation. Documenting the results of an observation can be done using video,
voice recording and note taking. Depending on the specific observation protocol
types deviate (e.g. diary, notes of observation with context reflection). This includes
different methods to collect data from the specific research field.

Aim and applicability of the method

Firstly, it has to be decided to what degree the observer gets involved in a respective
situation or training activity. The main challenge of getting strongly involved is to
maintain the distance needed to observe and record the on-going situation in an
adequate and valid way. In the case of non-participatory observation the researcher
does not get directly involved in the action but observes from “outside”. Participatory
observations imply that researchers collect data during an action under study.
(Sekaran 2013). This means observing the activities or situation from “inside” by
taking part in the group to be studied. Hence, researchers can better understand the
views of participants than an outsider, but at the same time observation objectivity
decreases. In non-participatory observations researcher are able to provide a
detached and unbiased view of the participants and have time to produce adequate
records. In case of a direct, non-participatory observation two different strategies
exists:

e Reactive: A reactive observation indicates that participants know that
someone is currently observing the situation. In this case the potential of
changing the behaviour due to the attendance of an observer need to be taken
into account. (Crowther 2005)

 Non-reactive: Non-reactive observation involves serious ethical questions
because the study of participants is taken without their awareness. (Bernard
2000)

In addition, indirect observation is a method, which allows researchers to observe
outcomes of behaviour rather than observing the behaviour itself. (Bajpai 2011)
Sometimes a researcher is unable to observe persons directly, so an indirect
observation can be conducted through the analysis of internal organizational
documents or other recordings. (Bailey 1994) In this case methods of content
analysis are useful.
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Application in emergency management

The method observation raises questions on the one hand about the involvement of
the observer and on the other hand about participants’ awareness of the observation
and whether behaviour or routines change due to the observation.

In the context of a real emergency event participatory observation of a first responder
is hardly possible, not reasonable and raises ethical, legal and social questions. In
some parts of training exercises, which prepare responders for upcoming
emergencies, it is possible to be involved. Participation helps to better understand the
participant’s actions and the complexity of the task to be performed, but hampers a
structured recording of the incident flow.? For facilitating recording records and
documentation of observation, the national research project RescuelLab® used and
developed equipment and methods for semi-automatic recording of exercises.

Strengths and weaknesses of the method

Participatory observation enables the observer to gain insights in participants’ actions
(complexity of tasks, emotional stress etc.), but the non-participatory observation
enhances comparability of observation results and enables the observer to address
specific research questions. Use of IT-supported methods to record (e.g. video) can
promote a balance between direct, non-participatory and indirect observation (only
based on records).

4.6.4 Focus groups
Aim and applicability of the method

Focus group discussions represent a special type of interview. It is a qualitative
method for data collection. A small group of people (3 — 12 participants) are focused
around a particular topic and a moderator leads the discussion, which typically lasts
about 60 to 90 minutes. (CDC 2008, Freitas et al. 1998, Remenyi 2011) Beside this
basic version of a focus group discussion a few assorted alternatives exist. The most
common ones are: Two-way focus group, dual moderator focus group, duelling
moderator focus group, respondent moderator focus group, mini focus group and
teleconferences or online focus groups. (CIRT 2017)

A focus group guide presents the basis of the discussion and a facilitator serves the
guide as a memory aid and provides a road map. It contains the identification of
group members, the type of information that needs to be obtained and how the
information collected will be used after the discussion. In the group interview the

2 The training exercise “Stein der Weisen” 2011 in Dortmund is an example of UPB stuff
conducting a non-participatory observation. A large-scale Chemical, Biological, Radiological
and Nuclear (CBRN) incident was the basic scenario for the training exercise. Other training
exercises, which were observed, include activities at the training centre of the fire department
of Dortmund and at the “Akademie fur Krisenmanagement, Notfallplanung und Zivilschutz”
(AKNZ) served from the Federal Office of Civil Protection and Disaster Assistance (BBK).

# UPB was a project partner of RescuelLab. The overall aim of the project was to establish
innovative education and training methods to support civil first responders.
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moderator asks questions about perceptions, opinions and attitudes of participants
towards the topic. The method aims at enabling the researcher to obtain data from
multiple participants in an efficient way. The participants get the chance to locate
their priorities, contrary opinions to other participants and, in addition, make use of
communication approaches and other creative methods to reach other dimensions of
the topic. (CDC 2008, Freitas et al. 1998, Remenyi 2011) So the interaction between
the participants constitutes the most important difference by comparison to other
types of interviews. (Kitzinger 1994)

Application in emergency management

This method was used in several research projects to collect information from a
group of advisors or experts in a specific field. The group is sitting at a round table.
The moderator asks open questions and leaves the discussion to the participants. In
particular in European research projects different perspectives on processes,
regulations or organisational structures with regard to the involved countries have to
be discussed and considered. There is also the opportunity to use this interview
method as a closing session after advisory board workshops to have a final
participants-oriented discussion about the presented content.

Strengths and weaknesses of the method

This method is very helpful when there is a need for a larger number of interviews
with different kind of experts. Furthermore, discussion helps to gain insights into the
various perspectives of first responder or crisis manager to a specific topic. Focus
groups are very popular, because the method is can be quickly and easily applied.
But the most important advantage is the group dynamic emerging during the
discussion. So information can be collected, which cannot be gathered through
bilateral interactions with individuals. A challenge is that discussions can easily be
dominated by a few individuals. Therefore, participant selection is very important. The
analysis of the results is very time intensive and the results are always not
representative. (CDC 2008, Freitas et al. 1998)

4.6.5 Guided expert interview

Interviews can be conducted in different ways. Interviews are a verbal conversation
between the interviewer and interviewee. They can be used to find out about
opinions, experiences, motivations and knowledge of the interviewee. Interviews can
be conducted in a guided way (e.g. as scenario-based interviews), self-regulated or
narrative interviews or focus groups. Focus groups use group dynamics to generate
qualitative data.

Aim and applicability of the method

Experts are persons who have special knowledge and information about a specific
field. They are frequently responsible for the development, implementation or control
of solutions, strategies or policies at a company or agency. (Littig 2013, Meuser,
Nagel 1991, Van Audenhove 2007) Expert interviews aim to get access to this
specific information and expert knowledge relating to the underlying topic. Expert
interviews are popular because they enable data collection about technical details or
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processes. (Littig 2013) here are three types of expert interviews that are aimed at
different knowledge fields. Explorative expert interviews are conducted to obtain
specific technical information, like details on operations, laws and influencing fields.
The second expert interview type is the systematizing expert interview. This type
focuses on process knowledge. The expert should be directly involved in the process.
So that he provides information about routines, specific interactions and processes. It
“aims at the reconstruction of expert’'s special objective knowledge” (Van
Audenhoven 2007). The third type is the theory-generating interview, which is
conducted to obtain explanatory knowledge. The interviewer gathers information
about the expert’s subjective interpretation of relevance, rules, beliefs and also ideas
and ideologies and their inconsistencies. (Van Audenhoven 2007)

Before an expert interview starts the interviewer has to determine his role during the
information exchange. He can decide to be a co-expert, expert outside the research
field, a layperson, an authority (operator), a confederate with common normative
background or a potential critic. (Littig 2013, Meuser, Nagel 1991, Van Audenhove
2007)

After the actual interview, data has to be processed and analysed. Six steps have to
be conducted: transcription, paraphrasing, headlining, thematic comparison,
scientific/ sociological conceptualisation and theoretical generalisation. (Bogner,
Littig, Menz 2009, Littig 2013)

Application in emergency management

Scenario-based interviews are a specific form of expert interviews. This particular
interview type requires sharing of expert knowledge regarding all three knowledge
dimensions (technical, process and explanatory).

This interview type follows the specifications of a dedicated scenario and aligns
questions in order to provide an interview flow based on realistic events. The aim of a
scenario-based interview is to obtain specific information on the respective topic.
(Remenyi 2011) The questions address all significant steps in a process. So the
interviewer can obtain in-depth information around the general topic and gain further
information about individual ways of dealing with problems in a given scenario.

Scenario-based interviews support understanding users’ application of a system or
topic in their field. Furthermore, it is possible to reduce the complexity of the set-up
during the interview.

Such interviews are often used in research projects. One example being the research
project AirShield, which deals with the use of UAVs (unmanned air vehicles) to
measure the spreading of dangerous substances in a three dimension way. In the
evaluation phase it was the aim to gain valid responses to design questions and
realisations from first responders and operation commands. This forces the research
team to define a balance between real exercises but also to interview experts in a
laboratory set-up without losing the context. In the context of AirShield this was done
by scenario-based interviews including a dedicated software to simulate the flight of
drones and spreading of substances in the overall AirShield-system.

This is a checklist to be used before starting an interview:
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e Goals and research questions need to be defined from the project perspective.
e Overall scenario needs to be selected.

» Key factors need to be defined which mean a change in the reaction of first
responder or operation command.

» Scenarios need to be elaborated including the flow / funnel of the scenario.
e Set-up for the interview and recordings need to be defined.

With a backup of all high-level topics it could be ensured to raise all relevant
questions during the walkthrough of the scenario but also leaves space open to
collect information about missing data, needs for other functions in that context.

Strengths and weaknesses of the method

Important for applying this method is a close contact to relevant stakeholder
beforehand to build up realistic scenarios to raise the right questions during the
interview. This method is a combination between the scenario analysis and a semi-
structured interview mechanism. This forces the researcher to work out content for a
realistic scenario and ensure to embed the research questions in the defined
scenario. The method is useful especially at later stages of the project and is not
used without prior knowledge about the working context of a specific emergency
responder. In this process the experts are very important for the project, because
they have valuable acquaintance of aggregated and specific knowledge (e.g. about
processes, group behaviour, strategies). Furthermore, experts always network with
other expert in their fields, so that the information exchanged and points of view of
others can also be considered in the interview. By applying this method the
interviewer gets information, which are difficult to obtain through other methods. But
one has also to take into consideration that expert knowledge is not neutral.
Therefore, it is a challenge to deal with anecdotal and illustrative information. (Van
Audenhove 2007)

4.6.6 Criteria weighting

The application of MCA approaches for assessing systems’ performances requires
the weighting of the evaluation criteria selected. Various weighting methods are
available, such as the Swing weight approach, point/budget allocation, ordinal
ranking, pairwise comparison (from Saaty’s Analytic Hierarchy Process), importance
scales or importance-impact range graphs.

Point allocation seems to be the most intuitive approach. Users and/or decision
makers are asked to allocate 100 points among the all criteria used for the
evaluation.?* This approach is based on the assumption that decision situations are
quite similar to the allocation of a given (financial) budget, i.e. (financial) resources
are spent on items in accordance with their relative importance. It is assumed that
many users and/or decision makers are quite familiar with such kinds of allocation. In
the literature it is conceded that this approach is easy to comprehend and apply. Still,

4 For more information see OECD (2008, p. 96).
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it is argued that weighting criteria without knowing their specific unit and score range
can be inaccurate or - at worst - meaningless (Malczewski 1999).

Therefore, methods such as Swing weight approach are recommended, which also
consider the range of the criteria values for determining the relative importance of
criteria.?® The rational of this this approach is that even though a criterion might be
particularly relevant compared to another, if the performance scores of the
alternatives assessed for this very relevant criterion do not substantially differ, these
small criterion value differences should not have a disproportionately high impact on
the final result. Applying the swing weight approach obviously does not exclude the
opportunity that small differences in criterion scores intentionally have a big impact
on the final result, if these are considered to be fundamentally important for the
performance assessment.

So there is a trade-off between ease of application and accuracy of the weighting
methods: Rating and ranking require less effort but lack the theoretical foundation of
more sophisticated approaches such as the Swing weight method or pairwise
comparisons, which in turn may lead to more precise results but are more laborious
(Malczewski 1999). For practicability reasons we suggested to use the former
approach to select suitable and feasible evaluation criteria and indicators and to
apply the Swing weight approach for determining the relative weights for the
aggregation of single performance aspects for the assessment of the overall
performance of A4ADEMOS compared to the existing disaster risk management
systems.

4.7 Step 6: Data aggregation and analysis

4.7.1 PRIMATE

Data aggregation and analysis can be substantially facilitated by the use of software
tools. The tool PRIMATE, which is an interactive software for Probabilistic Multi-
Attribute Evaluation, allows for the comparative assessment of alternative options by
means of CBA and/or MCA, considering different kinds of uncertainty.

The software’s CBA module supports the identification of the most efficiently
performing alternative on the basis of the options’ net benefits?®®. Discounting has to
be done prior to the use of PRIMATE.

The MCA module is based on the outranking concept PROMETHEE (Preference
Ranking Organisation Method for Enrichment Evaluations), which performs a
pairwise comparison of all alternatives identified across all evaluation criteria.
Alternatives, i.e. the baseline and the ex post scenario, form the rows and evaluation
criteria form the columns of the evaluation matrix. In the first step the preferences of
the users and/or decision makers, which were investigated in the data collection
process to generate preference functions for each criterion, are used to transform the

% For a detailed description see e.g. Malczewski (1999), RPA (2004).

% More detailed information on CBA decision rules is provided in section 4.5.1.
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differences in criteria values into preference values ranging from 0 to 1. On this basis
a partial preference matrix is computed for each criterion. In the next step a total
preference matrix (TPM) is computed as a weighted sum of the preference matrices
of all criteria. Analysing the TPM the so-called leaving flows or outflow of an
alternative can be computed by calculating the sum of the total preference values in
each line of the TPM. This outflow can be interpreted as sum of “positive votes”, i.e.
the preferences for the respective alternative over the other option(s). Alternatively
the sum of the so-called entering flows or inflow can be calculated as the sum of the
column values of each alternative. This inflow can be interpreted as sum of “negative
votes”, i.e. the preferences of all other alternatives over the respective alternative.

When applying the decision rules of PROMETHEE |, alternatives are now ranked
either based on the basis of their inflow and/or outflow. This means options are
ordered from the one with the lowest/highest (=best) to the highest/lowest (=worst)
inflow/outflow. If no incomparabilities between alternatives with regard to particular
criteria exist rankings are perfectly invers.

If users and/or decision makers are interested in the net performance of an option,
i.e. compensation of negative performance aspects by positive ones is allowed for,
then the decision rule of PROMETHEE Il can be applied. This version of the
outranking concept ranks the options based on the net flows, i.e. the difference
between outflow and inflow.

Figure 10 gives an overview of the application of the outranking concept
PROMETHEE |II.

Multi-Criteria Matrix Total Preference Matrix
+ (D‘
cl CZ c3 Cn Al | AI Am ‘
A PosItive
Al ‘ 1 untf\g
——Lu» A |
AI A1 Az An 2 ! |
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m A TV | 2 1
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Figure 10: Overview of the application of the outranking concept PROMETHEE Il
Note: Ai={A1,...,Am): Alternatives; Cj={C1,...,Cn}; Set of evaluation
criteria; ¢ Inflow; ¢*: Ouflow.
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PRIMATE allows for the simultaneous and explicit consideration of the varying
preferences of different users and/or decision makers for each criterion (= weights).
Depending on the information at hand PRIMATE can use three different weighting
methods.

» Global weighting, i.e. drawing of weights is completely random;

» Ordinal weighting, i.e. no assignment of specific weights, PRIMATE randomly
samples numerical weights which are compatible with specified rank order
specified by one user or decision maker;

» Cardinal weighting, i.e. assignment of precise numerical weights, e.g. by using
the swing weight approach.

PRIMATE can consider uncertain information about alternatives® performances
regarding single criteria probabilistically. The tool offers two ways to do that.

One possibility is to include uncertainty in the preference function. In this case
PRIMATE uses a given range of criteria values to calculate a probability distribution
for each alternative and each criterion. Then it performs pairwise comparison of these
probability distributions. The rationale is that (1) if there is no overlap of these
distributions then there is strict preference for the superior option and (2) if score
ranges are overlapping but the mean value of one distribution is higher, depending on
the specific preference function a preference value between 0 and 1 is assigned. This
means that differences between options are transformed into preference values by
the use of a stochastic preference function.

The second option is the use of Monte-Carlo simulations. This means that
uncertainties are not included in the preference functions, but several PROMETHEE
analyses are performed for a random sample of criterion values within a range to be
defined.?” This range can be specified as uniform distribution (minimum, maximum
value), a triangular distribution (minimum, most likely, maximum value) or any other
probability distribution, e.g. being the output of some model. PRIMATE randomly
selects values out of the defined range and runs up to 10.000 MCAs. Results of all
evaluations are then statistically analysed (arithmetic mean, standard deviation,
ranking order) and documented. On this basis it can be stated that with a certain
probability option A is the best performing alternative when considering all
performance aspects and their relative importance as specified by the weighting set
used.

If using the second option effects of the varying preferences and the uncertainty
ranges of criteria values are documented in the final results. The results of the MCA
are presented in PRIMATE in various ways. This includes not only the overall
performance of an alternative considering all criteria and preferences but also its
strengths or weaknesses with regard to a specific criterion or for specific users’ or
decision makers’ preferences. This provides more insights in the evaluation results
than the bare interpretation of ranking probabilities.

* For a guided tour offering comprehensive information on the methodical foundations of
PRIMATE as well as practical advice for its use see Drechsler et al. (2009).
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Summarizing the MCA with PRIMATE in a nutshell: The use of PRIMATE requires
the identification of alternative systems to be compared and a set of evaluation
criteria to be defined. The preference functions (indifference threshold, threshold of
strict preference, shape of the preference function) for each user and/or decision
maker and every criterion have to be specified®®. The weight of every criterion has to
be determined for each user and/or relevant decision maker in accordance with its
relative importance. Data on the performances of the systems with regard to each
evaluation criterion has to be collected. All this input data is entered into PRIMATE,
which calculates rankings that provide probabilistic information about the best
performing scenario, i.e. disaster risk management system.

Figure 11 gives an impression of the PRIMATE data matrix, treatment of uncertain
input data, weighting functionalities as well as options to display evaluation results.
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Figure 11: Main steps of the application of PRIMATE in the context of
ANYWHERE

% For details see Drechsler et al. (2009, p. 3, p. 18-19).
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6 ANNEX

6.1 Validation measures to assess the different aspects of forecast
quality

The Brier Score (BS) is the most common verification measure for assessing the
accuracy of probability forecasts. The score is the mean squared error of the
probability forecasts over the verification sample, BS is a so-called negatively
oriented score, i.e. it ranges from 0 for a perfect forecast to 1 for the worst possible
forecast outcome. Brier Scores of different verification samples should not be
compared with each other unless the score is decomposed into three different terms
(not shown here) representing the reliability, resolution and uncertainty attributes
mentioned above, enabling a more detailed analysis of the verification results.

The Relative Operating Characteristic (ROC) is a widely used, popular method
originating from signal detection theory to assess the performance of a (probabilistic)
forecasting system to distinguish between the discrimination capability and the
decision threshold of the system. The ROC curve is a graphical representation of the
Hit rate (H; observed events that were correctly forecast) on the y-axis against the
False Alarm Rate (F; number of false alarms given the event did not occur) along the
x-axis for different potential decision thresholds. Graphically, the ROC curve is plotted
from a set of probability forecasts by stepping a decision threshold (e.g. with 10%
probability intervals) through the forecasts, and each probability decision threshold
generating a 2*2 contingency table. Hence the probability forecast is transformed into
a set of categorical “yes/no” forecasts and, consequently, a set of value pairs of H
and F is obtained, forming the ROC curve. It is by default desirable that H is high and
F is low. Therefore, the closer the point is to the upper left-hand corner of the graph,
the better the forecast system. In a hypothetical perfect world there would be only
correct forecasts with no false alarms, and a perfect forecast system would then be
represented by a ROC “curve” that produces a single plot on the upper left-hand
corner of the graph.

An attractive and widely used relative summary measure based on the ROC diagram
is the ROC area (ROCA), which represents the area under the curve. ROCA is
defined as =1 in a perfect forecast system and would decrease as the curve moves
downward from the ideal top-left corner position. A useless forecast system with
zero-skill is represented as a diagonal line, when H=F and, consequently, the ROC
area is 0.5. Such a system cannot discriminate between occurrences and non-
occurrences of the event.

The ROC (Relative Operating Characteristic) area (ROCA) and the Brier Score (BS)
of the RAVAKE products (Section 2.1) were computed for the period 2007-2010. The
accumulation period of precipitation was 12 hours. The forecasts are considered
practically useful when the values of ROCA remain above 0.7. The results for the BS
showed larger year-to-year variations than for the ROCA. The results indicated that
the ECMWF EPS provides, in general, a solid basis for probabilistic precipitation
forecasts and warnings. However, a calibration procedure is needed in future. These
results indicate that the information from the ECMWF EPS system is useful on a daily
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level until 6-7 days ahead on average. The ROCA results showed that forecasts, with

the given thresholds, are useful up to 3-4 days ahead, and these 6-hourly statistics
indicate that the system is useful.

6.2 Additional tables
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Table 9: Overview of criteria for assessment of software quality based on ISO/IEC 9126-2 and
ISO/IEC 25010

Functionality Functional suitability
Suitability Functional appropriateness
Accuracy Functional correctness
Interoperability Functional completeness
Security

Efficiency Performance efficiency
Time behaviour Time behaviour
Resource utilisation Resource utilisation

Capacity

Maintainability Maintainability
Analysability Analysability
Changeability Modifiability
Stability Modularity
Testability Testability

Reusability

Usability Usability
Understandability Appropriateness recognizability
Learnability Learnability
Operability Operability
Attractiveness User interface aesthetics

User error protection
Accessibility

Reliability Reliability
Maturity Maturity
Fault tolerance Fault tolerance
Recoverability Recoverability

Availability
Portability Portability
Adaptability Adaptability
Installability Installability
Co-existence Replaceability
Replaceability
Security
Confidentiality
Integrity
Non-repudiation
Accountability
Authenticity
Compatibility
Co-existence
Interoperability

Note: Red marked criteria were deleted; green marked criteria were added; blue marked criteria were
renamed.
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