INNOVATION FOR GLIMATE RESILIENGE

Towards Societal Adaptation & Sustainable Transformations
with BEST PRACTICE Solutions
in Flood Risk Management & Governance
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Innovation for Climate Resilience: Towards Societal Adaptation and Sustaifi@nsformations with Best Practice

Solutions in Flood Risk Management and Governance

Technological change and innovation are increasingly seen as being able to provide solutions to addressing flood t
and fatalities caused by accelerating climate changget, associated stakeholders face divergent challenges: 1)
Stakeholders tend to act in isolation creating silos in flood risk management and governance; 2) Public sectol
challenged in moving forward with flood prevention and siqmlepose solutions3) Citizens are still waiting to be
connected to the flood risk management domain and facilitated to contribute; and 4) Entrepreneurs with potentic
useful ideas need experimenting with the possibility of multiple value creation that stems frorstakatiolder
collaborations.

To update stakeholders on new technologies which could alleviate the aforementioned challenges and transc
stakehol der s’ ' i mitations, this research brings f
innovatons introduced by public, private and social sector across five stages of disaster risk management of the Sel
Framework: Prevention, Mitigation, Preparedness, Response and Recovery.

Case studies for the social and public sector were identified theosyggtematic literature review. Surveys with
each set of key stakeholders were conducted to better inform the literature review and help select appropriate prac
for each stakeholdestage combination. Foundation for the case studies on the pricade Sakeholder group is laid
by a systematic search of relevant keywords in news media and grey literature. Withrtteesional selection criteria
for each stakeholder, the sot¢&chnological solutions were selected. For the private sector: theirmosttive,
impactful and profitable technologies (developed or employed). For the public sector: the meffectge, feasible
and equitable solutions were chosen. And finally, for the social sector the criteria a proven model with the followir
criteria was employed for selection: Communication, Coordination and Cooperation.

Interviewed stakeholders involved in the public, social and private sector uncovered the following: even thoug
these cases are best practices with respect tedhmeehsional ateria, there are still multiple barriers in place for their
effective and efficient implementation. An overly differentiated and siloed modus operandi towards flood risl
management and governance challenges experimenting with developing mutual trusderstanding of each
stakehol der s’ priorities and abilities. Al though ¢t
communication gaps between citizens and technical expertise, manypstatruggle to access sufficient furglio
fully pilot test emergingorscalep proven technologies. Managing st ak:é
dialogue platforms to surpass current barriers is deemed as paramount in ensuring effective and efficient use of comk
capacitiesand capabilities. Stakeholder inclusivity and accelerated collaboration through data, digitalisation an
transparency allow all relevant stakeholders to utilise technological change and innovation as a leverage to achi

positive returns on flood risk magement and governance to enhance potential outcomes for all.

Keywords:
Technology, Bespractice, Floodlisk Management, Mukstakeholder Collaboration, Multiple Value Creat;

Challenges and Opportunities, Climate Adaption, Sustainable Technology Solutions



; using stat-of-the-art technology to enable efficient
|ntr0dUCt|On governance for DRM” (00 et

In an era of climate change, adaptation to the increadBif research aims to highlight best practices relevant to
risk of disasters is essential in achieving the developméhg manifold stakeholders involved in floogk
outcomes as prescribed in the Sustainable DevelopmBHgnagement. It intends to further provide aerview of
Goals by 2030 (United Nations General Assembﬁll"'e current challenges faced by these stakeholders as well
[UNGA], n.d.). The Sendai Framework rkad a key as summarise their expectations and underscore future
change in the approach to disasisk management outlooks of the sector as a whole. The scope of this
[DRM] globally, advocating the need for botteup research is intentionally kept at a broadly international
management and mubtakeholder integration (United '€vel to ensure its gicability and utility to the maximum
Nations Office for Disaster Risk Reduction [UNDRR]MUmMber of actors as possible and to avoid a myopic
2015). Floods are among the disastehictv affect the regional/EureAmerican focus. This also allows for
largest number of people worldwide and continue {®ultiple possible directions for future research.
deteriorate due to increased urbanisation and worsening
climate globally (Centre for Research on th&onductof the project/ Research Process
Epidemiology of Disasters [CRED], 2019). While therd his research projectsiconducted in the realm of a
have been many tried and testechtexogies and diverse universitywide undergraduate research excellence
stakeholders with a myriad of technical and #echnical Programme. The project under which we conduct our
capacities, there is a lack of knowledge of the potential &¥s€arch is Innovation for Climate Resilience and our
these technologies in managing floods leading to chromarticular research is the first of several semdetey
underinvestment from multiple stakeholders. research projs under the supervision of senior

First, stafups aiming at multiplealue creation researchers from the United Nations University in
are often hampered by additional complexities beyorMaastricht. We, therefore, aimed to lay a sound foundation
financial constraints. This seems to be particularly true f8¥ developing an appropriate methodology for reviewing
areas in floodisk management, given their rigkone current and innovative technologies. We developed and
nature. Social and environmental entrepreneersgive conducted a qualitative megynthesis (adopted to social
institutional challenges, including financial resources &¢iénce research). This qualitative rreyathesis was
administrative burdens, to be higher than norm&PMplemented by surveys to better manage the vast
entrepreneurs (Hoogendorn et al., 2019). Furthermofdnount of relevant case studies. The second step in this
students often disregard social entrepreneurigundation project was to point out roars and
opportunities due to multiple factormne of which being expectations of key stakeholders within and beyond the
lacking knowledge about profitable opportunities (Titko dflentified best practices. The insights identified from a
al., 2022). Finally, SMEs and entrepreneurs, in generHP,ematiC analysis of serstructured interviews will a)
face regulatory obstacles, administrative burdens aR@int out relevant topics for subsequent research projects
difficulties with digitalisation, which could be related to £"d b) be synthesed within this current project to present
lack of technological innovation in risgrone sectors like Meaningful conclusions to relevant stakeholders.
flood management (EC, 2020).

Second, many governments often have poorf*Pected Use of Results
designed policies, are unable to follow through ohhe purpose and use of this report is twofold; First, it
implementation or lack comprehensive strategiégowdes concrete use to the three key stakeholders
altogether. Third, citizens'@ often brought into disastersidentified. For the policy md social sector, it highlights
during the response phase or entirely excluded kst practices which could be replicated or adapted to local
stakeholders with agency, instead being deemed as drfjptexts globally for enhanced floogk management.
victims. Thus, there is often a lack of dialogueThe best practices identified in the private sector aim at

coordination and inclusion of the perspectives of all the§BoWing that technologies for flood management twan
actors tabetter tackle flood risk. turned into viable businesses. They also show the

Hence, there is preliminary agreement betwediallenges of prior projects and how they were overcome.
previous research that there is a need for betiprriven  1he entrepreneurship case studies furthermore point out
di saster management: *“ Folthecgstyforadogtiongndpqssibjtiessiar scaling gagwelt
focus should be on identifying best practices related 8 Meaningful investors ooltaborations.
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Similarly, all best practices include barriers and The first four sections lead to concludethwa
expectations which were informed by interviews. Thedeeview Question which will then inform the
go beyond the current literature to point out possibilitiedethodology.
for improvement that stakeholders who aim to adopt the The Methodology is the last section which
best practices canka into account and possibly take as axplains indepth the research process and methods
first step to improvement. The report also acts as a ba&seployed to ensure transparency and create replicability
for future research processes as described in the respeaividis report’s findings.
section. Finally, the report includes an extensive
discussion section that brings the insightshd meta . e
synthesis and the key themes identified in the interviews. Definition of key ConceptS
together to already point to solutions of how to manage
barriers and expectations among stakeholders. This .
section points out challenges and expectations wi 1. Disasters
emerging solutions. The United Nations Office for Disaster Risk Reduction
The reseah project should allow actors within and( UNDRR) defines a disaster
beyond academia to gain an insight into the gene@ly mmuni t y or society” cau.

complexities of technologies for floatsk management jieracting with conditions of exposure, vulnerability and
which they can extrapolate/contextualise to their PUrPOS&naciy .  Di sasters have humar

environmental impacts. Defining key terms is crucial in
gaining a proper understanding of the above definition.
Disasters can be further categorised according to various

Conceptual Framework '@') typologies. The Sendai Framework cpigses disasters

I I I based on their scale. This includes the magnitude
Includin a Technalgical ’
g g frequency, and speed of onset (UNDRR, n.d.). Disasters

Review (2) & Methodo|ogy (6) can also be categorised depending on whether they are
natural (such as earthquakes) or maade (factory

The purpose of this section is manifold from providingccident). This causal amgsals however could be

contextual background and an introduction into the fieldebatable depending on the disaster in question (Sawalha,

to clarifying this report’s underlying assumptions with th2020).

end goal of identifying a review question. $lis achieved

by conducting a theoretical reflection of relevant concepts

employing a review of relevant literature. .
The first section of the conceptual frameworkg"z' Vulnerablhty & Hazard

determines key concepts to lay a base of understandig@ven the definition of disaster, it is crucial to clarify the
These clarifications range from aadic definition of definition of the words hazard and vulnerability as they
Disasters (1.1.) over using the concept of resilience agsh be used interchangeably. A hazard refers to a
metacriterion (1.4.) to defining stakeholders and theshenomenon/activity which leads to the loss of human life,
abilities and interests. injuries and negatively ingTts health, property, the
The second section will explain why this revieveconomy, and the environment. Hazards can originate
employs technology as a Lens. This sectionitna brief, from natural, anthropogenic or a combination of both
yet recent outlook of technologies as discussed d#auses. However, anthropogenic hazards only include
academic literature and the disaster sector from ROman activities and choices which lead to hazards rather
industry perspective. This shall ensure a holistian the riskof social conflict. A socienatural hazard is
foundation for a review of technologies in the publicgne which has both natural and anthropogenic causes.

private and social sector. Vulnerability on the other hand is defined by the extent to
The thrd section argues for the usage of bes{yhich an individual/community is susceptible to damage
practices to achieve the goals of this research. by hazards. These are determined/influencéey

The fourth section explains why flood disastergnderlying social, environmental, economic, and physical
were chosen as the focal point of the sdeithnological factors/processes. Thus, a clear distinction between the
solutions review. underlying risks/causes and the potential to impact is seen.
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Hazards are defined by their potential to impact a givém DRG attain a certaitevel of DRR (UNDRR, n.d.).
individual/communiy  while vulnerabilities actually Thus, itis attempted to govern the risk in order to reduce
determine the extent to which a hazard impacts titdoy managing these risks and hazards. Therefore, through
individual/community in question when it occurs. Takinghis review, management processes should be highlighted
the above definitions and distinction into account it appeéspecific strategies) from a governance perspective
that disaster risk is a product of hazards interactiith (general system/context)

vulnerabilities (UNDRR, n.d.). Differentiating between
the definitions of hazard and vulnerability would be usefi
to our research. This distinguishing will allow us to lool
at whether technology addresses underlying hazards
eliminating them or ifthey reduce vulnerabilities. To
exemplify, new building reinforcements could address tt
vulnerability of structures to earthquakes, however
cannot address the underlying risk of an earthquake.

Disasters

1.3. Disaster Risk Terminologies

For addressing disasters as well as the underlying cau
which have been identified as hazards ahd vulnerabllltl%ﬁ.-,gure 1: Extracted part of originally created Conceptual
three common terms appear to be used interchangeablydimework (lllustration of Disaster Terminology and
both academic and neacademic circles: DisastenidR  Concepts) of researchers of this refort
Management (DRM) vs Disaster Risk Reduction (DRR)
vs Disaster Risk Governance (DRG). T

Despite their interchangeable usage, they ha\:/léf4' Resilience
different denotations. DRR involves simultaneousliow that it is clarified what disaster is and different ways
reducing existing risk and preventing future, new disastgf coping with it, a new question to address is: how can
risks. Itfurther entails managing residual risks that remagpe outcomes of DRM processes be evaluated? Is there a
after DRR activities take place. DRG entails the systemgmgle measure that can be utilised? The term resilience
in place to conduct DRR. This includes mechanismgas ubiquitous in DRM literature. This prompted our
policies, legal means, institutions, and networks whiGRyestigation into the use andtérpretation of resilience.
guide, manage and coordinate DRR initi@s$. Therefore, Therefore, this report conducted a brief review of the term
DRR could be thought of as an objective and DRG as thssilience, its heterogeneous interpretations due to its wide
means to achieve DRR. DRM, however, has a narrowgfe in academia as well as in the Sendai framework. Thus,
definition which is related to the aforementioned DRR anfle researchers conclude that resilience iappTopriate
DRG. DRM is defined as the implementation of policiemetacriterion for our bespractice criteria framework.
and strategies to aelve DRR. DRM is broadly classified The UNDRR (n.d.) defin
as either prospective, corrective, or compensatoRpbility of a system, community or society exposed to
Prospective DRM focus on preventing the emergence @dzards to resist, absorb, accommodate, adapt to,
future disaster risks or the exacerbation of existing riskgansform and recover from the effectsaohazard in a
Planningbased solutions take dominance in this type @imely and efficient manner, including through the
DRM. Corrective DRM involves reducing or eliminatingpreservation and restoration of its essential basic structures
current disaster risks and usually entails retrofitedind f uncti ons through ri sk
solutions. Compensatory DRM pertains to seciqse of the word resilience varies in nature and involves
economic resilience given residual risk which cannot Rgried connotatins depending on its use. Investigating
reduced. The nature of solutions includese thand clarifying this concept would facilitate proper
establishment and strengthening of semmonomic safety direction in our research.
nets and investing in preparedness, response and recovery.  One lens through which resilience is viewed is by
Thus, it can be observed that DRM is the process througsociating it with another concept or by focusing its
which the system of institutions and individuals involvegelevance to a specific themeh& use of resilience along

7



wi t h “soci al , ur ban’ , ordanisatpahgoist et view mithla’ focus oOnf sirategia ¢
‘“community’ i's observab| avareness as wdll s tha la af eesources aadhcdpaciies
academic publications. What resilience entails appearstotheir contribution to resilience (Fan & Lyu, 2021).
vary depending on which kind of resilience one focusdsher e i s no “one size fits
on. Simlarly, the nature of the concept of resilience als@silience reflecting its contextuality (Keating et al., 2017)
gradually changes over time. The concept of resilience appears to take various
Urban resilience was previously associated wittorms and often involves a circular logic where the term to
“bouncing back’ t o {ikaster dadefmed is tlso Ipdrt ©f the defanition. Toetuddate, the
known as the conservative approach. However, reca&mnception of commurytresilience as proposed by Fan &
publications and sdarly discussions increasingly Lyu (2021) also makes use of organisational and cultural
embraced the idea of *‘ b o tesiliencenag a domponeat that conttibates ao comenunitys
state postlisaster which is termed as the transformatiwesilience. The various forms of resilience in relation to
approach. The rising salience of the transformatM@RM and its diverse application reflect its
approach coincides with that of climate change amdultidi sci pl i nary natur e. Th
adaptabn (Chelleri & Baravikova, 2021). The conceptuatloudiness and versatile applicability is observable. Given
ambiguity of resilience allows for the integration othese factors various definitions of resilience tend to
diverse stakeholders around a common goal but hampgaestray it as an objective, a means to an objective or an
the measurability of t he udderlyingcansal factorUimdicedj & lack ®fscontepteah c e
to the ability of an urban systeamd d its constituent precision. As highlighted previously the use of circular
socioecological and sociechnical networks acrossreasoning is also prevalent. The
temporal and spatial scalesmaintain or rapidly return to interdisciplinary/multidisciplinary nature of the concept
desired functions in the face of a disturbance, to adapti@y also result in contradictory definitions. Finally, the
change, and to quickly transform systems that limit curreodntext to which the ideaf resilience is applied also
orf uture adaptive capacit wignificaMe iefluemces what resilience acullyl éntails.p p
The above definition broadly incorporates varioug/hile they may be viewed as theoretical setbacks, the
conceptions of urban resilience which vary regarding theiersatile applicability of resilience as a concept allows it
notions of equilibria, adaptation, spatial scale (citietp capture both the tangible, physical facets of a
sociceconomic networks) and t@uoral scale (time technology as well as the intangible, seicistitutional
periods). The definition of urban resilience continues @spects of its application in DRM. One possible
evolve as scholarly interest grows (Meerow et al., 2016jramework with which to view resilience is to base it on
The concept of resilience in terms of a communityontext and application. Scale, chronological and societal
has gained academic interest over the past two decadefaddors contribute to the contekt which resilience is
community is lboadly defined as a set of individuals withdefined. The perspective through which it is applied are
a common uniting factor. This common factor could beither structural (physical), institutional or sogiolitical.
location, ethnicity, employment, or income levelski nal | y, the mode through
Furthermore, community resilience is not considered aperates include physical properties, systemic preserti
the sum of its indivitdada lorgoverrmestal rdcesses (MacAskilerGaterie,2014). |
product of individual and organisational resilience (Fan & Keating et al. (2017), propose a possible
Lyu, 2021). A generic definition states that it is the abilitframework to measure resilience using five forms of
of a community to mitigate, withstand and recover frome@apital (5Cs) and four characteristics (4R). Capital is
given disaster. This involves both existing disaster risk akssified as five forms, namely: physical, sdchuman,
well as titure possible risks. (Saja et al., 2021). Howevematural and financial. Financial capital refers to the
the exact definitions and factors that contribute tdiversity of income courses and access to financial
community resilience vary depending on the perspective@sources. Natural capital is essentially the natural
is viewed from. For example, public health perspectivessources available in a given place. Physical capital refers
focus on network and health infrastture adaptability to infrastructure andvailability of physical equipment in
while from a sustainability standpoint the focus is on thtiee event of a disaster. Human capital refers to the skills,
development of community resources in a context eflucation, and health of all individuals in a given
uncertainty. Bibliometric analysis shows that communitglace/community. Social capital refers to the networks and
resilience is often used in the context of DRM. Curremitegration of ideas/resources within a givammunity

conceptions of community resilience include anand their level of institutionalisation. The establishment
8



and maintenance of all these five forms of capitéleterogeneity of the definitions of resilience, it is similar
contribute to resilience against disasters. The qualities the definition used by UNDRR (n.d.), indicating the
these capitals must fulfil are further defined through thealidity of these definitions. Therefore, resilience will act
use of 4Rs, which ra as follows: redundancy,as a metariterion linkingthe various aspects of our study
resourcefulness, rapidity and robustness. Redundarmnd as the central measure to determine best practices.
entails the extent to which alternative systems and

mechanlsms exist to fqu|.I a given objectlve/functlorj_.s Disaster
before, during or after a disaster/shock. Resourcefulness™ -

includes theability to use available resources to botDefinition
identify problems/risks and take necessary actions t

prevent, mitigate or recover. Rapidity is defined by th‘g%ere is substantial literature about disaster management

capacity with which objectives are met and function"’lsnoI models regarding DRM (Oh & Lee, 2020; Novajan et

. . o al., 2018). Undrstanding the classification of disasters is
restored in a timely manner to minimise damage.

Robustness refers to the ability of a system to withstafd” seful starting p0|n.t. There are maladg anq natural
|sasters. Mamade disasters refer to sotexhnical and

shocks and damage without compromising its function _ _
. warfare disasters such as wars, factory/plant failures and
and outcomes (Keating et al., 2017). . .
: . . transport failures. Natural disasterefer to those from
Drawing from the above discussion, the

complexity, heterogeneity and contextuality of resilienc%atural causes and broadly are classified under hydro

as a concepan be observed. However, there are some e teorological (floods), gephysical (earthquakes) and

threads/commonalities that are noticeable. Firstly, the idtélé)loglcal (pandemics) (Sawalha, 2020). As disasters

. . : . come in various shapes and sizes, a generic framework for
of either bouncing back or bouncing forward is connotate . . .
. . . , RI}/I could b[eeplstemologlca'll useful. Var|0u§ naodqls.
in resilience rnt i Tns wo. u i n

s various 5 b OHF?{ ical ti f DRM
response and recovery phaséshe DRM cycle that will ave been proposed but a cyclical conception o IS
be discussed in the subsequent section. Secondly [he

ften referred to in the Sendai framework. This includes a
nature of resilience is latent as its true magnitude remajns ¢ Y S o”n preparedness, re
. . . ) et ter. The |l atter sndl age
unknown until a disaster strikes. This of course, makes'it e
o . recovery processes which implicitly lead to a state of
a complex qualitative aspect to measure with respéoeto

DRM, however, would be highly useful (Keating et al_resilient preparedness (UNDRR, 2015). As such, the DRM

2017). Thirdly there appears to be a binary between & cle as proposed by University of Central Florida (n.d.)

ante and eypost perspectives of resilience. While this ma)a}ppears to fit this approach to disaster management,
appear to be a source of conceptual tension, newer
definitions and frameworks aréla to acknowledge and
integrate both perspectives into a comprehensive
definition of resilience (Keating et al., 2017; UNDRR,
n.d.). While the framework proposed by Keating et al.
(2017) is highly comprehensive and significantly clarifies
the concept ofesilience, it is too complex to be used for
the purposes of this research paper. It is, however, a useful
tool to assess DRM at a local/case study level. Therefore,
for the purposes of this report the definition as provided
by the UNDRR (n.d.) is used whicetains useful qualities
defining resilience from the framework developed by
Keating et al. (2017). The Intergovernmental Panel on
Climate Change (IPCC) defines resilience as follows:
“Resilience in the literature has a wide range of meanings.
Adaptation is often organised around resilience as
bouncing back and returning to a previous state after a
disturbance. More broadly the term describes not just the
ability to maintain essential function, identity and
structure, but also the capacity for transforinad n 0
(IPCC, 2022b, p.9) While acknowledging the
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Prevention - Mitigation - Preparedness Response Recovery

Accounting for the above criticisms, alternatives
have been proposed. The model in Figure 3 focuses on the
[Figure 2: Disaster Risk Maagement Cycle adopted fromexplicit application of entrepreneurial skills, leadership
UCF (n.d.) and innovation into the traditional DRM cycle to gain new
While versions of this model are widely used, there ameanagerial insight in the mitigation and response phases.
still some criticisms. Multiple standards for disasteFhere is also emphasis on the concept of resilience: both
management/mitigation exist such as the 1ISO and B®lological [survival/mortality] as well as psychological
Despite the frameworks accounting for the role of thability to prosper/recovg In conjunction with the Sendai
public, this rarely plays out on ground and dependence foamework, this new model proposes distinct levels of
first responders remains high, creating a culture of relian@silience from an implementation point of view:
(Sawalha, 2020). community level, organisational level and industrial levels
The existing standards are not sufficientlyo be integrated into the response and recovery phases of
translated into locally applicable/relevant protocolghe cycle. However, the preservation of the cyclical
Existing protocolsremain highly segmented, targetingconception can be observed as well (Sawalha, 2020).
only specific groups leading to a false sense of securtdpwever, this cycle is not significantly different from
(Sawalha, 2020). This criticism does not target thehat is proposed by UCF (n.d.). However it does provide
model ' s premise but r at h eome further nuancebly outirang thesgible emecikanids r a
to daily life. Our research may provide possibleeca®fa DRM cycle by explicitly mentioning technologie such
studies where DRM has been successfully translatedaearly warning systems or highlighting qualities required
protocols. of a technology such as improving situational awareness.
The design of existing protocols is often flawed aghus, it becomes a useful supplement to provide a more
groundlevel people follow protocols crafted bynuanced tachtothe DRM cycle and is a potentially useful
management who do not directly face disaster risks. Thitarting point for review processes.
could lead to errors caused bjaak of insight. Protocols iz
and cycles may be generic but do not emphasise the ne Inedasion
for flexibility across various levels to be effective. Disaste
management tends to work in a f@wn fashion. This
often limits its flexibility and adaptability to locebntext.
There appears to be a need for a paradigm that can hafbidigure 3: Complementary DRM Cycle (Sawalha, 2420)
both topdown interests and botteop
feedback/implementation (Sawalha, 2020). This is @iven that there are many different versions and
criticism that is accounted for by the Sendai frameworonceptions of the disastask management cycle,
which emphasises the importance of stak#dol conducting a thematic analysis to get a summarised idea
engagement as well as ensuring DRM from local wf the concept is crucial. There are different types of
transnational scales (UNDRR, 2015). models. Logical models typically split disas
management across three distinct phases: before, during

Testing Measures
Leamirg
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and after. Integrated models are more implementatibefore examining the castudies is prelimingy
oriented. They consist of independent elements suchidesntifying which emerging technologies are relevant for
hazard identification, preparedness and monitoring whigéhich stages (Section 2.1. Technology as Lens).

all have their unigue boundasieand procedures. This

allqws such a model to b.e fluidly appllgd. Causal modef4. Stakeholders

typically focus on underlying causes which lead to disaster

and also focus on risk to property and life. Combinatori@iven that disasters affect all individuals on the planet,
models use a mix of logical, integrated, and causal mod&lveryone could be a potential stakeholder in DRM.
Finally, there are miscellaneous models which would nefowever, for the prpose of this investigation, defining
fit in the aforementioned categories of models and usuadlakeholders is crucial to ensure an appropriately broad
have a unique approach/focus to disaster managem@us without stretching the investigation thin. Based on

(Nojavan et al., 2018). the timeframe and logistics of this research, 3 stakeholders
Three key themes tend to emerge from a variefyould be identified and investigated.
of disaster ri& management models, namely: hazard The UN recognises the multitakeholder nature

assessment, risk management and management aci®nbDRM and thus the need for both coordination and
Hazard assessment involves identifying possiblsonsistent efforts from all. One stakeholder consistently
risks/danger and planning for them. Risk managemegentified by the UN is the government. The government
usually includes gathering information about identifiegs a key coordinator which synchronises othekatholders
risks and futher mitigation planning consideringas well as work in unison with other governments. The
resources, organisational responsibilities, and potentigdvernment functions at both international, national, and
impacts. Management actions involve the prostds of |ocal levels and thus is, in itself, a complex structure.
the model. It includes but is not limited to preventiorsiowever, in general there seems to be consistent emphasis
mitigation, response, and recovery processesrdllyany on the role of ta government with respect to complex
disasterrisk management model needs to be thregsues such as DRM and climate change. In addition to the
dimensional to be truly comprehensive (Nojavan et afovernment, the definition of other stakeholders remains
2018) vague.

Applying the above, it becomes apparent that the However, the general public appears to receive
DRM model appears to be logical given the cleamplicit emphasis. The UN strongly recommends
sequences. However, it is still podeibto involve govenments to use participatory approaches to develop
independent elements running across these stages, thgsritextually relevant solutions to climate change and
is possible for the DRM cycle to be an integrated modelatural disasters. The Rio Declaration signed in 1992,
Therefore, it is argued that the DRM cycle is atated that an informed population could contribute
combinatorial model. Considering the three major themggynificantly to making environmentally andocially
of hazard assessmerniskr management and managemerdgptimal decisions which can further inform future policies.
actions, all of them could be addressed within the scopesfditionally, the average citizen plays a key role in
the DRM model (UCF, n.d.). The assessment of hazaidentifying potential problems and raising them to the
and risk management are already salient and inherent palévant authorities (Bello et al., 2020). This focus on the
of the models. The assessment of hazards plays alkey fttomup approae is also reflected in the Sendai
in the prevention stage as one needs to know wiatmework for DRM. Meaningful participation from
disasters are likely to occur to adequately prepare ftakeholders is key in monitoring and managing disaster
them, which are addressed in the subsequent stages ofile and in ensuring the resilience of all communities,
model. The aspect of risk management is also visikilgstitutions, and governments. One possibility would be to
across all stages ranging from ass®s risks, ercourage the citizens to keep informed and play a role in
contextualising the model to ensuring proper recovery apRM, to create a culture of disaster resilience. The Sendai
risk minimisation. The stages of the cycle also correspofidr a me wo r k i denti fied “ciovi
to management actions which can always be contextualbakeholder in DRM. This includes NGOs, women, youth,
defined. Given the above information the DRM cycle caime differently abled, the eldgr indigenous people, and
be used for theyrposes of our literature review/researciigrants. While these subcategories are themselves
without further changes (dilktsE, goupsl . they Tare sepadlated ' $romg €

nature will allow us to flexibly apply it to various caseacademia/scientists and business professionals (UNDRR,
studies through contextualisation. What will be done
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2015). The identification of women as stakeholders isaad actions (AManiji et al., 2020). Given the central role
recent development when preus iterations for disaster that the government plays in DRM, they are a useful
frameworks assumed the citizenry to be predominansiykeholder to investigate.
heterosexual, male of a dominant race. Women, along with Businesses and the private sector appear to also
other identified groups such as the elderly, children aggt a separate emphasis in the Sendai Framework. They
indigenous people form the majority of the civil societyare highlighted for their potential role in engaging and
Their concerns, especially pafisaster, are unique anddeveloping new technologies in DRM, developing
must be considered and addressed if social resilience imtomative standards, pewng investment in resilient
be achieved (Kimber & Steele, 2021). Furthermore, thefrastructure as well as engaging in socially responsible
civil society is again identified as a key stakeholder iactions such as providing DRM training (UNDRR, 2015).
other studies regarding loflood-risk and general disasterUNDRR conducted a conference in 2017 to better outline
risk. Their roles include providing crucial local knowledgéhe roles businesses play in the DRM cycle. The report
as well as spearheading commusbysed initiatives identifies the broad private sector as a third stakeholder in
alongside government investments to engage all membadslition to the government and civil society. Their role in
of civil society. The heterogeneity of stakeholders #fta the supply chain and the provision of employment is of
considered civil society is also noted in anotherreseagghar t i cul ar | mportance. Addi
(Al-Ma nj i et al ., 2020; R a inkest,stheefossibilj to, invedt0 i@ evelofimgkriew e
2021; Matsuoka & Gonzales, 2021). Therefore, it wouk&chnologies as well as improving their own resilience and
be useful to consi der *‘ chy spill-bver sffeatsiom diviy society and tbengeverrntfent, t
stakeholders for tkiinvestigation. is also considered (UNISDR, 2017). Academic literature
The government is consistently referred to asaso cites the importance of entrepreneurship insties
stakeholder in DRM. They are expected to play amcovery. Investigations by Chamiéright and Storr
important role in coordinating DRM as well as organisin(P008) demonstrate that economic entrepreneurship plays
and facilitating other stakeholders to contribute to DRMa fundamental role in ensuring the provision of goods and
This is often achieved thugh the creation and services postlisaster. They further argue that social
implementation of policies which could take the form o#ntrepreneurship makes dit@hanges in society through
schemes, laws, or institutions (UNDRR, 2015). The rotéeir work. These social entrepreneurs include a wide
that government policy plays in ensuring humarange of actors such as NGOs, religious institutions, civic
development which in turn strongly links to DRM is notedrganisations, and community members. They distinguish
in research. Thersia need to have multtvel and multi  social entrepreneurship and economic entrepreneurship
sector governance to enhance resilience. Key issues wtbelsel on their intention to make profits. They further
were considered included making DRM informatiorargue that both entrepreneurs face significant regulatory
mainstream in development planning. Health and accdsariers, an issue noted in the UNISDR conference.
to clean water/sanitation are crucial in guaranteeifitherefore, a need to remove restrictive regulations is a
redlience in disaster and affect all of civil societysentiment echoed in both cases (Charul&@ght, 2008;
Government policies play a major role in ensuring the&NISDR, 2017).

basic needs (Raikes et al., 2021). Additionally with While large corporations, established companies
regards to research in DRM, an increased emphasisaigl research institutes with a profit orientation all fall into
placed on the role of local, indigenousxowvledge t hi s third “Private?” st ake

generated from the general public (UNDRR, 2015; Belkidelined to make room for the identification of staps

et al.,, 2020). This is especially important given thdbunded by Entrepreneurs. This will include both st
government policies are usually informed anthat are funded by private people and stigs funded by
implemented using a tegown approach. Governmentgovernments of transnational governmental bodies such as
policies which focus solely on scientifiméwledge and the EU. Since this report is dealing with technologies, an
centralised management are key factors holding back theerent limitation wi be the recent founding of the

i mpl ementation of t he S eresfeative sthipa@mly wompakies foGnaed iafter 2@16
2021). The government is also identified as a keyill be considered. Concerning the Maturity of the
stakeholder in the enhancement of resilience and DRM bgmpany the following five differentiations will be made:
providing public educationAdditionally, the use of laws A - Prototype testing in the lab,-B’rototype testing ithe

such as building codes are also a key aspect of teal world, C- Initial market commercialization, BPSmall
government’'s role and t h scasdomgmerciflizatoa and-BVedium arid fage scatev e
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commercialization (adopted from Impulse, 2021). Thithe biggest players. Indeed, the Incident and Emergency
means that companies in the conceptual stage, withounharket is saturated with largglobal players with small
prototype, will be excludedAt the opposite side of the and medium companies and stapis playing a marginal
maturity spectrum, companies beyond large scalele (Emergen, 2022). Hence, from the perspective of the
commercialization will not be included. While thisresearchers, restricting the review to stgx$ will open up
limitation to startups can be considered to restrict théhe possibility to consider the role of young and &bci
report’s findings, it can also be seen as enriching its merEsntrepreneurs in the context of Disaster Management.
This is because an 4depth analysis of most impactful

companies, at least in the conventional business sense of

profitability, revenue and sales will lead to the selection of

S/IN | Stakeholder Entities Powers/Abilities Interests
1 Public Governments, UN Substantial Financial Flood Prevention, First Respons
Resources, Legal/Regulation| Largescale Infrastructure, Publi
Technical Capacity for Large Service Continuity, Cost
scale Interventions Effectiveness
2 Social Civil Society Communication with Damage Mitigation,
Organisations, communities, Local Supplementary Response, Loc:
Grassrots Knowledge, Contextualising Actor Empowerment, Rapid
Movements, Technical Information Recovery Processes, Stakehold
Neighbourhood Integration

Associations

3 Private Established Technical Capacities for Profits, Social/Environmental
Private Firms Interventons, Local and Impact, Sustainability of Busines
(excluded from | Global Knowledge Networks| Model, Damage Minimisation
review), Starups, Innovation, Research &
Social Enterprises Development
Thinktanks
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2 Techno|ogy as a Lens Information technology has been used to monitor

situations prior to disaster to improve preparedness.

Technology is a major theme of the Sendai Framework /ffformation technology has also been used to coordinate
is cited as one of the underlying drivers of vulnerabilitiednd calibrate disaster relief based on geodecaph
and also seen as a solution to reducing disaster rigdormation. Technology also involves and affects
Technology is acknowledged as a key aspect to consifdyltiple stakeholders including the general public, the
in all stages of the DRM cyelranging from prevention government and the private sector (Sakurai & Murayama,
such as engineered solutions through new modelling o9 Lutken, 2021). The definition of technology is not
preparedness such as mditizard early warning systems”mited to software like GIS andformation technologies
to postdisaster recovery and reconstruction. Technolodiit also engineered solutions. To elucidate, Hong Kong
transfer from developed countries to the emerging worii@bilised slopes along various channels with-fgéoic
is also emphasised as a possible solution to disaster ridiednforcement to reduce the risk of landslides and enhance
With increased urbanisation and concentration @Pod drainage (Chan etal., 2018).
population, infrastructure and economic activities in cities, In summary, telznology is increasingly seen as a
technology is increasingly recognised as a solution tHg{evant tool in DRM. While it is often not an end
can manage the increased riskaced by humanity solution, its tactful and creative application by various
(UNDRR, 2015). stakeholders in DRM could greatly contribute towards
Technology is also discussed with respect #gducing underlying hazards and vulnerabilities. In an
various stakeholders. This includes policies that reguldfiereasingly technecentric world, understanding DRM
the application of technologies and improving the sciend@fough a technological lens would be useful for
policy interface where communities involved in scifént stakeholders as well as future scholarly publications to
and technological developments inform policy decisionB€tter assess the role of technology in DRM. Hence, the
Similarly, the framework accepts that solutioriented researchers intend to use technology as a ilertsis
funding of technological research and development is aléyestigation.
required, especially from the private sector. The Grand However, for the purpose of this report a rather
Bargain framework whichimed to aggregate reliable,Proad definition of technology is used. While the
flexible, and accountable funding for humanitarian aj#gchnologies outlined are predominantly engineered
also made use of technological innovations and fundinggglutions  (commonly known as grey or structural
improve operations (Inteagency Standing Committeemeasures) and information techogy (nonstructural
[IASC], 2019). While technology is not explicitly measures), many natdo@sed and socitechnological
addressed ithe Grand Bargain 2.0 framework, the neegolutions are considered.
for funding local actors and national responders is The end user or beneficiary of any given solution
included as a central outcome. However, all its four majit floodrisk is a social individual. Thus, these
pillars could be addressed partially through technologicAirastructures have soetechnical impacts that museb
means (IASC, 2021). In addition, the thenfidottom-up accounted for. Thus, by integrating a social angle in a
participative risk management underscores the need #8ghnology review, the utility of the technology and the
technological support such as geographical informatiéfle of resilience is better understood. Thus some case
systems (GIS) in generating risk data (UNDRR, 2015tudies may be categorised as a steihinological
IASC, 2021). Recent papers point out the importance flutions (RahimiGolkhandan etla 2022).

GIS and other emerging tewblogies in the area of In this era of climate change a new paradigm for
Disaster Management (Vermiglio et al., 2021) multi-functional infrastructure has evolved. Thus, nature

While technology itself is not an embal or based solutions have become increasingly seen as a unique

outcome of disaster management, it is a highly versatigt of solutions to climate adaptation challenges. A nature
tool. This means that a technology which may appear |dased solution carange from restoring natural processes
relevant with respct to DRM may be very useful during al© mimicking in built areas. These solutions are
disaster. To exemplify, car manufacturers who can tratkréasingly seen in the European Union and have been
their vehicles can make use of this user base to anal{@gidly adapted in dense Asian cities as well, establishing
which roads are still functioning after a flood o@n entire new slew of solutions and approaches talfloo
earthquake (Lutken, 2021). Technology also playganagement. The benefits natbased solutions have to

different roles in different stages of the DRM cycledffer beyond flooemanagement and their potential
sustainability and versatility have made them a new
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contender to gregtructural measures (Hartmann et alhave myriad benefits. First, they can effectivedgulate
2019). Thus, including these in a reviemould be bio-geophysical processes driving hazards (Nelson et al.,
important to present up to date information and trends. 2020). Secondly, they have many additional benefits that

To that end, a review of some established amihglepurpose, grey solutions cannot deliver. This
emerging technologies in the Prevention and Mitigatidncludes cleaning water naturally, creating fresh air,
phase will be conducted. These technologies are maingcreation also in the lian sector, access to green spaces
structura in nature, with a feweeptions. This review will and provision of natural capital (Kumar et al. 2020,
limit itself to relevant publications from 2020 onwards. Anderson & Renaud, 2021).

After concluding key technologies in the first two Showecasing the benefits of these NBs and making
stages, the following three stages of the DRM cycle wilesults available to citizens can increase the visibility and
be considered: Preparedness, Response and Recowesdibility of said solutionsot accelerate wider adoption.
These tedhologies are mainly nestructural. The review This should and can encourage the involvement of citizens
will focus on emerging technologies rather thaand create trust of various stakeholders in these solutions
established ones since the focus of this report is a véabisch et al., 2017; Kumar et al., 2020).

recent and future outlook. Like the first stage review, However, Kumar et al. (2021) explain that general
relevant publications from 2020 onwards will beaiptake of NBSis still slow due to the lack of
considered. internationally recognised and comparable standard

Finally, a market analysis of the Incident andanethods for assessing their mifitnhctional performance,
Emergency Market from Emergen Research (2022) will tendering the establishment of a solid evidence base
conducted. The main purpose of this market analysis issiaowcasing the benefits of NBS over conventional grey
give enough background knowledge and overarchirgproabes for hydrometeorological risks (HMRS)
context for the begtractice so@-technological solutions ma na g e me nt (e. g. , Nel son e
found in the Entrepreneurship/Staps stakeholder (2020) furthermore exemplify which exact challenges still
section. exist to the adoption of NBs and realising their immense

potential.
Against this background, it appsandispensable
21. Emerging technologies structuraj;? review technologies in_the .NB.s sector concerning
isaster management. This will include natbased
Grey and greén engineering solutions implemented at specific locations
but also software modelling of NBs, which has the

While there was a stark focus on singleposegrey (g)otential to increase adopticand decrease failure rate

infrastructure for a long period, the landscape

tati d miticative technoloaical and teeh umar et al., 2021).
pre\{en afive an _ml |g§1 Ve ec.no ogical and teenhn Despite the rising popularity and support for NBS,
engineered solutions is changing. One of the mast

. . . rey infrastructure remains important to man dne
promising and most cited new solutions are Nahaeed drey P Y Tl

cjties today as their primary mode of investment in flood
solutions (NBS). One broad and renowned definition 01l y ) Y

N B , . . i ¢ ¢ management. This is particularly redex to the %Iobal |
s s q actions to P rlo %ocutﬁ,Wherce%]g)rﬁu‘ciaﬁonsvcaen’be concentrated aforig flodd”
use, an manage hatdtura 0 [ainsnéﬂodcbastél ?egions'Wh?chC are’mlore R/u(?ng} ble to"

address social, economic and environmental challgng%\,lsmat% cgangg?. TrLljenOPe\gation of fleodntrol structures

effectively and adaptivg| (NBs 1Initi %utcH as dams, canals ang E:mSD!anI(n){ents are crucial to
of Oxford, 2022).

i ) L . ensure the $ of populations as they are able to
Reviews of NBs point to their increasing aty Pop y

larity alobally (K ¢ al. 2021). R h eliminate the underlying risk of flooding to some extent
popularity globally (Kumar et al., ). Researcher, gie et al.,, 2019).

increasingly find evidence that strongly suggests that NBs

! Interested readers may consult the following link for Kumar https://www.sciencedirect.com/science/article/pii/S187734352

et al.”s review (2021): 0300750
https://www.scienedirect.com/science/article/pii/S004896972 2 Interested readers may consult the review by Ogie et al.
1021288 (2019):

And the following link for Nelson et al’s publication on https://www.tandfonline.com/doi/abs/10.1080/09640568.2018.
challenges to realising NBs” full potential: 1547693?journalCode=cjep20
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Given their fundamentally high risk levelsidentifying and contextualising the vewms new
associated with climate change, countries in the glotiachnologies in DM The review published by Vermiglio
South may need to continue to investgrey structural et al. (2021) employed a systematic review of scientific
measures which can then be complemented with natuliterature to find 69 publications which were clustered in
based or nostructural measures. In addition to that, ththe bibliometric visualisation of Figure 4.
complementation process needs to be inclusive of the local Vermiglio et al. (2021) identified simulations in
socio-politico-economic context to ensure that the benefithe yellowcluster to play a major role in the Preparedness
of a grg structural measure fully reach vulnerablstage. The yellow cluster includes ETs that make
populations thereby improving their resilience (Ernst experimenting with a disaster in the virtual world more
al., 2020; International Centre for Integrated Mountaieffective and efficient. Simulations play a key part in
Development, 2012). increasing resilience to disasters since taeyone of the
only ways to explore how DM plays out and where levers
to increase performance in managing disasters like floods

2.2. Emerglng technologles n'Onlie (Noto and Cosenz, 2021). There are several simulations

structural: Disaster Management in DM studie$, one of which is Agent Based Modelling
whichaccordig t o Ver miglio et a
ap opecat W
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[Figure 4. Netwak visualisation of identified ETs effectiveness in considering the behaviour of the multiple
(Vermiglio et al., 2021) agents involved in the DM cycCle(Mishra et al., 2019). A

A recent review whose original purpose was to analyb@hly interesting casstudy is one by Fan et al. (2021)
how emergint technologies (ETs) impact improvingvhich employed the vision of aigaster City Digital Twin
performance in DM, provides a very helpful guide iparadigm that includes Artificial Intelligence (Al),

% This synthesis of Vermiglio et al.’s (2021) publication and * Please consult Vermiglio’s et’al (2021) publication which

the report’s conceptual framework discusses the different simulations.

served the purpose of giving the reader a broad overview of thelease note that the DM cycle identified in Vermiglio's et
emerging technologies al.”s (2021) publication is not the same as the one ®f thi

in DM. It is not exhaustive and had to exclude important partgeport. However, the key components of the Preparedness,
of Vermiglioet al.”’s (2021) publication. Response and Recover stage as identified in this report are
However, the researchers of this report believe that this reflected, hence the the term DM cycle as Vermiglio et al.
synthesis is helpful in guiding the (2021) use it can be adopted and understood in a very similar
reader into an extremely broad review of bastctice fashion as theree defined in this report.

technologies.
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informatics and information and communication However, Vermiglio et al.”s (2021) review and
technology (ICT) to create transparency and visibility igisualisation proved to be a great help in mapping
the complex dynamics of DM emerging technologies. It shall lay the foundation for the
In the red cluster, Vermiglio et al. (2021 reader to orient the beptacticetechnologies that will be
identified ETs to support stakeholders in the Respongentified in this report.
phase. The identified ETs in this cluster are geospatial data
(GIS), volunteered geographic information (VGI)
Internet of Things (IoT) and robotics automation (RA)2 3. Market anaIySIS of Incident and
Vermiglio et al. (2021) noted anteresting finding when Emergency Management technologles
synthesising scholars that wrote about GIS and VGI I‘-"rlvate sect%r
DM: “Some scholars cleary esc ed the compl ement &
role of GIS and VGl in the provision of information, whlchefore finishing the technology section of the conceptual
can be helpful in coordinating response tasks amon@stmework, a market analysis of the incident and
volunteergroups and official disaster agencies (Hung emergencymarket, to which the disaster management
al., 2016; Contreras et al., 2016; Schumann, 2018; Aksactor belongs, will be conducted. Hence, this is a market
& Foss Wamba, 2019; Sharma et al., 2020) H o w analgsis ,of the industry sector of technologies in the
Vermiglio et al. (2021) also recognize that some scholgrseparedness, response and recovery stage. This analysis
still observed challenges concerning omhation is indispensable given that one of the tretadkeholders in
technologies in DM, such as lack or resources of poor d#étigs report is the private sector, more specifically the
quality (Haworth, 2016). entrepreneurship and stap sector which relies heavily
In the blue cluster, Vermiglio et al (2021)on upcoming trends in the industry. The market analysis
identified the ETs of data mining, machine learning arghall help business readers of this report to better identify
social media which can improve the performance anchere the bestpractices are positioned in the broader
accountabity of DM actions throughout the stages otompetitive market and how they can serve potential
Preparedness, for example in early wamning systenesistomers (Kuligowski, 2022).
Response, e.g. more data can be processed to make solid To that end, the market analysis of Emergen
decisions and Recovery, for example image recogniti®esearch, a research and consulting firm focused on the
for various recovery actions. most recent industriesnd new developments, will be
The final green clusr focuses on the importancesynthesised with the previous section 2.2. which focused
of big data and predictive analytics for disaster reliefn academic literature of DM (Emergen Research, 2022a).
operations. Vermiglio et al. (2021) identified that manyhile there are myriad established and professional
scholars point to the benefits of big data in improvingharket analysis on the Web, the researchers chose this
transparency, cooperation and coordination amhe, sice it was freely accessible while still providing, to
sustainale recovery from disasters (Papadopoulos et athe best judgement of the researchers, a holistic and
2017; Dubey et al., 2018; Dubey et al., 2019; Jeble et atystworthy outlook of the market. Furthermore, the
2019; Ragini et al., 2018) market analysis was published only last month, so in June
Since the nature of Vermiglio et al."s (20212022, making it one of the most reteavailable to the
review and visualisation was very broad in nature, thhesearchers (Emergen Research, 2022b).
articles discused have different methodologies and However, Emergen’s market analyses is very
definitions of DM. This inconsistency in using the ternbroad in nature: it considers the complete incident and
DM, as well as the respective stages of the DM cyclemergency management market from 2@080. This
especially Preparedness, Response and Recovem®ans it is not restricted to natural hazardsimcldes
somewhat limits the applicability of scientific publicationany other emergency and incident technology; like
to the real world. It can raise confusion amon@oftware as a Service (SaaS) in preventing cyber attacks
stakeholders in the banking sector. This means that the researchers will
exclude certain parts of the freely accessible market

® Interested readers may consult the paper by Fan et al. (20241)lt was impossible for the researchers of this report to review

under the following link: in-depth all of these scholar's pugaliions. However, they will
https://www.sciencedirect.com/science/article/pii/SBEBL21  be cited in this report for reference & future research
9302956 8 please refer to the previous footnote.
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analysis to the relevanines in light of this report. SINCE e e mensrey wsasemn wanker commmmeanon TEmoLos orames 1o s Low
the general statistics do not differentiate on hazard tyy
they are not meaningful in determining the exact share
flood disasters but rather help position flood technologi
in a broader context.

The most essentiaf these general statistics is the
registered Compound Annual Growth Rate (CAGR) ¢ — T
7.0% that the global incident and emergency marketsi ™ o
will grwo during hte forecast period of 202930. The [Figure 5: Communication Technology Dynamics:
current market size was $124.88bio in 2021. Emerg@ih ket share in $bio in 2021 and 2030 (Emergen
Research022) identifies several drivers of this growtfResearch, 202P)
which are not unlike the one’s driving natural hazards E’}nergen Research (2022) predicts the revenue growth of
general. More specifically, concerning natural hazards, tBgie|liteassisted equipment to increase at a stable rate
analysis refers to a “Ri ggingithB forbcasBpenb® Busterm8rd, asiseéen it the? |

in recent years, such as hganowstorms in Spain, floods graph, first responder tools are also predicted to increase
in Western Europe, cyclone Yaas in India, and others, gf€; stable rate until 2030

leading to economic losses and are driving revenue growth Besides satellitéechnology, a second segment

on the market”. As dri VieRds o thYtfe rfarkef Anllysid: Sith@atidn 0 Thid
technglogles Emergen Research (2022) identifies thejudes Traffic simulation systems, Incident &
folowing: “Incident and eme@gheAlEY SHAIRIGY e MHhzardn2Brdb&ytion

revenue growth is primarily driven by rise in number o§imylation Tools. While not restricted to natural hazards,
investments in disaster management solutions B¥s trend in an increase of simulation technologies is
governments in devel oped cshécht Wif he previBus FefiewCoP Vehrigliol e 4. -
Conceming the segmentation of the genergp21) who point to scholars writing and advocating
industry, Emergen Research (2022) differentiates amoggiaplished and new simulation technologies (Fan et al.
others, by system type and communication technology. By21: Noto and Cosenz, 2021). EmergeneBesh (2022)
system type it first points to Weliased emergency conclude the following about simulation technologies:

management systems which is predicted to growkapid ¢ « The incident and evacu
during the forecast period. Cloumased emergency segment accounted for largest revenue share
management systems are highlighted which can provide owing to increasing demand in commercial and
help rapidly and are more time and resource efficient and residential buildings."”
guarantee data recovery. These systems are essential folg, « pj f f er ent e oresoftwardaieon s
the cyber are of emergencies batypén increasing role in used in commercial evacuation simulation

disaster management as well (Crichton, 2021; K.C. et al., systems, such as Pathfinder and STEPS, are used
2019). The other segments differentiated by system type in commercial evacuation simulation systems,

are mass notification systems, disaster recovery and whereas, Repast, NetLogo, and Swarm are used
business continuity and geospatial. All are expected to inopensource evacuation si
increaseover the next years. Finally, the systems of Firg final segmenof the Incident and Emergency market is
and Hazardous Materials account for a significantrevendés r vi ce which includes “cor

share last year due to an increase number in terror attaglhire design and integration, public information services,
civil unrest and internaitonal attacks and harazdoygining and education, support and maintenance, and
material incidents but also na#élicasues like wild fires ot her s (Emergen Researisc h,

As a second important segmentation of the gene@!pected to register a steep growth until 2030.
industry, Emergen Research (2022) differentiates based While Emergen Research’s market analysis
on 'communication technology: First responder to0lg022) predicts a stark growth, it also mentions certain
vehicleready gateways and emergency response rad@grriers in the market. For example, many technologies
An disprgportionate focus of the market analysis concemg,q R&D in emergency management requires high
satellite technology i.e. Satellitessisted Equipment. majrtenance costs. Additionally, false alarms, inadequate
Emergen Research (2022) provides a visualisation of §ycation and training are restricting revenue growth, and

differentiated ~ communication  technologies  thagyr that matter, increase in resilience towards disasters.
exemplifies this disproportion well:
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Finally, a | ack of al | a. o astudyo(B021) fmostb publigakohs héave rfocused c
response solutions and senscespecially in emerging predominantly on the potential of information technology
countries, is also hindering growth of the markeand big data (Oh & Lee, 2020). While information

(Emergen Research, 2 0 2 2 ) ‘techiologies are esseftial amd will percenside@diis thip
of the conceptual framework explained the vulnerabilitseview, they are one of many essahtiechnologies to
and disadvantage of the vulnerable. address the growing challenge of natural disaster. One

To give a more visual represetidam of this question that can be raised from this discussion is how to
conclusion, the following infographic created by Emergettetermine and seek examples of technologies well applied
Research (2021) can provide a useful overview: in the DRM context? Furthermore, how could technology,

Market is expected to 7 O(y
REGISTER a CAGR of . 0

24.5%

of the globa
market revenue
was accounted
for by Asia
Pacific in 2021 o 2
1.71%

One of the KEY DRIVERS for
S market growth is growing need
USD 124.68 Billion in me= The market is CONSOLIDATED with a few for public safety and security
2021 players accounting for majority revenue share

The market was valued at

0,

10,000+ reports

REaD INCIDENT AND EMERGENCY covering niche topics

REPORT: MANAGEMENT MARKET 2019-2030 {\‘i

EMERGEN

[Figure 6: Infographic of Incident and Emergency the DRM cyte, and stakeholders be related? One possible
Market, forecasting period 2012030 (Emergen answer to these questions are reviews, which can
Research, 2022) summarise, synthesise, and standardise the knowledge in

a particular domain or field. Given the volume of literature
. and information generated annually in reatito DRM
3. Best Practice Research and technology, a review could be a useful tool to guide
o ) o ) future research as well as racademics (Paul & Criado,
Despite its myriad applications, technology is not 3019; Oh & Lee, 2020). This raises another question: what

panacea for disaster management. Understanding er‘(ﬁ{h of review should be conducted? What should be its

and how to use technology is of significant importance <j;1fims and possiblys output?

the anioozf the Sgnda.u frameworrlidare tq hbe act:jleved A bestpractice approach could be a useful tool. A
(Lutken, 1). Academic interest anatjput with regards best practice is one that is functional, proeassnted,

to disaster management has increased exponentially in gf\%l innovative. It focuses on the most ideal way in which

last 3 decades. Vulnerability, resilience, and logistics ha}ieproblem could be approached and then addressed. A

emerged as cqmmon themes VISIb|.e amongst publlf:atlod'ésstpractice approach igpically used in policy studies
from the previous decade. As ev@ent from Section ?0 determine the efficacy of a variety of solutions to a
Technologyas a Lense, technology is among the aspergtﬁ/en problem or to judge the optimality of policy
explored in some of the most cited studies of the preViOHPocesses and their impact on outcomes. However, their
decade. Technology has emerged as a key factor bel’i'ﬁ%l aim after reviewing all possible practices is to

§tud|ed n the most. recent emer.gency man_agem(ﬁ@éh"ght what is required of an optimal practice and
literature. However, with the exception of Vermalet
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identifying said optimal practice. Therefore, the ;

researchers believe that conducting a -pesttices 4 FlOCﬂ RISkS

research approach would be useful to highlight optimghe grounebreaking review by Oo et al. (2020) was
uses and approaches to technology in disasteageanent gpecifically focussed on floods which disproportionately
by the different stakeholders (Vesely, 2011). affect those in the global South and whose risks have been

Yet, another question emerges from thigicreasing with changes in climate pattemns over the
discussion: If bespractices are to be reviewed, what kinghreceding decades.

qualitative or mixeemethods literature? Loalg back at ot |imited to floods, storms, earthquakes, droughts,
the various kinds of begiractice research methodologiegangsiides, and extreme temperatures. Statistics from the
abinary is visible. If the emphasis is to find examples, thefbntre for Research on the Epidemiology of Disasters
a quantitative focus is suggested. However, if the focus(@jRED) demonstrates that flooding has by far btben
the review is to understand the possibility of applying @ost severe disaster in 2018, as well as the 17 previous
given practice, a qualitative route is preferred. Howeveyears. Flooding accounts for only 5,424 of 77,144
exemplar identification is not the sole purpose of OWfisasters between 2000 and 2017 annually, making it only
review, as the identified exemplars could be applicable {9 fourth most common type of disaster. However, floods
other scenarios. Given that a case study also has a unigd€unted for 86,696,923 of &h193,312,310 people
context, qualitative informain may help capture certain gffected by disasters annually in the same period (CRED,
facets of a technology or stakeholder which would allomlga)_ Of the 61,772,617 affected individuals in 2018,
us to extrapolate these best practices if necessary (Vesghbds contributed to 35,385,178 victims. In terms of death
2011). Therefore, to ensure that this review g four of the top ten disasters in 2018 were floods
comprehensive, the researchers employ a mmethods (CRED, 2019b). In addition to affecting the largest
review and include both qualitative and quantitativg, ,mper of people, flooding also appears to be a costly
studies in a begtractices review. disaster causing 22% of all damages from natural disasters
Finally, the most important question to ask is if etween 2000 and 2019 amounting to US$ 651 billion.
bestpractice review is actually required? One of the mos$his number would be even higher as the obslisasters
recent studies and data available specifically considers {BRd to be undemccounted for in Asia and Africa where
role of knowledge management in fledgks and a fiood events are most prevalent. Flooding is also noted as
bibliometric analysis of ETs for performance managemege of the most preventable natural disasters given the
in DM (Oktari et al., 2020; Vermiglio et al., 2021). Wh"eaffordability of mechanisms to manage flooding (UNDRR
such reviews are highly important, they do not provide & CRED, 2020). @rrently, over 1.47 billion individuals
in-depth understanding of the potiahtapplications of gre at risk of flooding. Nearly half of them are located in
technology in disastenanagement. Thus it does NOlensely populated Eastern and Southermn Asia. Roughly
satisfy the aim of this research. half of these atisk individuals come from lower income
Research by Trogrli¢ g@hiiedvho lack Rdudrctd to rBaRtlo ahctfier " € h
the importance of science and technology networks fidoding (Rentschler & Salhab, 2020). Thus, it can be
DRM. However, among the key findings of thesearch opserved that applying the principles of DRM to managing
was that a need for highlighting and publicising goofloaq risk would benefit the largest number of people. This
technological practices was required by these networksidGespecially relevant with the continued urbanisation and
better operate, innovate and transfer knowledge acregs centration beconomic activities in lowying regions
borders. Hence, the importance of technology in DRMhich are easiest to develop and the rise in sea levels
cannot be understated. (UNDRR, 2015; IPCC, 2022a). Henceforth, this report

Even tie most recent research continues to call fah 5| continue this investigation with respect to DRM in
reviewing and highlighting technological bgsactices. food risks.

Oo et al. (2020) emphasise the need for technological best

practices to be reviewed and identified for the purpose of . ]

integrating the diverse stakeholdersentioned in the 5 ReV| ew QueStlon

Sendai Framework as well as to emulate these practices on

a global scale to impact the most number of vulneradi@llowing from he previous discussions, this report
people. Thus, a review of bestactices in technology to arrives at a review questio/hat is the role of technology
adapt to disaster risks are a key to the solution for DRMN disaster risk management for all stakeholders in
20



society?Taking into account the conceptual frameworkplay and are important to account for when considering the
this question can be further specified. future applications of the suggested kastctices from

Firstly, when considering the role of technologythe firstresearch question. Henceforth, a second research
with respect to DRM, this report essentially intends tguestion is asked to followp on this fundamental gap in
understand its efficacy. Since a best practice approach wélsearch: What barriers and expectations among
be employed, a gauge is requiredthe concept of stakeholders concemning bgshctice socigechnological
resilience will be used as the measure to distsiguinich  solutions exist and how can exposing theccederate
practices are better than others. This gauge will hergecietal adoption and sustainable transformation?
inform the Assessment framework Given the above research questions we come up

Secondly, stakeholders are specified to bsith a simplified conceptual framework which
policymakers (the government), society (general publisymmarises the concepts and context within which this
and entrepreneurs (private sector). review will be conducted.

Thirdly, disasters areivkrse in nature and so are
the risks contributing to the hazards and vulnerabilitigsigure 7: Visualisation of the Conceptual framework
which are the underlying cause of disaster. Given that tbeeated by the researchers themsdlves
literature in this field is vast and diverse ~
would be incredibly challenging bo
conceptually and logistidly to conduct
such a review in a short period of tin
Hence, based on statistics, the researc
conclude that flooding affects the larg:
number of people and is also linked w
climate change which is also increasin
discussed in academic and rarademic
circles. Thus, the researchers believe
investigating flood risk would be useful.

Fourthly, disaster management ¢
the theories defining them have given r
to various models. However, the cyclic
conception of DRM is widely used |
acadenia and also referred to in the Sen
framework. Hence, this report also ado
this cyclical model of DRM.

Taking these arguments inw
account, the researchers arrive at the final review questifigferring to the above diagram, various key concepts
How can floodrisks be managed better and what are trliscussed in this section and how they relate to each other
future outlooks? are summarised using arrows. Firstly, disasters of any kind

From the above review question, emerges our fildf€ caused by the interaction of hazards and
research question: Which technologies best increaddnerabilities. DRR is the main strategy used to combat
resilience to flood disaster among the public, social, aHese underlying hazards and vulnerabilities. DRG refers
private sectors in the five stages of the disaster ritk the overall system and context in which DRR is
management cycle? Thigport aims to identify best conducted and DRM refers to the specific tedbgies
practice technologies or use of technologies in enhanciﬁ@d practices. These practices can be classified into one of
disaster resilience. the five stages of the DRM cycle.

However, while identifying besgpractices in Technology plays a key role in alleviating the
flood-risk management is indeed valuable output, there!fgPact of floods on the three stakeholder groups (public,
also a need to understand how this risk landscape charigjé4ate and social sectors). Excellent deploynuérguch
and how these stakeholders interact with each other (Od&ghnology is known as a bgsmactice which can be
al., 2020). These technologies has@cial impacts and adapted globally to combat floatsks associated with a
thus are krewmhnos ogs cai oPRrBHCUI $199@ i tge DRM ey¢le py a stakeholder group.
the powers and interests of each stakeholder come iRt$ch @ socigechnological bespractice greatly improves
21
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the resilience of thatakeholders to the increased fleodfound for the social sciences in many scientific journals
risk driven by climate change. and databases, medaalysis and metathnograpies are
The implementation of these solutions andtill scarce. For that reason, this research proposal
adaptation to climate change may have spillover effeetethodology used both research guidelines from the
across the stages of the DRM cycle or between the divelgalth sector and the social science sector where
stakeholders. These are concelited as feedback loopsapplicable to develop a sound methodological process.
which can be identified over the course of the review. The above background infornat on reviews,
However, from an implementation point of viewMetaAnalysis and Metd&thnography allows the
stakeholders have different powers, abilities and interestssearchers to take up the issue of complexity within the
This gives each group a unique set of abilities to tackleview question. Conducting a search in the
flood-risks and certain advantages and disadvantagesthodological literature has shown that when a certain
relative to the other. Thus, to better allow for the emulati@omplexity is given, one speaks oé@mplex intervention
of these socidechnological begpractices, the barriers (Template University University Libraries, 2022;
faced by stakeholders in implementing basictices and Department of Health and Human Services, 2017). While
the expectations that stakeholdease of each other mustthis term is the most commonly used in medical research,
be considered. it can be applied to complex phenomena in the social
sciences as well. Salso, in this research project. The
characteristics of a complex intervention apply clearly to
this research project. First, the identification of best
0. MethOdOIOQy practice technologies for major stakeholders has multiple
components. Secondly, the different interatdibetween

Using knowledge gathered in timtensive, rigorously stakeholders (government, public, private sector) and

conducted studies ?S .highly complex. Es'Fainshin.g tqgchnology within the stages of the DRM cycle represent
usefulness of a multiariety of studies for policy making, multiple and complicated pathways. Thirdly, the best

for people trying to make a déifence in the world and in ractices the researchers aim to identify will target

the end, for society as a whole has proven challenging [Jltiple participants stakelders representing
many scholars trying to synthesise complex phenomfp ) ’

Gouah. 2007). So also. for thi h broi _ gpulation complexity.  Finally, implementation
_( oug T 7). 'oa.so, or this reseqrg project f':ume c%tmplexity, a multifaceted adoption and contextual
investigating, reviewing and synthesising bastctices

; . g . .complexity and working in a multidimensional
for major stakeholders trying to increase res'“enceaga"éﬁ/ironment is also a given (Template University

dlsastersr.] h tself bei h h University Libraries, 2022; Department éfealth and
The research area itself being on the one ha man Services, 2017).

highly compex and the method limited to qualitative Undertaking a review and synthesis of a complex
methods of analysis and synthesis, calls for a deta"ﬁ?ervention or in this case, a complex bpsictice

Qutllne of the plqnneq metho@glcgl proces;. T.he research often requires a partial but substantial adaptation
intended research NQUITy 1S 1o identify bpsgctlces N of conventional review and synthesis methods (Template
the sector of technology in the above established Comfiﬁiversity University Libraries, 2022; Department of
for several major stakeholders. This review question Ii—§ealth and Human Services, 2017; Gough, 2007).
complex and hence needs to differentiate in its approach This research project started with research and

and methods_ fo_r .|nve.st|gat|on from a simple researc(li'iscussion about established theories including a review of
guestion. While it is evident that some sort of meta review .« Emerging Technologies (Sectionss Tof the

and synthesis is needed, studies and guidelines on th@S‘r?ceptual Framework). This conceptual framework
methods of reviewing literature in the social sciences aBorms the met@ynthesis and according systematic

Increasing bgt still limited. stematic Reviews as well Bliterature reviews for all three stakeholder; an asymmetric
Meta-Analysis and Metd&thnography (also called Meta (adapted) Systematic Literature Search for

Synthesis), often considered as the qualitative Counterp@ﬁttrepreneurship/startps (ASLR), a systematic

of the former, have begn developed extensively f?_fterature Search for the Policy sector (SLR) and a
health/medical interventions (Template

versity Libraries. 2022- ; Unl“;]ers'téystematic Literature Search for the Social sector (SLR).
University Libraries, ; Department of Health an While conducting the systematic reviews it

Human .SerV|ces, 2017; San'delowskl et .al., 2_012; HardSQcame evident that explaining the status quo of existing
A., 2010; Gough, 2007). While systemalic reviews can l?&hnologies is insufficient in creating valualdesearch
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outputs. This stems from the increasing belief that Firstly, after a generic Google search, popular
developers behind the sodiechnological solutions face databases were consulted. The simplest keywords
myriad barriers to optimal implementation. Further pol i cy ', “fl oowete usech findt e
research also showed that some stakeholders calevant publications and results were filtered down to the
potentially hold resources the otheeeds. Hence, it period from 2015 until present day to ensure currency to
became essential to interact with stakeholders and conditerature. The databases used were JSTOR, The OECD
primary research about any challenges, barriers aihibrary, Web of Science and Emerald Insight.
expectations they have. This led the researchersto extend JSTOR contains a suistial number of policy
their methods to conduct interviews. The originaleviews ranging from more theoretical and conceptual
conceptual framew&r was extended to include publications to case study specific policy reviews. Many
stakeholder’s barriers & expectations. The resultirgticles with a technological focus tended to be
framework laid the basis for the interview guides. Aftegprescriptive in nature rather than focusing on a specific
conducting the interviews, they were analysed with threase study andts successed. Many articles provided a
Thematic analysis (TA) per stakeholder. general view of policy around technologies and were
Hence, our output is twinld: On one side we completely irrelevant to the search topic.
conducted a systematic review to identify the best The OECD library had limitations on search term
practices. On the other side we conducted and analysed e |, so ‘flood’ was used
interviews with key stakeholders that resulted in diterature wasfound with specific focus on agricultural
insightful synthesis of barriers & expectations. policies. Some articles referred to previously successfully
‘ implemented policies including constructed infrastructure.
These reports could be useful as a starting point. However,
the OECD has a strong focus onraited set of countries,
many of which fall outside of Asia and Africa where the
most vulnerable populations tend to be.
The interdisciplinary focus of Web of Science
Systematic Interview ensured that more relevant articles turned up than in the
Meta-Synthesis guides previous database. Many artiglead a generic review of
technologies which could act as starting points to conduct
more specific searches to result in a case study. While the
Web of Science has many options to narrow results based
on topics, publication type and journal of publication,
realising this was challenging and did not guarantee
completely relevant results.
Emerald Insight led to some relevant results with
many papers focusing on the potential applications of a

[Figure 8: Visualised Overview of methodological procesgiven technology or generic/holistic reviews of flood

resulted in many articles referring to or comparing various
. . . frameworks for emergency management, thus proving to
6.2. Systematlc Literature Reviews be potentially useful literature to develop evaluative

6.2.1. General Approach criteria at a later stage of this revigwocess.

Prior to conducting a literature search, a general seafei€rall. the approach yielded many irrelevant results
was conducted to understaride nature of literature d€spite refining. This indicates that the keywords used are
available and how they can be found. The beIoWerl but overly broad and thus additional keywords need

methodology was initially developed to use for the publi P€ developed. Additionally, many questions were raised
sector literature search and was to be adopted for the soR}" this stagein addition to using formal databases, how

sector and private sector literature searches. HoweVghn 9rey literature be used as a supplement to gain more

over thecourse of the literature search, changes were md§ivant data to support our review? Should the kind of

to the methodology. An overview of the original methoffchnology (engineered, GIS, nativ@sed) or the country
is provided below: be specified at the start of the databsesarch? If so, which

countries should be chosen and prioritised? If | use a
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nested approach where previous searches feed into the  The first step involveé narrowing from all
next step, how can a systematic bias be avoided? Whatential case studies to a pool of case studies. In general,
kind of criteria must be used to decide on a case studyaot t his stage using C O mme
paper or tpic? Should multiple such searches bbterature is a good option to understand what current
conducted for each country, type of technology aesearch focuses are. Thus databases such as Web of
stakeholder? How can a feasible process be develo@samience and Emald Insights were identified as useful
given the time and logistical limitations? starting points. Multiple databases were used to ensure
The grey literature search methodology sear@xhaustiveness as each database may have a slightly
strategy that was useg Bodin et al. (2015) proved usefuldifferent set of publications. However, keywords are
for the review. Grey literature refers to documents such @gjuired to run searches in these databases. Thus, a
government reports and theses which are nptel i mi nary google search o
commercially published (University College Londonrole and technologies in relation to each stage of the DRM
n.d.). While the methodology was developed toycle was conducted to generate a list of keywords.
predominantly findnedical literature related to a specifiedsoogle searches were also conducted to identify
case study, an adaptation of the strategy would allow usagsociated words or commonly used synonymghe
find relevant case stuelglated literature in an exhaustivekeywords to generate a finalised list of keywords. The
and comprehensive manner. search was then conducted on the database to generate &
Some of the key tenets of this method included thmotential pool of case studies. However, integrating expert
use of custom apgle searches, grey literature databaseginion at this stage would also be useful to check if the
and developing inclusion and exclusion criteria as well @ool of case studge generated independently by this
an auxiliary survey of experts in the field. These wemethod matched with expert opinion. Thus, emails of
combined to create a relatively unconventional bugsearchers were identified from publications and an
effective literature search strategy suited #omreview anonymised survey was created on Qualtrics for expert
(Godin et al., 2015). academics to suggest potential case studies. This is similar
Firstly, prior to testing out subtrategies for the literature to the survey strategy as used by Godin et al. (2015).
search process, a general frame had to be visualisedritmally, the resulting case studies from the database search
allow for a sense of orientation and direction. Hence,as well as expert suggestions were integrated into a matrix
backwards approach was taken to develop thédetd of case studies.
framework. This backwards approach essentially aimed to To filter down to a pool of case studies, three
answer what steps or information was required to reacimajor criteria vere used: centrality, focus region and
certain stage in the literature search process. Thus, it begarrency. Centrality refers to how central this case study
with a *‘target’™ final s t arteehnodogy s in acaderki@ediscussions Ehé rhore loeatcak
our starting wate. a case is, the more it is written and discussed about.
The final state that is to be achieved in this proce€&itation indices thus become a useful nunadtordinal
is the summary and review of the specific case study. Prindicator of this quality. Additionally, previous research
to that, a case study must be identified as having thed World Bank data has noted that the most vulnerable
potential to be reviewed and showcased as agrastice. individuals to floodrisk are concentrated in the following
Thus, a list of all ptential case studies appears to be thregions: South Asia, East Asia, Southeast Asia, East
starting state of this literature search. However, given tiddrica, West Afria, Northern South America and
sheer volume of literature available, an intermediate stBjprthwestern Europe. These regions thus reflected our
was created for ease of developing the methodology. Frpatential focus regions and case studies referring to these
the potential list of all case studi@ssmaller pool of case areas were given special importance in ranking and
studies with better potential to be besactice cases will preference. Finally, currency refers to how recent the case
be selected. Thus, the literature search will be divided irdindy is. Floodrisk management has been a topic of
three distinct phases: Firstly, narrowing down from adlivilisational importance since time immemorial. Thus, to
potential case studies to a smaller pool of potebggk review the status quo the most recent literature must be
practice case studies. Secondly, narrowing down totaken into account. Given that the Sendai Framework was
single case study from this pool of potential case studiesleased in 2015 and also becatls¥e was a noticeable
Finally, the actual grey and academic literature searchiterease in publications since 2015, only papers published
generate the summary and review of a given case studyrom 01 January 2015 onwards were included. This
filtration was used to rank case studies by potential for
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selection. After the ranking process, the abstracts of ttte undergo a filtration process based on some
paper wee read to ensure their relevance. Nelevant inclusion/exclusion criteria.
publications were thoroughly excluded from the list. Documents are included based on their title,
Finally, the top ten cases were selected as the poolatistract/executive summary andeaall relevance after
potential case studies. This process was repeated for esldmming through the contents. The irrelevant documents
stakeholder and stage combination féotal of 15 times. will be excluded and the final list of literature will be saved
The next step in this literature search process wismsan excel sheet along with the URLSs. In general, only
to identify one case study out of the ten. Firstly, the maatcessible documents were considered for the purpose of
technology referred to in each case study was identifigte literature search based on the limited resources
A preliminary google search was conducted to gainawvailable. This list of relevant case study literature will be
general backgund of the workings and application
of the technology. After this process, the case stt <~
were ranked on four criteria: centrality, focus regi | ;"
currency and impact. The first three criteria were o

\ \
1

o \ ( [ ol ¥ay
. . . . N , RN S Wards (Per
same as in the previous ranking, and hence dic &= ‘1 sy ]» Stane-hoided
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ranking. The more impact a technology has, ’ \\ 2 B
higher ranking it is given. However, this ranking v N I il Ot Pt |

. . \ / Stuses 2 Recercy of echnoiogy
not easyto filter or rank based on ordinal \/ % & Y ko 015 st S0GN
categorical data like the previous three crite / i g ity
Instead, a judgement call was taken to generate CasaSuey N = -
final ranking. Subsequently, the top case study " Gt Gioigi Sadoch | —>{ Apencen
picked as the final begtractice case study to condt < \f
an indepth review. mevmest-w[i-vw-wwmﬂ
The final stage of the literature sea e

involved identifying relevant documents and sour / e
to conduct a review of the bgstactice case stud' 3 Second Loy Foe
Firstly a custom google search was conduc \/ Finaleed Lat of Relerart T

Multiple search terms with various permutations :
combinations were utilised to take advantage of
algorithm. Relevant articles would be bookmarke: | =

Liverstion for Case Siudy i s
a special folder to compile the resources. The resurts

will be manually entered in an excel sheet to keep track'fed 0 conduct the review of the case study. The
the sources. From these sourcdistaf relevant agencies evalugtlve cr.lterla for each case study will be expounded
and actors will be identified for the case study. TargdPon in Section 1.4.

websites of these agencies/actors are identified and a

search is then conducted within their databases or _ )

specialised search engines. Similar keywords to tHélgureQQ: General Comprehensive Literature Search
custom googlaearch are used to generate key documen‘?g.rategy]

All identified documents are then listed on an excel sheet _
1.2.2. Policy

ﬂ—r i
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E
j

° Developed and illustrated by researchers based on methods
outlined by Godin et al. (2015)
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While a comprehensive methodology for the literature
review was developed, it required a long time frame ( TR

. . . . N f N "\.
around one year to actually implement. Within the peric  / /7 .
. . . ) [ | | | Preliminary Search
of 5 months that was available, it was simply not feasib {177 - <UNDR$ .
i ; ; : LU\ === oy r tion )
to stick to such a rigorous stiard if the review was tobe . 7>/ kit

\\/ _~
e

conducted in time. Hence a few strategic simplification
to the methodology were considered to create a relative
comprehensive literature search strategy. This simplifie
strategy was used for the public sector. The stragegied

Potential Case Studies

fi
\ /

for social and private sector literature searches will t
explained in the following sections.

Firstly, a simple preliminary search in select targe
sites such as the UNDRR website and PreventionWeb w
conducted to generate a list of keywords toe public
sector in each stage. Secondly, only one database was t

Preliminary Google
Search (Per

List of Key
Words (Per
Stake-holder)

Ranking Criteria
1. Citation Index

2. Focus region
3. Publication
Year

Ranking Criteria
1. Citation Index
2. Focus region
3. Publication Year

4. Relative Impact

to generate the matrix of potential case studies. Due to
interdisciplinary nature and wide array of available

publications as well as ease of use and export of data, W M Essential "“C'é‘:gl‘ Criteria
of Science s used to conduct searches. Thirdly, th \’f"' peesisprisio Spreadsheet
resultant matrix of case studies still underwent the sar ' —~ 2. 1kie Finor

3. Abstract Filter
4. Accessibility/Final
Relevance Check

ranking process as described in the previous sectic
Fourthly, a survey was sent out for researchers involved
flood-risk management in the public sector identify .
useful case studies. This boosted the search saturation.
These case studies were also included in the above ramfirf'i%ure 10 Simplified systematic Literature Search for
process and a final pool of 10 case studies. the Social sectd

The second stage of the literature search process
was also simplified. As mentied previously, a ;53 Society

preliminary google search was conducted for eaghg search strategy for the social sector is almost identical
technology to gain a better understanding of its functiqq that of the public sector. The only change was that the
and application. However, instead of undergoing a secogith section of the literature search was simplified due to
ranking, a judgement cal liygWiacht aladefit Dburde@ & Snbiific Yoodid'sEarch |

criteria explaind in the previous section. replaced the initial custom google search.
Following the selection of the case study, the Firstly, during the initial stages of the literature

following literature search was simplified to a CUstOMaarch a large volume of academic stedbn social

google search and occasional search of target sites Whejence and literature on frameworks were available.
it proved necessary. This was to ensure that relevaiifyever, there were relatively fewer case studies or
literature  wa  found quickly despite  sacrificing gihnographies identifiable. The literature was still ranked
exhaustiveness of the process. The mclusmn/exclusQHd possible technologies or sotézhnological solutions
criteria were then applied to the listed literature to genergie o identifiel and further ranked by their relative impact
a final list of literature for the case study. on resilience.

Overall the simplifications ensured that the The custom google search was however used to

literature search strategy was indeed feasible to conducfinsify potential case studies or organisations that were

the short span of time and within the limit of the resourcgs,oved in a recent flood disaster. This was a relatively
available to the researchers. While the search Wagg organised process and aasion some case studies

markedly less rigorous and exhaustive, it still generated,a,a tound using a nestructured google search rather
relatively comprehensive listf aiseful literature for each serendipitously.

case study.

19 Developed and illustrated by researchers
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Finally when gathering documents and evidenceeveral startip focused online magazines and stgt
for building the case study, the inclusion criteria has to lfeews) websites.
relaxed. The reason was that, more often than not Secondly, a Google search encompassing myriad
literature for the specific case study was scattered acrodiser resources that identify Entrepreneurs and -Gjet
various types of publications ranging from UN reportsn the flood disaster risk management sector was
NGO reports to news articles and NGO websitesonducted. During a preliminary Google s#grthe
Therefore, this evidence had to be supported by genaesearchers found the Climate Innovation Window, which
reviews or reports on the technolagybuild a case. This was developed under the frame of the BRIGAID project.
is where the approach for the social sector divergéhe BRIGAID project, in turn, was a project funded under

significantly to that for the public sector in terms of thé h e EU

utilisation of literature.

Horizon2020 that a
between innovators and engersin resilience to floods,
drought s and extreme we at
implemented from 2016 to 2020. The Climate innovation
window subsequently was a reference portal to connect
these stakeholders it hence had immense value in
identifying innovators- so also Entrepreneurs and start
ups for this review (BRIGAID, 2020).

Thirdly and finally, a search in EC Databases was
conducted since many successful stgis were originally
§ ;ﬁgsgfn funded by the EC. This included mainly the EU and EC
Year Databases like CORDIS, witi publishes EU research
results. The results of projects funded under European
Horizon2020 were published here, for example (EC, n.d.).
After identifying a pool of potential case studies,
a search of each case with a different strategy was carried
out baed on the nature of the case study. For example, one
company had an elaborate website, whereas another was
funded by the European Commission and hence had
published material on the EU databases. Another company
was founded by private Entrepreneurs and kady
informative material on their website. For other
companies, an expert evaluation was available, like the
IEAMA Sustainability Award of the Solar Impulse

Foundation or the previously mentioned Climate

[Figure 11 Adapted systematic Literature Search for tthnovation Window  platform Finally email

Social sectdﬁ] communi@tion and interviews with involved actors in the
Startups prove most helpful in accessing information that

1.2.4.—P|£|vatﬁ ) he lack of f | q was not available on the Web. This Final Literature was
or the private sector, the lack of formal academic mpiled to generate a Case Study Summary.

literature led to an adapted systematic strategy: Initi%?
keywords were still based on the conceptual framework
and refined and extended through a google search. The
selected keywords were then used todiwt a semi
structured search in databases and websites. The following
three ways through which a pool of case studies was
identified was:

First, a news search in Google, a news search in
the Prevention Web of the UNDRR and a news search in

Ranking Criteria
1. Citation Index

Predminary Google
Search (Par technology )

Ranking Cniteria
1. Citation index
2. Focus region
3. Publication Year
4. Relative Impact

" Developed and illustrated by resezers
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y T‘ Pr:mw BN ;’J endeavour of establishing generic and content related
A1 ] I T Sawch criteria. Hence, besides establishing ey criteria of
%\‘_1 / l quality in both qualitative and quantitative studies, a
\U/ < —» preliminary assessment of bgsactice criteria is outlined
Potential Case Studies [an m’w} {Gooq!e uemn] EU;:”;'”’" in the next section.
'—L -2 oo MRy Bepas Concerning generic quality criteria  for
K] o M —— ff;;::::::':;; funded projects guantitative studies and qualitative studies is aso
\V sources difficult endeavour considering the complexity of the
e studied phenomena and the lack of rigorous
‘“i 'i?,r:ek:f methodological reflections in many studies. Furthermore,

since this review and synthesis is drawing from both
research studies and official reports or welssi

I
/
\\/ — methodology sections are often scarce and especially in
| € sram et qualitative papers, a certain lack of scientific rigour can be
Case Study hsamadiy s identified (Caelli et al., 2003).
r st However, generic criteria will be oriented towards
. le‘-‘cm's high quality to provide reasonable asmnce to related
S [Ditenions | stakeholders that the underlying literature of this review

and synthesis are reliable. This relates to a clarity of
purpose (transparency), accuracy, accessibility, and
method specific quality (specificity) (Gough, 2007)

[Figure 12 Adapted systematic Literature Selrfor the 8:3.1. Polic

Entrepreneurship/Stattip sectof
Policy in relation to disaster risk has a very broad outlook

due to its interdisciplinary nature and
6.3. Assessment Framework: social/political/leconomic context. There are various
Evaluative Criteria government regulations which range from building safety

standards, volunteer management, partnershipth
After the identification of begpractices, they had to begrganisations and public education. They address various
evaluated. Given that the powers and interests of eagRes of marmade and natural disasters. Such disasters
sector differ, a unique set of evaluative criteria had to R olve large economic costs as well as societal risks
developed for each stakeholder sector. which could also strongly affect political outcomes. It is

Since this research has identified itsvie& a|so crucial to considehe various levels of government

question to represent a complex phenomenon, W@hich range from local to provincial/state to national
conventional establishment of exclusion and inclusiqByels which may have different priorities and focuses.
criteria for the review and synthesis is complicated. In th}ﬁny policy instituted at any level of government needs to
case, the quality and relevance assessment can only og@ligfficient and effective. Additionally given thifitult
later in the methodologicakpcess as they are an integrajtyation of any disaster, there will be ethical standards to
part of the process or reviewing the relevant literature afghintain as well. Finally in practical terms a policy would

require sophisticated knowledge about what makggso need to be financially and administratively feasible
technology a best practice for respective stakeholderspjyaugh, n.d.).

the complex field of disaster management. Such adelayed  The effectiveness of a policy is defined by how

identification of quality and relevance assessment igely the objectives set will be achieved. This includes
however, not uncommon in the social sciences reseag@kteffectiveness where the output given the cost is
(Gough, 2007; Higgins et al., 2006; Template Universiyonsidered. Efficiency looks at the benefits of a policy in
University Libraries, 2022). relation to its cost and typically involves some kind of
However, the researchers still wanted to lay @gstbenefits analysistodetei ne i f a polic
founddion for an assessment for easier and more efficient The administrative feasibility considers the
beginning of the next stage in the next period but also dgpabilities, responsibilites and resources of the
get valued feedback on this complicated research
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government agency delegated to implement a policy ¢b action (local or national). Most often, information is
assess its ability to implement. Financial feasibility lookgenerated and used during the response and recovery
into the avdability of funds and resources to invest in ghases rathethan the other three, limiting its potential
policy and the extent to which costs can be recoupetbsitive impacts in reducing disaster risk. The efficacy of
Ethics is a complex evaluative criterion which involvea technology will depend on the extent it can replace
both equity and liberty. manual labour such as lade change and climate

Equity is concerned with the distribution of theanomaly identification which are time consuming
benefits and costs of given policy. In the setting of processes (Enenkel et al., 2017). Beyond just being
disaster risks, it would also consider the existingources of information, technology also becomes an
distribution of risk across society and ideally reduce trenabler of resilience. This includes aiding response and
risk for all citizens rather than redistribute existing riskreparedness efforts. This enconmpasses setting up an
more evenly. Liberty covers the notion of indivititights  operating temporary/alternative infrasttwe and using
and choices and to what extent does the policy enssiial media as a tool to direct relief efforts as well as
these rights can be exercised or restrict them (Kraft éxsuring sufficient coverage of an early warning system
Furlong, 2020). (de Meira & Bello, 2020).

Scientists play a role of poliegdvisors to Given the nature of the relationship between
policymakers. There is a juxtaposition of time availablBRM, society and technology, a distinct set of evalaati
between the polic\domain and science domain. Manycriteria are required to analyse and evaluate best practices.
policy analysts need to react quickly to disasters whilthe A3C model appears to be particularly useful. This
scientists often require more time to ensure thoroughnessdel evaluates technology based on their ability to
of findings. There needs to be more holistic riskacilitate communication, coordination, and cooperation.
assessments that account for social and economic imp&xsnmunication is the shagnof information between a
of a hazard. Scientists/experts need to be increasinggnder and receiver. This also means the receiver should
trained in this new paradigm of disaster risk assessmdm. prepared to receive and act on the information.
Many policies fail due to poor transfer of knowledg&€oordination involves managing the dynamic
between scientific circles to the general public. There @é®ntributions of various actors and agencies when
insufficient investment in dister risk research due toaddressing any response tBIA. This takes into account
constrained resources and finances. Furthermore, a lackio§y resource constraints, capacities and evolution of
platforms for researchers and practitioners to interact leag®nts. Effective communication becomes a prerequisite
to a poor transfer of knowledge and possible divergencefan efficient coordination. Cooperation is defined by how
epistemological/paradigmatic approaches (Albrisaket various actors/agencies/entities act together towards a

2020). commam goal or for a shared purpose. Efficient
In summation, the three criteria are eostcoordination is therefore essential in ensuring proper
effectiveness, feasibility and equity. cooperation. All the aforementioned factors, namely
communication, coordination and cooperation are

6.3.2. Social required for collaboration. Henceforth, collaboration is

seen as a composition of these services. As collaboration
Disaster risk affects all members of society, and socijalays a key role in successful DRM at every stage of the
organisations as well as individuals contribute to all stagegcle, a technology would be judged by its ability to
of the DRM. Social/lhumaniten organisations such asimprove communication, coordination, and collaboration
Red Cross act as providers of emergency care immediatefya social level (Simona et &021).
postdisasters in the response and recovery phases. They
also play a role in alleviating disaster response burdens
across local divisions. When a local division is
overwhelned, other divisions are quick to assist and
provide support. Access to accurate information plays a
crucial role in the collaboration of individuals and local
organisations during all stages of the DRM. This improves
preparedness, volunteer retention aggponse efficiency
(Troy et al., 2008). The relevance of a given piece of
information changes depending on the actor and the level
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Given this justification for evaluating the
e individual company and in that context, the technology,
the following paragraph will lay out how the criteria were

defined.

Collaboration . |
Prevention

Mitigation
Re;ponse
Recovery

[Figure 13: Visualisation of A3C Model for Social Sector

Criteria (Simona et al., 202]) [Figure 14 Visualisation of Entrepreneurship/Starp
Criteria]
6.3.3. Entrepreneurship/Starp The private sector is the starting point of new innovation

and, subsequently, sustainable change. Hence, a unique
Before explaining and justifying the criteria for thisocus was laid on the innovativeness of the respective
stakeholder section, it must be justified why, in contrast technologies. Innovation means it creative in
the Rublic and Civil Society sector, not a castady in the redefining related problems and seeking out new
conventional sense but rather a company is used. opportunities. This is essential in developing or improving
The key logic behind this decision was that evemyovel technologies that can increase resilience. Innovative
technological application is evidently highly contexttechnology is original, effective and often revolutionises
dependent. One technology developed by one eomp the way thathe underlying problem it aims to address can
applied in one location for certain customers, can habe tackled. Innovation does not happen via predetermined
completely different benefits and drawbacks than the sap@ths and cannot arise in isolation, and is characterised by
technology being applied in another context. However, tifeedback among stakeholders and reciprocity. The private
aim of this review is to identify and explain meaningfusector, more so the Entrepreneupsand starup sector,
best practices that Eepreneurs or those aspiring camften faces immense pressure to innovate to stay
clearly identify within multiple contexts. Also, every startcompetitive or use nenonventional methods to achieve a
up has a unique backstory and entrepreneurial journey tbampetitive edge or create new markets (Guerriero &
a review focused on the technology could showcasee nni ng- Rows el |-Agency 2 (5&afding I
Hence, essential insights for those who want tmlé@m Committee, 2019). Key questisnthat will guide the
the best practices of others would be lost. Innovation sections of the bestactice case studies are:
The second aim of this review in the context dflow is the technology developed by the company
Entrepreneurship/Stadp evaluation is that the best andlifferent from others, and how is it different to existing
most promising partners for collaboration shall beolutions to the underlying challenge? What is this start
identified. Granted, looking at one technolaggy applied up’s technlmgy’s merit that other technologies cannot
by multiple companies/staups would be the mostdeliver? How did the technology progress flood risk
comprehensive and give the best overview. However, theevention, mitigation, preparedness, response and
scope of this review does not allow such an enormotecovery? How did it use neconventional/novel
undertaking. Rather it wants to focus on evaluating the
best starups and how they aped their technologies.
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solutions to address issues in challenging areas of flood
risk management? [Figure 15 Casestudy Matrix Output & Criteria for each
Innovation is not only essential as a stahwhe Stakeholddr
criterion used by many expert evaluations, but it also lays
the foundation for profitability, cosffectiveness and 6.4
impact creation. Without being innovative, a stgt ~°
cannot scale. It wad be very difficult to find networks, They explored the barriers and expectations of
collaborate or attract new clients if the solution is nagftakeholders. To ensure concurrent flexibility, a semi
different to that of the market. In that way, innovation istructured approach was preferred. Similar to the reviews,
the essential building block in achieving lelagting the interview guides were specifically formulated for each
profitability for a company. type of stakeholder. Laterey were uniquely adapted to
Concerning pofitability, several aspects shall beeach interviewee based on their profile and experience to
covered under this criteria: How is the company financirfigcus on their expertise within the scope of our questions.
itself? Who are investors, and how high are investmentsfle questions were themselves based primarily on the
At which stage of commercialisation is the company, arnceptual framework and our second research question.
what stage is reachable in the foreseeabled@tWhile The transcriptions underwent a thematic analysis to arrive
these are important questions to be answered, #ekey themes which we shall visit in the conclusion.
profitability of a startup’s technology for its clients must Given the qualitative nature of this aspect of the
also be considered. Hence, a stark focus on the Returnv@search, a constructivist paradigm was considered. In
Investment for the client will be considered. This includesich a case, the discussion is arcexqukctations, barriers,
prices for the iferent clients and how cosfffective the challenges and emerging solutions. These are formed and
solution is for them. Is the bepgtactice technology perceived by the stakeholder based on their interactions
affordable? Can a certain monetary investment in th@th the reality of structural measures, retructural
technology achieve a reduction of costs when a floggeasures as well as other stakeholders. Thus, it is
disaster occurs? Are implementation and maintenangservablethat these perceptions of the tangible, real
affordable? Is the technology perhaps more-effsctive world are constructed by stakeholders. Further narrowing

than others on the market? down this approach, interpretivism and phenomenology
Given a certain level of innovation that fosters

profitability for the company and customer, the final

essential criteria concern the human impact |
technology cacreate. How does the technology (have
potential to) impact many stakeholders? How ca
provide real resources/solutions/benefits that the 1
vulnerable in society require when flood disasters oc
Can the technology attract inclusive stakehol
engagement? Does it have the potential to be replical
be applied to contexts outside its original location? Ci
impact many more people when scaled? Does it cl
benefits across a range of sectors and disciplines’
example, through efficientse of data or resources tf g —

are quick and inexpensive? > e e
An Entrepreneur that scores high on all th y
criteria with the technology developed in their stat P oot

Cost-

Interviews

can be said to score very high on multipsdue creatior whectivmrase
that has at its utmost goal the irese of resilience again P e
flood disasters. |
The following graphics have been created by the | A
researchers to give the reader an overview of the-ce | L Entrepreneurship
studies and criteria. p
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become useful tools. Interpretivism emphasises tler 60 individuals contacteder the course of 2 months.
interpretation of the real world through classifion The interviews were serstructured and anonymised to

schematics within an i ndiensurdall mforinaionmanagementGaws were follolved. ¢
a phenomenological paradigm is useful due to its emphdsiterview guides were used to ensure a consistent
on a socially constr uct enterviewewile ialsoy allowingdflexibilityeto dive dhiov i

perception of that reality. The somewhat subjective natuttéferent topcs of discussion as required and based on the
ofthismeansthatéh val i di ty of an ekperise of thedinieaviewEs vi ewpoi nt

is not measured against some universal standard or For the purpose of this report interviewees were
common objective. On the other hand, the researchers sgelen a unique ID to cite any useful comments or data
this subjectivity to compare the views of differentevealed through thematic analyses. The codes assigned
stakeholders to account for dissonance in perceptimhs @lso categoriseaiierviews based on where they fit in the
expectations. Overall, this approach interprets thestakeholder schematic used in this report. However, if an
expectations, barriers and emerging solutions as sociatigividual fit into two categories, that was also taken into
constructed and idiographic phenomena (Gray, 20l&ccount. It is important to note that this categorisation
Williams & May, 1996). provides a general overview of thepage of operation

In general, this part of the research is also moasd scope, but not necessarily their insights. More often
exploratory as it aims to uncover these perceptions atfiin not, insights about the social sector were often
deconstruct or organise them to ensure applicability to therived from public and private sector interviews due to
real world. Therefore, an inductive approach is used. Thpgevious experiences working with civil society entities. If
can be achieved by making uskopen ended questions.an indiidual was unavailable for an online or physical
Such an inductive approach permits the researcherirterview, email correspondence was also used. Interviews
conduct a thematic analysis to identify useful concepts awere audio recorded and transcribed. The interviews were
themes across a variety of interviews. These are themnducted entirely in English. Email correspondences
framed as barriers, expectations and emerging solutionsvétre conducted in English, German andnil. The
is important to note that this research provides a erogensent forn? was also translated into Tamil to aid
sectional viewpoint rather than a longitudinal studygesponse from civil society members. The summary of
although there is potential for such extension (Grainterviewees is available below:

2014).

Given the broad scope of this study, a targetg¢dsp Affiliation Stakeholder ID
sampling strategy was utilised. Oveetleourse of the : : -
literature review and general research process possjble- | Radboud University Public PUBO1
“ hivgah ue individual s wer e2 (iRdyalMaskohing®E\ Privhte-eudlie | PAPO1 S O
could be ficad'eml'ma.ns, members of an established prw at% Homa Reto Private PVTOL
or public institution, starip founders, social
entrepreneurs and cidociety actors including personne| 4 Leiden University Public PUBO02
from NGOs. Potential individuals were identified based gn g
their involvement in flood risk management. The basis pf
inclusion in the list depended on their expertisg. & | CODATA-Germany Public PUBO3
Academicians were chosen based on their publicatipng HKV Consultant PrivaterPublic | PAP0O2
history and focus, members and consultants in large
private or public sector firms were chosen based on their
personal experience and previous experienge
Entrepreneurs and social actors were chosen based or} the | Civil Society Member

Aquobex Technologie Private PVTO02

Sustainability.io(Flood
9 warning prototype) Private PVTO3

technology they developed or their organisaal | 10 (Chennai, India) Social SOC01
affiliation. A snowball techniqué was also occasionally Climate Campus
employed where target interviewees were asked to suggesgti (Zwolle) Social SOCO02Z

other organisations or people to interview (Gray, 2014),

o : X 12 Deltares Engineer Private PVTO4
In total 11 individuals were interviewed of the 9
12 Refer to Appendix C 14 Refer to Appendix G
13 Refer to Appendices D, E and F 1> Refer to Appendices A and B
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[Figure 16: Anonymised Summary Table of Interviewees

The analysis of the transcripts and correspondence were
done using the thematic analysis technique developed by
Braune and Clarke (2006). Firstly, the interviews were
transcribed from an audio to a text format. The interviews
and email correspondence welen assigned codes as
part of the coding process. Codes were assigned to reflect
patterns in the data or topics of similar nature and would
be useful for the next step. The coding was coordinated
between researchers to ensure a common protocol was
followed. Coordination occurred by using a system of
comments on transcripts on a common shared drive. There
was a high level of intecoder reliability ensuring
consistent coding across interviews.

Following the completion of the coding process,
an initial setof themes and concepts were identified. The
themes were then reviewed and overly complex themes
were broken down into smaller stibemes for ease of
analysis and discussion. Finally, these themes were
categorised as either barriers, expectations or engergin
solutions and summarised in a table to aid the discussion
of the findings (Braune & Clarke, 2006). The findings will
be revisited in the discussion and conclusions sections of
the report.
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Best-practice description

* Prioritisation of most effective and efficient NBs
for a given problem cannot be created using
standard GIS or hydrological models

» Conventional NBs projects have a failure rate L

of 50%

* HydroloGIS can stop this failure and take into

account local

pollination or recreation

Innovation

Awarded TEMA Sustainability
Impact Award 2020
“Judges feli it was a highly
inmovative modelling system that
had made great progress in the
planning and improvement in
natural catchment management
a usually challenging area”

constraints  like

agriculture,

Profitability

* Cost-benefit ratio of NBs
project modelled 1:30
« Efficient data usage - quick and
inexpensive to attract stakeholder
engagement and maximising
ROI
scurrently at small-scale
commercialization

Challenges, Solutions & Scaling

« Small-scale commercialization: identified over 3000sqkm of natural

interventions to solve local problems

* No news on large-scale public procurement/publie funding

» However, successful collaboration with Climate Inno\'ators Network
& Ambiental Risk Analytics - Fruitful collaboration & increased

visibility could lead to immense scaling: “/ntelligent use of natural

solutions crowds-in funding for nature, potentially unlocking Shillions

Human Impact

* Delivers real benefits to many
stakeholders

» Affordable solution even for
small organizations and NGOs

» Flexible & inclusive design;
greatly reduces consultation times
» Highly replicable to generate
maximum impact
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ReVieW Ove rVieW is profit-driven, a norsatellite technology will be clsen,

which can provide similar benefits but has a societal
Taking into account that for the Entrepreneurship/start mission at heart.
sector, both the technology and the company will be For the Response stage, a msttikeholder cyber
reviewed in tandem, as argued to provide meaningfilchnology project will be reviewed that summarises key
insights to readers of this reperthe following structure aspects that an inclusive platform can possess.
was created for the Entreprenship/starup sector. First, Finally, the Recoverytage will briefly review
a review of relevant (emerging/new) technologies in thgrge upcoming technologies in the sector before choosing
respective stage conceming the private market will Beniche company that has immense potential but still lacks

given. This shall give the reader a broad overview Qfs|b|||ty and monetary Cha"enges for Sca”ng.
which technologies are most discussed in the respective

stage.This will also provide relevance and context to .

better position the selected company with its technologﬂz, Pl’eventlon

in the respective stage. Inherently, a justification of why

the given company was selected will be given in this1 Naturetechnological solution

preliminary section. However, the-@tepth analysis of the 1.1.1. Relevanc& Context

company follows after the explanation of the technoloNBS are “actions to protec!

in the evaluation section. Finally, Challenges, Barriers al_s € . a.n d ma .n age .n atural or
Expectations will be presented based on relevant literat@ddress social, economic and environmental challenges
or primary research in the form of Interviews. effectively and adaptively

Having gven the structure that the review of theof Oxford, 2022) Case studies from across the world, as
Entrepreneurship/stadp sector will follow, a brief well as an increasing amount of scientific literature, point
introductory summary of the stage reviews will be giverl© the successes of NBs being used to manage flood risks
In the Prevention stage, both engineered and N&ased Sustainably (Endo et al., 2022; NBs Initiative, 2022).
solutions (NBS) will be considered. However, stark Authors of prior academic literature and eatudies, as
focus will be laid on NBs modelling since there is a majivell as interviews for this research project, emphasise the
gap in those technological solutions in the market that timportance of using NBs within a comprehensive,
private sector can potentially close. Feedback loops srinclusive strategy of flood risk management (PAPOL,
be discussed together with the case studies in these st?UB02, PAPO2Z; Endo et al., 2022; NBs Initiative, 2022;
in the digussion section. For the Mitigation section, an irkallemant et al., 2021).
depth focus on engineered solutions will be giver.. When planned and implemented correctly, NBs
However, since the review excludes large corporatioc@n bring myriad benefits in preventing floods while
like Royal Haskoning, niche solutions, particularly in thiProtecting or even enhancing local ecosystems (Endo et
urban drainage sector, will be consider€tis concludes al., 2022; Viridian, 2021). According to a recent report
the Entrepreneurship/starp review in the structural first fom NB casestudies in the Philippines, Endcee(2022)
two stages of the Disaster Management Cycle. from the Asian Development

Following will the Disaster Management stages €nable decisiomakers to choose from a wider range of
Preparedness, Response and Recovery. Inherent feedinybrid solutions instead of being limited to either grey or
loops make a differentiatidretween the stages difficult in 9"€en options. They are adaptable and can complement
terms of placing the respective company’s technology ifraditional grey infrastuct ur e” . Thi s he
certain stage. The researchers will therefore include€Xpert opinion of several public and privately employed
section on Feedback loops for each company’s technol€ngineers from the NorSea Region and Italy (PUBOL,
to explain the interconnectedness of the stagesign tP UB0 2, PUBO3, PUBOS5). Howe
stakeholder sector. In the Preparedness stage, elrecognised standard methodologies to evaluate their [NBs]
warning systems will be reviewed. This shall inclugPerforma ce and wupscale their
largely successfully scaled companies and smalkspat (Kumar etal., 2021).
with a social mission and creative solutions to difficul. In a recent review of modelling methods for
problems. Given that, as in tearket analysis section €fficiency evaluation of NBs against natural hazards,
explained, satellite technology has emerged as one of Kumar et al. (2021) conclude that modelling systems that
most prominent and promising new technologies, a specc@n assess the diverse range oenefits and
focus will be laid on it. However, given that this industnimplementation complexities of NBs are crucial to
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facilitate impact assessment and hence accelerate tloamnot prioritise one solution over another (Viridian
adoption. Viridian’s modelling system is one suchogic, 2017).
modelling system capable of holistically assessing the

multiple benefits of NBs througte.g. a cosbenefit

analysis. .

" W

1.1.2 Difference to other technologies:
The technology that Viridian Logic has developed is a ne
modelling approach for identifying the most efficient NB:
to mitigate or prevent floods (Viridian, 2021).
Conventional methods of finding NBs are eithe
hydraulic modelling or GIS map overlays. Both are ofte
suboptimal in |d.ent|fy|ng the most efficient and effectiv Figure 1: One area of land modelled with hydraulic
NBs for flood risk management. Both methods are not : . .
holistic models and do not integrate atcasd benefits modelling (on the right) and with HyrdoloGIS from

. ... Viridian Logic (on the left) (Viridian Logic, 2017)
analysis (Kumar et al., 2021; Nelson et al., 2020; Viridian L
ysis (Ku mdl Viridian's model, HydroloGIS, on the other hand

Logic, 2017; Solar Impulse Foundation, 2021). Figure 1 b | i it ¢ h ) h
depicts the fundamental drawback of GIS modelling oln_S a N o unli © € soph

the right: It merely shows the areas which have the rigw{th the robust simplicity of metanalysis, to show

characteristicsvhereby NBs should alleviate flooding. Inexactly which NBs to create and where to create them to

comparison to the modelling of the same problem undmost reducé | ooding and maximise

ro ) . |
modelled with HydrologGIS to the left, GIS modelling is&/mdIan Logic, 2017). Figure 2 below shows a ¢ y
unable to indicate which location will increase the chanceé

example of the difference in real decision support output
of alleviation of flooding by a high likelitod. It also °F 1€ two models.
LT

how high it’s potential is to reduce floodingdugh the
implementation of NBs (Viridian Logic, 2017).
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1.2 Evaluation

1.2.1 Innovation

Viridian’s modelling solution HydroloGIS has been
awarded the innovation award at the IEAMA
Sustainability | mpact Awar
HydroloGIS was a highl innovative modelling system
that had made great progress in the planning and
improvement in natural catchment managemenia
usually challenging area”
the solution has been awarded the Solar Impulse Efficient

. _ Solution Labelone year later; experts conclude that
1.1.2 Working of HydroloGIS: “Hydrol oGl S added val ue i

First, water flow across the landscape is determinelg. .

- . . . oundation, 2021).
Secondly, a modified version of the universal soil loss
equation is employed to determine the interaction betwefg 2. Profitability
the water flow and ptsical landscape. With the formula, =
the transport and accumulation of water on every fi

meter square or pixel across the catchment is calculate

[ttt
TRERS NN

[Figure 2. Conventional hydrological modelling (right)
and Viridian modding (left)(Viridian Logic, 2017)

osts
olar Impulse Foundation Efficient Solution Evaluation

The third step then includes how nature plays in 021), the base price for the HydroloGIS model lies at

. : .. F10sgkmor €11, 60/ sqk m. I n cor
the equation. The vegetation and land use for eachipixe . . :
‘modelling or other models, this is a highly affordable
modelled. The model calculates how land and vegetation . . :
. . solution for smaller organisations, small NGOs recovering
interact with the flow path of the water.

o from floods or any other smatdicale civil organisation not
Through these three steps every pixel is ranked in y g

. . . : able to afford cosintensive modelhg solutions.
how much it contributes to reducing flooding, as well as
Ol for customers
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Modelling NBs, which will then be implemented, can be First, regarding flexibility and inclusivity of the
highly profitable for actors employing Viridian'slocal socieeconomic environment HydroloGIS scores
HydroloGIS. The cosbenefit ratio of a NBs project very high. HydroloGIS is able to incl. not only a myriad of
modelled by HydroloGIS is 1:30, and that is only unddocal constraints and wishes but also recreation into its
considerationof direct benefits. Furthermore, standardnodelling appra ¢ h . On a similar n
design techniques of NB projects have a failure rate pérfect for participatory design, so reduce consultation
50%, one of the factors leading to low adoption of NBsi mes and objections by up
(see section 1.1.1.), HydroloGIS models NBs th&toundation, 2021).

guarantee success. Hence, the benefits that camjpedre Secondly, concerning environmental inclusivity,
from nature, among them climate resilience antl is able to integrate standard egstem service
subsequently flood resilience, are modelled witmodelling. This includes but is not limited to factors like
sophistication to provide solid and inclusive decisiohiodiversity, carbon emissions, crop farming and
support. This information was adopted and extended bagadlination (Solar Impulse Foundation, 2021; Viridian,
on the expert evaluation of the Solar ImgguFoundation 2021). In comparison to haghgineered solutions, NBs
which reviewed Viridian Logic in March 2021 in the realmdentified by modellingsystems like Viridian’s can save

of their 1000+ efficient solution% Viridian's solution up to 95% of carbon emissions while achieving similar or
was furthermore awarded the IEMA Sustainability Impaetven the same level of protection (Solar Impulse
Award for New Product, Service or TechnologyFoundation, 2021).

Concerning ROI, the judgesoncluded that within the Thirdly, the data employed by HydroloGIS is
model ling solution, t her epen‘soueorclentdatanmaking ishigsly aiidrezane f f i
data usage, which was quick and inexpensive, to attracistomizable at the same time (Solar Impulse Foundation,
stakehol der engagement a 20d1; Vinidian,i 262il)s Tie effidieht’and effédtive iuss ofa n

2021} this data makes it an affordable yet fast modelling system
to identify the best NBs. This then accelerates the potential
Profitability of company it has to beeplicable for many sectors and actors (Solar

The company Viridian Logic was founded in 2016, anbnpulse Foundation, 2021; Viridian, 2021). This leads to
had developed and made markeddy their modelling a very high human impact achievable if adopted by clients.
system to reach smakale commercialization (Solar

Impulse Foundation, 2021). While this is not the-fzste 1.3 Challenges & Solutions to Scaling

that some technological new enterpriggsw, it is still While Viridian Logic has overcome many challenges,
quite impressive given that their sector, NBs, is still flom developing, testing and making markeady its

(growing) niche in the market. uniqgue modelling solutions, there still lay many challenges
ahead.

1.2.3. Human Impact As of last year, Viridian Logic achieved small

First and foremost, t he salkcominercralizatian! Itihasédensified ovee 2000sgkne n

great many stakehol der s” of(nhtiidt MterBent®ris ato sobvébdall problems Ay a r
2020) The sikeholders that can benefit through thisnodelling the most efficient and effective NBs (Solar
solution include but are not restricted to policymakergnpulse Foundation, 2021).
municipalities, local communities, and agricultural and However, at the same time, the company is still
other landbased actors (IMEA Sustainability Awards]ooking for funding, new clients and credibility. Without
2020). This is achieved through multiple wayswfking investment and buyers, the market impact might stay
together: marginal. While the researchers found no news on{arge
scale public procurement or public funding, Viridian

' please consult the following link for more detailed  Please also find an informative blog post of one individual
information: https://solarimpulse.com/solutions contributing member of IEMA:

le7prIorer/ hydrologis _ _ https://www.iema.net/resources/blog/2020/10/28/viridian
. or_d_ef[all’ed information about selecthn of_solutlons -logic-iemasustainabilityimpactawardwinnerfor-new

like Viridian’s, please consult the following Link of the :
IEMA Sustainability Award 2020: productserviceor-technology
https://www.iema.net/articles/tiralawardsreatsuccess
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https://www.iema.net/articles/virtual-awards-real-success
https://www.iema.net/resources/blog/2020/10/28/viridian-logic-iema-sustainability-impact-award-winner-for-new-product-service-or-technology
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https://www.iema.net/resources/blog/2020/10/28/viridian-logic-iema-sustainability-impact-award-winner-for-new-product-service-or-technology

achieved success in collaborating with other companies in
the private sector. It teamed up with the Climate
Innovators Network by Kite Insights &ading edge Only
(LEO) (Solar Impulse Foundation, 2021) and formed a
partnership with Ambiental Risk Analytics, a company of
Royal HaskoningDHV (Royal HaskoningDHV, 2020).

Viridian Logic thus made use of networking and
collaboration in the private secttar scale up its solution.
Current news searchers, presentations to NAIAD in July
2021 and further advertising on Royal Haskoning DHV
point to promising successes in scaling up the solution
(Ambiental Risk Analysis, 2020; Royal HaskoningDHV,
2020; Stormwate 2021).

Fruitful collaboration and increased visibility
could lead to immense scaling since the technology itself

i s sophisticated enough to work

from farm scales up to entire
Foundation, 2021). Indeed, expertfrthe Solar Impulse

Foundati on (2021) concluded that

natural solutions crowdis funding for nature, potentially

unlocking $billions worl dwide"”.

1.4. Feedback Loops

Viridian’s technological model allows stakeholders to
plan the implerantation and maintenance of NBs in such
a way that it can prevent floods from occurring in certain
catchment areas by stopping it beforehand. For example,
through the construction of Woodland planting or the
creation of meadows (Viridian Logic, 2021). dtevident

that the effective implementation of such NBs will also
mitigate the impact of flood disasters if they are not able
to stop them. NBs do so in a nomnrusive and
environmentally friendly way. Viridians solution
furthermore makes sure that métgpn is effective since it
reduces improper implementation. Finally, since NBs are
themselves regenerative and implemented sustainably in
the local ecosystem, recovering from floods is quicker and
more effective, which in turn reinforces the feedback loop
from Recovery to Prevention.
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Prevention

Mitigation

Best-practice description

+ Given increase in percipitation & urbanisation; efficient
and effective solutions are needed to deal with floods
caused by stormwater in urban areas

» Conventional catchment systems are very expensive or

cannot carry high traffic load

* Bufferblock fills this gap: It used high-tech engineering to
create blocks that store water and still carry highy traffic

Innovation

* Bufferblocks combine
maximum space for water with
high stability

» Awarded the EU Business news
Best Rainwater Drainage
Solution 2021

* Solution is easy and efficient to
implement, scale and maintain

Prafitability

* Solution is more cost-effective
in installation

» Maintenance is similarly
cost-effective; Bufferblock can be
inspected and cleaned with
standard sewer equipment

* Currently at small-scale

commercialization

Challenges, Solutions & Scaling

« Integrated feedback from clients successfully to accelerate their impact

» Company made great progress in designing, developing, testing and

commercialising their products

» Two-vear long testing and data gathering phase was ‘Completed il Fhe

Green Villagevisibility

* “Due to climate change we see great opportunities and an increasing

need for water storage systems”

Human Impact

* Optimally alleviates impact of
floods, especially from
stormwater for urban areas, hence
has the potential to create
immense value for more and
more citizens living in cities.

* Installation is relatively easy
and time efficient



2. Mitigation

2.1 Engineering solution

2.1.1. Relevance & Context holds true especially for AquiPor, but also for the other

Flash floods caused by rapid and excessive rainfall am@mpanies, they can be seen as a complement to

among the three most common types of floods. ExtrerBefferblock’s solution.

precipitation due to climate change is expected to increase

the frequency and intensity of flash floods (WHO, 2019;

(United States Environmentald®ection Agency, 2021).

Drowning from floods accounts for 75% of deaths (WHO,

2019). In the US, vehicleelated deaths account for the2.1.2 Difference to other technologies

majority of deaths during many floods, Over half of th&here arealready a myriad of stormwater catching

fatalities from flooding and flash flooding from 2011 tosystems available on the market. Clinkers or levelling

2020 hasoccurred in vehicles. Furthermore, vehiclepaving only creates marginal impact and often leads to

related deaths reached ayé&ar high last year (National pollutior™. Another solution are infiltration crates.

Weather Service, 2022; Pulver, 2022). However, sutfowever, they are expensive to set up since theg ka

causes are in need of being confirmed on a global scale.laid deep in the grouffdEspecially for cities with high

What is nevertheless highly apparent is thetopped and groundwater levels this solution is inefficient since the

still accelerating increase in urbanisation worldwiderates there are very quick to be flooded. Finally, plastic

(Ritchie & Roser, 2018). While the inclusion of NBsrates are efficient and easier to implement, however, they

should be indispensable in building wasensitive Delta lack in béng able to hold heavy traffic loadsTherefore,

cities, many cities are built out of concrete or need roaBsifferblock is one of the best solutions that can handle

for transportation.However, roads have impermeabldoth large amounts of water, while being able to hold

surfaces that can accelerate the impact of floods. heavy traffic (Deltacommissaris & Bufferblock, 2020).
Hence, efficient and effective solutions are needettcording to an interview with director Hill Dorian Hill:

to deal especially with floods caused by stormwater inl n ¢ o n t ticacsates, Bufierblpcksacan handle

cities. The researchers searched in the Climate Innovatlarge amounts of water with a high lebdaring capacity

Window of BRIGAID (see 6. Methodology), EU directly below street level. The blocks can also be used as

databases and on the StartUs insights website to find lghatweight filler material. In areas sensitive to settlement,

most innovative and impactful solution addressing ththe Bufferblocks also make it possibte ¢levate an area

challenge. Among the most promising were and store large volumes of water. In addition, the blocks
e Flood Con? can be easily cleaned just
e AquiPor?® (Smits, 2020).
e Polder Root

e Bufferblock
After careful evaluation, Bufferblock was selected. The
other solutions, while innovative and effective were
either tackling side problems to flooding, like water
pollution (Flood Con) or not creating as much impact as
would be needed for municipalitiesdeeate also large
scale flood mitigation (Polde Roof). Finally, and this

18 hitps://floodcon.com/ https://www.urbangreenbluegrids.com/measures/infiltrat

19 https://aquipor.com/ ion-boxesandinfiltration-drainswells/

2 hitps://dakdokters.nl/en/poldenofs/ % For a more extensive analysis of benefits and
drawbacks of thessolutions, see:

21 For a moreextensive analysis of benefits and https://www.drainagesuperstore.co.uk/haimt

drawbacks of these solutions, see: advice/produchuides/undergroundrainage/storm

https://www.urbangreenbluegrids.com/measures/perousvaterstoragecrates/
pavingmaterials/

22 For a more extensive analysis of benefitd a

drawbacks of these solutions, see:
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https://www.drainagesuperstore.co.uk/help-and-advice/product-guides/underground-drainage/storm-water-storage-crates/

213 Wo rk|nq Of technoloqy Option 1; Bufferblocks connecled to road gully with filter :I'nd :a:wd trap

The Bufferblock sol ut-ecn Road with pavement stones or asphalt  J D
engineering modellingp create a block that stores wate e e A G"D“:‘n o
and stildl carries high i ock

{Nieuwe Waterbergingen Infiltratiesysteem [EN] New
Water Storage and Infiltration System})

l//l/Jl

(side Niew)

I
During heavy stormwater, Bufferblock allows water t ‘
infiltrate intothe respective subsurface (Deltacommissar 55, 8 L t \’ J
& Bufferblock, 2020). Most often, below the subsurfac : Wt # N\ Gootaxtle
refers to below street level. Figure x below shows we |__ IR _ S A e J
how the solution works.

P [Figure 4: Bufferblocks: Water enters througbad gully
] e given impermeable surface Dgltacommissaris &
Bufferblock, 2020Q)

Geotextile
Waterpermeable pavement Drainage sand

' 4 4
=/ E=
..- [Sts)° /\( : rr : &2 Bu"-l' hlocks
llll..l.l ag SR (selq )
eEEen S I
T ) e d ,
- I -+.- *. -,‘-*'- .‘ .; o)
£ 3 DRI il ity 4 Nis 2 -; ., yv“ Geotextile
X LA RPTPN S .' - rd - - : 2 ) 4‘
'.. .. l.. :’...: ‘.‘ 4 ‘.:_. “‘:._ |
[Figure 3: Visualisation of working of technology e A L S e R s S S

Bufferblock (Deltacommissaris & Bufferblock, 20p0)  [Figure 4. Bufferblocks: Water enters through
The rainwater enters through street gulliege Figure 4 waterpermeable  pavement (Deltacommissaris &

or through permeable road pavemesste Figure 5 (see Bufferblock, 2020)

useful compliments in section 2.1.2. above). Theewis

stored in the Bufferblocks temporarily. The storag@.2. Evaluation

capacity of Bufferblocks range from 266 to 532 litres pet.2.1. Innovation

square metfé. The rainwater can then infiltrate fartheMhile conventional systems hatb compromise on

into the ground or can be drained away (Deltacommissagisength or storage, Bufferblocks combine maximum

& Bufferblock, 2020). Cacerning the mitigation of flood space for water with high stability. They can be effective
impact, a specialist at the woitdemiere installation of in mitigating floods by having large storage capacity while
Buf ferblocks explains; *“ Paing useful dor any vrkam areag even arking ot orl
is of course, that the water no longer has to pass throdgghways for tucks. They were awarded tB&J Business
pumping stations. When the pumping stationgelieved news Best Rainwater Drainage Solution 2028U

of stormwater loads, it will of course be better for aBusiness news, 2022) and made theftopin emerging
parties [own transl at i on tormwater (nBuagement Istartops kworld@ide2ai thg N
Waterberging en Infiltratiesysteem [EN] New Waterrenomated statip evaluatorStartUs insights(StartUs
Storage and Infiltration System}) Insights, 220).

While it scores excellently on being an efficient
and effective Stormwater solution, it has other benefits as
well. Bufferblocks can be created out of environmental
friendly material and are loAgsting. Hence, the solution

4 See thidink for more technical specifications,
including size, weight and percentage of open space:
https://www.bufferblock.nl/en/downloagd#technical
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is sustainable as well. deover, the solution is easy anddroughts (Bufferblock, 2020 {Nieuwe Waterbergirgn
efficient to implement, scale and maintain. Finally, it ifnfiltratiesysteem [EN] New Water Storage and
able to tackle the usually challenging problem of citidsfiltration System})

with high levels of groundwater since they require lowrofitability of company

installation depth. (Deltacommissaris & BufferblockThe company was founded in 204@d has its main office
2020; Bufferblock, 2020 {Nieuwe Waterbergingen in Rotterdam. Their solution is implemented on a national
Infiltratiesysteem [EN] New Water Storage andcale at the moment (Deltacommissaris & Bufferblock,

Infiltration System}) 2020; Crunchbase Inc., 2021).

With several successful pilots completed,
2.2.2. Profitability Bufferblock is at the completion of prototype testing in the
ROI for customers real world and simultaneously acts in initial market

As mentioned, Bufferblocks combine high water storagmmmercialization (Deltacommissaris & Bufferblock,
with stability to achieve the optimum eftaeness in 2020; Bufferblock, 2022).

mitigating floods while carrying high weights. This lays a Since its founding Budérblock has raised around
solid foundation to guarantee a high return on th 1 0 O - t0 8eQelop and scale its innovative products
affordable investment for clients. The effectiveness atibealflow.eu, 2021). In the year of 2019, under the
efficiency of the solution ranges from their fundament&duropean Innovation Council and SMEs Executive
design, to relatidg simple installation to easyAgency, the company -witias ed
maintenance. EU contribution & € 5 0 (Cfuficbase Inc., 2021,

In comparison to infiltration crates, the highEuropean Commission & CORDIS EU Research Results,
strength of Bufferblock means a thinner top layer 8020). Another investor is Navus Ventures, a Dutch
required. This in turn reduces the installation depth whileenture capital firm investing in, among others,
guaranteeing high buffering capacities. Hence, tlseistainable storage sectors in the Netherlands and
solution is more coseffective in installation. The neighbouring counies (PitchBook, n.d.). Finally, in
simplicity of installing the blocks an be observed by aanuary 2020 another fundi
snapshot of loal construction in Figure 6vas realised with EIT Climat&IC, one of Europe's
(Deltacommissaris & Bufferblock, 2020). largest cleantech accelerators (Dealflow.eu, 2021).

2.2.3. Human Impact

The Bufferblock solution optimally allevies the impact

of floods, especially from stormwater for urban areas,

hence has the potential to create immense value for more

and more citizens living in cities. Furthermore, installation

of the Bufferblocks is relatively easy and time efficient,

making t attractive to small and large municipalities, as

well as minor to major other public authorities.
Furthermore, the solution is flexible in design;

Director Dorian Hill expl ai
s is based on separate elements that can dssiyrranged
[Figure 6:Installation of Bufferblock on site in all kinds of configurations. Together with engineering
(Deltacommissarig Bufferblock, 2020) offices and municipalities we search for the best and most

Maintenance is similarly cosiffective. While other efficient way to store the excess rainwater, allowing it to
solutions require specialised maintenance, Bufferblogkiltrate or drain into surface water, sewage or water

can be inspected and cleaned with standard sewgfificaton f aci | i ti es where nec

equipment (Deltacommissaris & Bufferblock, 2020). Additionally, Bufferblock’'s maintenance is
Finally, the Bufferblock solution has myriadneither cost nor knowledgatensive. Dorian Hill

benefits beyond mitigating the effect of floods. Itisablg g v o c at e s : “ )t also app

to store or redirect water where necessary. It also makfisiterblocks use the same method of maintenance and

sure that soil is infiltrated at a S|Ower, more absorbah‘%pection ass used for sewer Systems since they already
pace. This means it can ensure enaffective sol have a | ot of experience Wi

infiltration. Hence, it is able to alleviate heat stress and
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Beyond coseffectiveness and flexibility in design, The project in Capelle aan den IJssel, near
implementation and maintenance, Bufferblock’s solutidRotterdam, has reaped the substantial benefits of the
has two other main benefits. First, water thatakected solution already: The Bufferblocks have been used in the
in Bufferblock goes back to e.g. provide for droughts aesidential area to prevent urban flooding and minimise
water plants. This was already realised successfully in thail settlements (Climate Innovation Window &
project Diergaarde Blijdorp [EN] Rotterdam ZooBRIGAID, 2021). This project was the wodttemier of
(Bufferblock, 2020). In general, a main benefit ovethe Bufferblock solution. According to key representative
infiltration crates is that Bierblocks guarantee a slowof the solution on the site, many more municipalities were
infiltrating of water into the soil (Bufferblock, 2020 interested in the solution (Bufferblock, 2020, New Water
{Nieuwe Waterbergingen Infiltratiesysteem [EN] New Storage and Infiltration Sgem).

Water Storage and Infiltration System}). Secondl, the However, there are still challenges to phase,
blocks are environmental friendly and lelagting, especially since the solution is not yet walown on a
making it a st ai nabl e i nv est meamgnatiohad or glodali ssalet ®irector Ddmian Hill
Bufferblocks can be made from recycled concrete aedx p| ai ns i n an interview:
have a long | ifespan” ( Dsgs$tamaso yommavesoexplaimie | K" B8 mif s b |
2020). indicates that, as with many new innovations, credibility
and visibility still remains a challenge to achieve
2.3. Challenges, Expectations & Solutions maximum scale and impact.
As already deductible from their several successful Nevertheless, given recent successes, Bufferblock

funding rounds since their founding only four years agas holding advanced discussions with selera
the company made great progress in designingunicipalities in the Netherlands. Interests have also been
developing, testing and commercialising their productexpressed overseas, for example in the United Kingdom
Moreover, they integrated feedback from clientéSmits, 2020).

successfully to accelerate their impact. During the Apart from national and possible trabsrder
exectuion of Bufferblock projects, clients deemed it usefubxpansion, knowledge transfer is becoming a real
to be able to connect the Blocks to existing sewensossibility for Bufferblock.According to a Bufferblock
Adopting this wish into their design, the Bufferblocks caspecialist at the construction of the wepcemier in

now be used as an infiltration/drainage transport sewérap el | e aan den | Jssel; “ W
pipe as well (Bufferblock, 2022). forerunner. We will provide data to others [own
At the end of last year, atweear long testingandt r ans |l at i on] ” Sp‘e.c.i fwictah |

data gathering phase was completed in The Green Villasensors thélocks will be monitored to check the water
During this phase, test on strenght, water storage volulevels inside the blocks and the soil settlements. This data
and infiltration rate were conducted in the Waterstraat will be shared with other municipalities who want to know
the Delfland Water Board,®/ Delta and Green Village onmore about the effects of the Bufferblocks in preventing
the TU Delft site. The Green Village is an organisatiourban floodings and minimising soils et t | e me |
uniting stakeholders to connect innovation witt{Bufferblock, 2020, New Water Storage and Infiltration
entrepreneurship, located at the physical location of De8stem) This could potentially be shared on a global scale
Campus in South HollaAd (Bufferblock, 2022; Smits, since Bufferblocks longerm goal is to make its solution
2020). available beyond Dutch cities. This means that many
Following this successful prototype testing, thinterested citieson a global scale, facing the same
Bufferblock solution has been optimised and made marichallenges under climate change, could benefit from this
ready for masproduction. The solution has now beelinnovative solution (Bufferblock, 2020 New Water
applied in five projects: namly in Capelle aan de ljssel @torage and Infiltration SystermAnswering the question:
South Holland, Diergaarde Blijdorp/Retdam Zoo, Where will Bufferblock be in five years” time [Interwe
Zevenkamp in Rotterdam, Dordrecht and Zwijndrecht was 2020, hence from standpoint 2020 in 3 years time];
South Holland as well. Director Dorian Hill eluci c
just in the Netherlands, but also in Germany, Belgium and

25 For more information on Green Village; please consult
the following Link:
https://www.linkedin.com/company/thegreenvillage/
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Prevention ~ Mitigation

Best-practice description

* FloodMapp provides solutions in three Disaster
Management stages: Preparedness through early
waming, Response through Live Modelling and
Recovery through instant water level data availability
post-flood

» Shifted from the conventional physics-based approach
used in hydrology to move toward a data-driven

approach

Innovation Profitability
* FloodMapp has developed a « Initial funding round of $1.3 in
world-first flood modelling 2019
technology to predict flooding at | « Further seed funding leading
a granular, street-level in investor Union Square Ventures
real-time (USV), at the beginning of the
* FloodMapp is collecting year should allow further
real-time ground observation data | development and scaling
to validate models

Challenges, Solutions & Scaling

* Spending a majority of time on building a first prototype (an app at the
time, not a highly compatible software as is employed now) was not
productive and efficient in the long-time

* Product now highly successful & integrated with Goo}le s Waze ™

» Collaboration with other private firms in insurance market

* Business received inquiries from Brazil, the Philippines, India, Europe
and the UK over the past few months

Lant et 382100 00 Q100 LT 1N

Human Impact

* Real mission with a bottom-up
approach

* More intelligence on ground
level - people make targeted
decisions, take their valuable
belongings, etc.

» Meaningful collaborations and
successful projects

Z >


https://www.youtube.com/channel/UCBt1kkLAaiJX5jXObuRuV6Q
https://www.youtube.com/channel/UCBt1kkLAaiJX5jXObuRuV6Q

3. Preparedness

3.1. Societechnological solution The CamLevel has several benefitseexling the ones of
3.1.1. Review of technologies and selection of Best ~ conventional sensors. When combined with conventional
Practice/Relevance & Context sensors, it can greatly improve the measurement accuracy

The Preparedness stage is one of the most recogniaéfluvial flooding. Tenevia (2020) give the following
stages among stakeholders to react to flood disastergerview of benefits and limitations in their online
Beyond building dams and the like, officials have laid webinar:
large focuson being prepared for disasters throug Measurment hv camera
effective early warning systems. While implementation ¢
said systems still faces many challenges, the market
early warning (emerging/new) technologies, at least in t Benefits Limitations
Western World, is considered by many qussurated
(Emergen Research, 2022; PVTO01, PVT02, PUBO03).
However, creative Entrepreneurs continue to fi
unconventional ways to combine cadtective sensors
with  machine leamning algorithms and artificia
intelligence to improve accuracy in monitagiriver levels
or complementing Meteorological data for pluvial and
fluvial flood forecasting. Two interesting stapp [Figure 8 Summary of benefits and drawbacks of
examples of such creative technological interventions g@nventional sensors (Tenevia, 2420)

the French company (1)Tenevia and the (2) Dutch ~ The main advantage is that the camera is not
company sustainalfiy submerged and is hence protected from floating debris
(1) Tenevia (Tenevia, 2020).

Tenevia (n.d.) developed camera sensors placed above The measurement of the water level is carried out
standing or moving waters (e.g. reservoirs, turbulent rivifough atomated detection of the waterline through
flows, etc.) to measure, monitor and forecast the evolutifRage sequencing. So the smart system employing image
of rivers and hence floods. The -salled CamLevel recognition software and machine learning compares one
measures the water levels of ais differently from image of the water line to another and determines the
conventional sensors. Tenevia (2020) provide tiifference. Connected with a staff gauge, thisves for
following overview of existing sensors in an onliné€asy and intuitive visualisation, as seen in Figure 9.
webinar: 7

Existing sensors

mtations

[Figure 7: Summary of benefits and drawbacks of
conventional sensors (Tenevia, 2020)

2" For an indepth review and assessment of Flood Early For an indepth analysis of Rangiependent thresholds for
Warning Systems for Flash Floods, please consult the glo_bal roo_d garly warning please consult the following journal
following journal article (Henao&gado & Zambrano Najera, article (Alfieri et al., 2019)

2022)
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[Figure 9: Example of technological visualisation

(Tenevia, 202Q)

The Entrepreneurs behind the solution founded the

company in 2012. Arnaud Brun and Georiybeie

Saulnier based their semsocand software on advancec

scientific research. The company originated from ‘

European AlpWaterScarce project; through innovative

technology incubators, the IMAGINE project that the tw !

researchers launched became a reality in the form of |

simplified joint-stock company TENEVIA. 1

This solution, while not revolutionising the way in whick

flooding is forecasted, is still highly innovative. It was _ Wl |

awarded the Jeune Entreprise Universitaire (Ne L L

University Company) and Jeune Entreprise Innovan

(New Innovative Company) labels in 2013. Two year:

later, ! n. 2015, 't got a Y\E%dreula ¢02' measurement over different time

Innovante (Innovative Company) label (Geneva, n.d.)). ~ . . .
o . . . [%enods; before flooding (orange), during flooding (red)

This indicates an interconnectedness from innovation 10

. . . .. and after flooding (blug)
more growth to more investment into innovatiom o o -
evident. These preliminary findings could open up a prediction of

looding usihg the measurement devices of sustainably.io.

Concerning scaling, the company has recentI[y. _ . ) . .
. his is an innovative example of an emerging social
been sold to a group (Personal communication, 03 June

2022). It can hence be interpreted to be Successfulelrr1]terpr|se that adopts unconventional ways of using, here,

creating more human impact. The main clientele of thmachme learning and CO2 leakage to predict flooding in

. . _ - . c%allenging areas.
company is public actors: municigees, cities, _ L
. While research groupsd municipalities do show
governmental departments or other local authorities and

.. Interest in these devices, the siaptis, to date, in the
waterway management associations (Geneva, n.d.). _ . . .
. arliest maturity stage: Prototype testing 1:1 in the lab and
Finally, even though the company was nqg . _ i
. : in the real world. Additionally, it has to be pointed out that
selected as a best practice, its technology mat (Ies company is a qood example of sustaiigbind
considerable progress in rdéé modelling of fluvial pany g b u 3L

flooding. Their monitoring devices provide rdishe inclusivity throughout the production process. The

information about water levels during flood events. Th%rOdUCtIon is caried out in Maastricht itself in an

technology hence acted in the preparedness and respgﬁggnlsatlon employing people with Down syndrome,

stage people with disabilities or refugees. The material of the
2) Sulstainablv i sensors is biodegradable. Finallyetunderlying mission

. . . is a social one driving all involved stakeholders. While
A second unconventional, creative, but promisirigtgm _ - . . . .
there is the possibility of scaling, the way in which scaling

to predicting pluvial flooding is being developed in _ _ _ _
Maastricht, the Netherlands, by Researcher ar%fghtdt_)e re;ahged Imudst also be sl,u.stalnat)lg a|2|d '_ndﬁ‘:_ve’
Entrepreneur Burak Can and his Master's student teant s oing fo involved personnel in sustainably.lo. This

well as intems. The recently founded stapt could potentially reduce the pace at which the company

: . . : L can scale and create more revenue. However, creating
sustainably.io focused on air quality measgrdevices.

When the social stattp installed and observed airqualityrevenue is not the objective of this stapt (PVT 03,

Sustainably.io, 2022; JulyViefhues;R., 20223,

levels in households in a former mining city, they h : o i I h i
observed something particularly interesting. A stark ese wo staitips exemplity well how @ative

difference in CO2 levels in the periods befodriring and and unconventional solutions open up new ways of

after flooding in théormer mining city was observedee increasing resilience through early warmning inthe
Figure 10. Preparedness stage.

|
0

£ N

28 To learn more about the flood prototype in development at
sustasinably.io, please get in contact with the organisation
through its websitenttp://sustainably.io/
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Nevertheless, they are complementary ratherthanc qui r ed “dat a gl obally ani
market revolutionising solutions. As explained inthe firdt r e el y ac c e s s i b.IFathermpr€imany e
part of this report in the market analysis of Disastetakeholders from the private gineering and
Management, one of the major technologicajovernmental sector are already using their own sources
advancements currently transforming the market fgr satellite data or opesource data. While higher
satellite technology. Emergen Research (2022) expla&écuracy in evaluating a large area is recognised as
that technological advancements in satellite technologyelpful, especially for governments or organisations with
together with Artificial intelligence has greatly improvedimited capacities antesources, this is considered a future
weather predictions and damage maintenance. The matk@iplementary solution rather than an solution catering to
analysis furthermore explaidethat satellite technology an acute need to increase resilience. Furthermore, satellite
allows greater preparedness and resource placementeghnology still has many limits for flood management
well as recovery through better damage assessment gépscaping, 2022; PUB03; PAP02)
understanding of where restoration is required. Emergen ICEYE ako scores lower on the social aspect
Research (2022) points to AiDash, a leading provider ofucial for the most essential criteria of this review:
satellie and Atpowered solutions, who developed angduman Impact.
recently launched a disaster management system based on Hence, a second review of neatellite
satellite data and analysis. While the system focuses gmpanies was conducted. Many companies did however
storms and wildfires, great advancements have been made satellite technology as a complementary check for
especially in the flood sector. ther modelling systems.

Througha search in statip evaluator platforms Among starups, FloodMapp stands out as it
and webpages, a stanp focused on satellite technologyprovides highly accurate flood forecasting, aale
stands out: ICEYE. The company made greatodelling and a comprehensive strategy, including
advancements in the field of collecting, analysing anglistainable recovery. A further major point of how it stood

Prepare Respond Recover

providing satellite data related to natural disasters. ICEXHIt among others was that it is not a statahe solution
was able to scale and raise funding rapidly over the lasbét continuously looks for partners to improve its
years. Over the period of 2014/15 (transition frormodelling solutions with the core value of increasing
Stanford University Technology Venture program to eesilience of the most vulnerable. FloodMapp is one of the
registered company) to the beginning of 2022, it rais& Top Emerging Stormwater Management according to
$261mio in funding. It had also exmied its operations StartUs insights.

from Finland to Poland, the UK, the US and Spain. The

readiness of the satellites for a specific location is

immense. ICEYE has one of the largest SAR satelli®l.3. Woking of technology & Differentiation to
constellations and can therefore image anywhere in tb@mpetitors

world within hours, acording to CEO Modrezwiski

(ICEYE, 2020; Sheetz, 2018). Fundraising of this scaJ€igure 11 FloodMapp provides solutions in all three
was referred to as " a stDQisasgleaMadageSient sitages: Rrep&redhelssahyough o u n
Sheetz (2018). While these factors can certainly generatly warning, Response through Live Modelling and

a lot of value for stakeholders, particularly from th&ecovery through instant water level data avallgb
bushess and larger governmental sector, ICEYE remaipestflood (FloodMapp, 2020)

a profitoriented company. At the stand of 2018, ICEYE
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Figure 11 depicts well how comprehensivé\s evident in the above graphic (Figure 11), FloodMapp
FloodMapps modelling services are. Especially a -negrovides its services before (ForeCastyjmy (NowCast)
reatlifetime model (NowCast) is something that waand right after (PostCast) a flooding event happens. This
rarely available on the market when the company waseans it acts at three key stages of the Disaster
founded in 2015. Athtat time, forecasting and modelling,Management cycle: Preparedness, Response, and
in general, focused on meteorology and hydrologyecovery (FloodMapp, n.d.).

(Dorgan, 2022c) In the Prevention stage, conventional forecasts,

These modelling methods, as already discussedwhile being quite advanced, are still mainly provided as
the Viridian NBs case study, are often still quite static arilbod height. This does not deliver an understanding of
rigid, failing to fully seize the potentighat new big data, where exactly and by how much the flood impacts a given
machine learning and deep learning have to offegrrain (FloodMapp, n.d.). However, there has been an
(Crunchbase, 2021). Furthermore, these modelling amgreasing call for having this informai in a format that
forecasting systems were mainly developed and used i®more helpful to community members on the ground
and by government officials or municipalities. Rarely wagvel. With many generic flood warnings, certain tiredness
a model accessible arnderstandable for the averagdrom the social sector is expected in many cases (PUBO1,;
citizen, who is often the most vulnerable (Crichton, 202PUBO03). Here, FloodMapp’s DASH can provide specific
PUBOL; PAPOL). flood impact inbrmation at the property level (see Figure

The founders of FloodMapp, Juliette Murphyl2). DASH can deliver Flood information at the street
(now CEO) and Ryan Prosser (now CTO), howeveevel since it runs on an up to therietre grid, enabling a
wanted to develop models not only for decisinakers on 200 times finer picture than conventional models
amunicipality or government level but also for the averag&loodMapp, n.d.)
citizen. They, therefore, wanted to move away from t - SO s
conventional physiebased approach used in hydrology t A
move toward a datdriven approach. This allows seizing
the benefits of more broadlyvailable techniques in :
computer sciences to make previously highly complds -
solutions easier to deal with for modelling and forecastingg i
More specifically, the timéntensive calculations of " :
secondorder differential equations are needed for higff; |
resolutionmodelling (Crichton, 2021; FloodMapp, n.d.).

Instead of using rigid and computational compl
hydrological modelling techniques, FloodMapp used-rea
life data. Juliette Murphy explains in an interview: "W¢ :
have really sort of broken the speed barrie€tighton, : . 0 e B
2022). The work that went into this transformation led t§ 19Uré 12 FloodMapp's DASHForecasting model
the creation of DASH, the company's raaie flood (FloodMapp, n.d. _ _ _ _
Model (NowCast) (Crichton, 2022). DASH was created The model mgests reame river height and
by FloodMapp's multidisciplinary —team, bringingramfa"_ data to deliver highly gccurate forecasts.
professionals from the industry, aemdics and data According to F.|OOdM<’.ip.p (n.d.), their model proyed- 90
scientists together. DASH stands for Dynamic Automate%ao/‘_’ accura_te in predicting floodgd areas (see Figure 13).
Scaleable Hydroinformatics. The purpdsslt modelling Their Floodimpact maps are available up to seven days
system provides information in reane from forecasted @n€ad of the actual flood occurrente.
rainfall and river heights. It's highly precise from the street
level tonational views. It reaps the benefits of new cutting
edge technology and scientific accomplishments with
traditional engineering approaches (FloodMapp, n.d.)

29 To know more about FloodMapp ForeCast, please consult
the following link with benefits and drawbacks as well as-case
studies:https://www.floodmapp.com/fecast
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August 2017 Flooding in Lakes on Elridge, Harris County, Texas USA

[Figure 13: FloodMapp Forecast (green) compared to

real flood impact (FloodMapp, n.d.)

Finally, in the recovery stage, many efforts of first
responders and general resouragrdmation are still in
need of optimization. FloodMapp’s Postcast model can
help here as well. While physical flood surveys and
inspections are timely and costly, detailed information
about local flood extent and depth information can
enhance understangjnvhat is needed where.
FloodMapp’s PostCast models can map the depth values
in great detail at different timesteps. Furthermore, it can
identify the number of assets impacted and estimate
reconstruction costs (FloodMapp, n*d.)

For their NowCast model, FloodMapp (n.d.) relie‘MOde"ing Flood At Scale

on realtime rainfall data andiver height information. It

can deliver dynamic flood information on live mapping
feeds as the flood is happening (see Figures 14 and :
Traditional models and satellite imagery is not able 1
provide the same accuracy and e information. This

ladk of timely information can lead to lacking situationa
awareness, in turn endangering lives (FloodMapp,®.d.)

Real-time, Street-Level Flood Intel

i

at real time (FloodMapp, n.d.)

b ”‘”

[Figure 15: Example 2 of NowCast modelling
visualisation at real time (FloodMapp, n.fl.)

[Figure 14: Example of NowCast modelling visualisatior 05 m Elevation Aesolution 015 m Eievat
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[Figure 16 and 17 Example for PostCast flood event
package (FloodMapp, n.d.)

While these modelling approaches were already
transformative  for modelling and forecasting,
FloodMapp’s modelly system interoperates with GIS.
This is possible by offering a data layer which can be
combined with other data streams. Furthermore, they
continuously seek new partnerships and collaborations to
make its models more accessible to broader populations
(FloodMap, 2020; TechCrunch, 2022)

Most recently, at the beginning of this year,
FloodMapps DASH is being integrated with the
navigation app Waze through a pilot program in Norfolk,
Virginia (Dorgan, 2022c). Googlewned Waze is a

3070 learn more about how FloodMapp NowCast can improv&" To know more bout FloodMapp ForeCast, please consult

the responseta disaster, please consult the following link:

https://www.floodmapp.com/nowcast
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navigation app for p r i Med to eapid scalings(CruncHbase, 20228bg Dofganc2022c).
information and immediately analyzes it in order tét the start of this year, another important funding round
provide othe Wazers with the most optimal route to theiwas finalised. As mentioned above, it was led by New
destination, 24 hour s a Yodkdaséd ventGre capitalst WE uSguare Veénturesn .
Juliette Murphy, cdounder and CEO of FloodMapp, (USV) (Dorgan, 2022b).

explains that “by mixi ngWhié fuading is lindispensablen ®r aayn stap,rtlaei n f
t he company’ s f or e c a svers mmnaging team ratd-loazligapp loaks dubfar mvestrs that
using Waze to receive payp icons and audio alerts,are driven by a somewhat social mission or at least agree
warning them about flooded streets along their route wath compromising on profit for resilience torae extent.

help avoid property and lifet hr e at e ni n dnanin@rzievrcaherniig this most recent funding round,

(Dorgan, 2022c). Juliette Murphy, CEO, was

investment thesis and the way that they worked really
3.2. Evaluation aligned with what we wer e
3.2.1. Innovation says.

In the above sections, it has already become clear h{idorgan, 2022b)

innovative and unique FloodMapp’s solution is from a

technological perspective. In a recent funding round f8r2.3. Human Impact

FloodMapp, leading investor Union Square VenturéSynthesising various news articles and general online
(USV) confirmed the innovativeness of tlslution. presence as well as the content published on FloodMapps's
Partner Ni ck Gr ossman s twebsiéesitbecdmedhapparent thak te people dfivang then
climate crisis, and we need the best and brightest thinkesgrtup's success have a deeply rooted social mission at
innovators and inventors from around the world to tuimeart. Cefounder and CEO Juliette Murphy has

t heir collective t al ent expedencefl flondihg, stgdied €nvifonntertab engineerind o
(2022hb) . Tlladety partner evith ‘FloodMapp, specialising in water resources and started her career in
our very first adaptatiofocused investment. FloodMappconsulting. While she enjoyed solving complex problems
has developed a worlirst flood modelling technology to for and with companies, she explains that by beogran
predict flooding at a granular, strdevel in reait i meEhtrepreneur, "you're getting to solve a problem that you
(Dorgan, 2022b). While this innovation is certainlycare deeply about and really push the boundaries to bring
remarkable, another important point for USV was th&mething new to life." (Dorgan, 2022c) Together with
coordination and collaboration with other companiegxperiencing the adversity of flood disasters herself, a real
“what excites us mo st a missiort withFal babordpVepgropch was borh: Kitestruek a t
network effect. By working with emergency managers amde, whilst government agencies are doing an incredible
communities through partnerships like WazlepeMapp job, there was a real lack of hydraulic forecasting"
is collecting reatime ground observation data to(Dorgan, 2022c). Murphy saw the potential power and
continually vali dat e a n desilience phat bydraulic moolalliegl cauld give tdpeaplg @t n

2022D). the property level, she explained that with more
intelligence on the ground level in terms of early warning
3.2.2. Profitability & customers of the infrastructure that will be affected by flooding:

FloodMapp works together with government bodies arigeople could have that knowledge to make targeted
critical infrastructure managers. However, givenirthedecisions and make moves to take thgaluable
primary goal to protect people at the property level armklongings or save their lives in some cases" (Dorgan,
empower them through meaningful information, they als2022c).
offer products to property owners. Finally, FloodMapfhe social mission and entrepreneurial spirit, as well as a
hopes to enhance its impact and profitability bgmall but motivated team, drove many meaningful
collaborating with companies in thesiurance market collaborations and successful projects that have already
(Dorgan, 2022b). increased the res#hce of many vulnerable people against
FloodMapp is already available across large parfi®od disasters in preparing better, responding more
of Australia and covers 90 per cent of the continental USgfficient and recovering with more easy and sustainability
l'ts initial fundi ng r oun dArmostronget al. 022;Crucbbase, 2022apGrunchibaser
St eve Baxter's Transi ti a022b; Dergar, 120224; nFacebsdk,mFdoadMapp, 20829 v

rebanded as TEN13), Allectus Capital, and Jelix Venturé&gurphy, 2022a; Murphy, 2022b; Facebook, FloodMapp).
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In a recent interview, Juliette Murphy stated tha¥ost recently, they have collaborated with Codification.
FloodMapp is "now seeing the impact of our live tour€odification's Crunchworks software was able to integrate
updating every 15 minutes, pushing live flood hazardspth technologies within just a few dayzay, 2020;
based on our predictive modelling, towadnis on the road Dorgan, 2022c). fie joint force's approach can accelerate
that can then avoid those hazards in-teaé" Dorgan, the pace of insurance response, meaning-figghclaims
2022c). The cdounder is confident and motivated to keegan be dealt with more efficiently and effectively. The
going: "And our team has done that, and | think there's jusintribution of FloodMapp's models is that they provide
nothing more rewarding, and it gives me goosebump®attime automation of where claimants aredted in
(Dorgan, 202a). relation to floods. Daniel Sandaver explains in an

Lastly, FloodMapp also stands out in the way thatterview that "The speed in which you provide this data
they continue working with and for clients after a disastes important because it translates into faster triaging and
"As a team, we do technical debriefs following any majassessment capabilities, prompt emergency responses
event, and as a peogdiest organisation, we also look atfrom assessors and efficteresource allocation to the right
how our response affext the health and wellbeing of ourclaims™" (Dorgan, 2022c).
team as well," She furthermore explains the benefits of ttghile this collaboration could increase revenue rapidly by
for the affected and vulnerable: "We make time for thesginging in profitable big insurance companies,
kinds of debriefs because we know we are in reactiéhoodMapp Juliette Murphy still focuses on the real effect
mode in the heat of an emergency, so it's impottatake for vulnerable people on thground level, at the end
time afterwards to stop and reflect" (Dorgan, 2022a). spectrum. In the same article about collaboration with

Codification, she explains: "We know that with better
3.3. Challenges, Expectations & Solutions situation intelligence before, during and after floods, there
When looking at FloodMapp's past successes, it isa better chance that people, assets, and infrastruature ¢
important to recognise that as a stgt the company had be better protected and more easily fixed" (Dorgan,
faced many challenges that would have been approac2€@22c). An important remark was also made by Daniel
differently now. Juliette Murphy explains in an interviewsSandaver, Codification efmunder and managing director,
that spending a majority of time obuilding a first about general collaboration among businesses. He is
prototype (an app at the time, not a highly compatibonfident that "if more technology pralérs can work
software as is employed now) was not productive amdgether on powerful integrations, such as the partnership
efficient in the longtime as it did not cater to the specifidoetween Codification and FloodMapp, it would improve
needs of the market. Time invested to pursue such a stamolw the insurance industry is supported, equipping them
alone appfeature would have been better invested with powerful tools and resources when they come up
developing the current Application Programminggainst a natural disger" (Dorgan, 2022).
Interface (API) product (Dorgan, 2022c).
This product is now highly successful as it is beinRegion of Impact and global scaling
integrated with Google’s Waze (see above). Further sgggodMapp's technology is available across Australia and
funding at the bginning of the year should allow furthefihe continental USA. However, global scaling is a key goal
development and scaling. However, also here, the sogi{ the starup. Current news articles explain that "the
mission is important for Juliette Murphy, CEO and coyysiness has started teceive inquiries from Brazil, the
founder. In an interview about the recent seed fundraisipgjlippines, India, Europe and the UK over the past few
round, she explains: "We'll be scaling up d¢echnical months" (Dorgan, 2022b). The challenge to fast scaling is
engineering team, as well as ourtgemarket team here technology al in nature. Juliette Murphy explains: "We
in Australia, but also in the US to expand that capabilityish we could scale it quickly, but it's not a fébaring
[.] So for us, this means that we're helping motgyp that is inherently scalable” (Dorgan, 2022b). While
emergency managers, more communities to impro¥gpital intensive, when equipped with real data, the
safety and prevent damage frdlooding that is getting technology can be transferred, albeit slowly; as Murphy
more severe every day" (Dorgan, 2022b). This recefilicidates: "From day one, we are dealing with physical
investment can be seen as a confirmation of thgta here, we need infortimn about the terrain, seeing
technologies value and the need for it on the markgfe topography of the land, we need information about all

(Dorgan, 2022b; Emergen Research, 2022). the hardware installations for flood sensors and rainfall
However, FloodMapp also expanded iitgpact through

collaborations and expansion into the insurance market.
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sensors, and that kind of thing, which does sometimes take
time" (Dorgan, 2022b).
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Prevention Mitigation

Best-practice description

* [-REACT is an early warning action system developed
in a 3-year long project - now commercial

* Information from European monitoring systems
Earth observations, Historical information, Weather
forecasts

* Technologies developed: Mobile app, Social media

analysis tool to account for real-time crowdsourced

information, Drones for improving mapping, Wearables (Aquobex Technologies, 2019)

Innovation Prafitability Human Impact

» Next-generation multi-hazard | « According to a managing team * Great progress in connecting
early waming system - ahead of | member, prices are competitive data sources and stakeholders
marketplace at development stage « Recent prices municipalities * Currently in medium to

(Member i-REACT). low prices for the professional large-scale commercialisation
« “Leveraging innovative cyber app and wearables per user per * Focus has always been on the
technologies & ICT systems, month (€5.- & €10.-), higher developing world and SIDS
achieve effective preparedness prices for the Social media App * Replicable as software - to

empowering stakeholders™ (EC) per system per month (€5.750,-) generate maximum impact

Challenges, Solutions & Scaling -

* “Biggest obstacle was the exploitation of the produced output”™ - “The e 7
division of effort and reward should have been dealt with at beginning” '
* Outdated software as University free software was.used: “In a similar

situation, we would examine the proposed architecture'in more detailup
front, with our colleagues [...] with considering what the future would S E
look like at the end of the 3-year grant” o ,\\’1

* Collaboration with other private firms to upgrade software in progress



4. Response

4.1.1. Relevance & Context

While some welbased emergency market companies
offer holistic services, including multiple stakeholders
and data services, there is still a large area for
improvement in using cyber technologies to increase
resilience comprehensively. A forerunner of suxh
multiple-stage system is-REACT. FREACT is an
early warning action system developed inygear long
project.

THE PROJECT IN NUMBERS

[Figure 18 i-REACT project in numbers-REACT,
2016}
The European Horizon 2020 funded project that brought

together research and educatib institutes,
governments and UN bodies. At the end of the project,
it was turned into a viable company, Aquobex
Technologies(Aquobex Technologies, 2019; EC,
2019;). The following infographic from the European
Commission summarises the project processdihg
and output well.

[Figure 19: Infographic FREACT project, (EC, 201P)

32To read more about the LINKS foundation, its aims and
projects, please consult their website:
https://linksfoundation.com/en/
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I-REACT
Grant agreement ID: 700256
&

Ciosed project
Start date End date
1 June 2016 31 May 2018
Funded under
H2020-EU.3.7
Overall budget ‘
€60655 277,50

EU contribution
€5 393 866,75

Coordinated by
FONDAZIONE LINKS -
KNOWLEDGE FOR SOCIETY

L) R=YY

LEADING INNOVATION &

The
project
lead was coordinated by Fondazione LINKS, an lItalien
based but internationally acting organisation fostering
innovatiorf,

The project's ultimate goal was to develop
solutions for a disasteesilient society through modern
cyber technologies and multiple data source integration.
It should empower stakeholders in key phases of the
Disaster Management cycleREACT, 2019] Thigoal
was realised by deriving information from European
monitoring systems, earth observations, historical
information and weather forecasts, and social media
crowdsource information. This was a highly innovative
aspect at the time since crowdsourcedrimfation was
not gathered in this systematic form previously.

Data was gathered and analysed through
established and newly developed technologies; this
includes a Mobile App, a Social media analysis tool to
account for reatime crowdsourced information,
Drones for improved mapping and Wearables for
improved positioning. In that way, the solution enables
citizens to report firshand information and equips first
responders with essential tools for early warning and
response. Finally, it supports the decisioraking
process at the municipality and government level
(Aquobex Technologies, 2019; BRIGAID, ICRES8, &


https://linksfoundation.com/en/

ICATALIST, 2020; EC, 2019;-REACT, 2016; Rossi
& Dominici, 2019)
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Figere 2.4 Lozation of | REALT in demonstrations

[Figure 20: Regional scope ofREACT (Rossi &
Dominici, 2019)

At the end of the project, the solution has been tested
in multiple regions as depicted in Figure 20.

4.1.3. Working of the cyber technologies at each stage
& Feedback Loops

The system structure of eh F-REACT products
developed and now offered by Aquobex technologies
encompasses the following:

I-REACTOR

Moz reved wan
: N |
o ORI T
.

Mobile
Apps

im

Linked Data Big Data Layer
layer |
s |
Miwe vl

Figure 6-1: LREACT architecture as defined in D2.7

[Figure 21:i-REACT system architecture Rossi &
Dominici, 2019

i-REACT acts at all key phases of the emergency
cycle. The following two figures show the Feadk

Loop visualisation of the researchers (above, green) vs.
the Feedback Loop visualisations e(REACT

(below).

|

In their own explanation;REACT visualises Disaster
Management as follows, closely related to the
researcher's interpretation of the DMcley

Prevention Mitagation Prepardness | Response
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PREPAREDNESS

¥
: »

-

RESPONSE PREVENTION

[Figure 22-30: Stages at whichREACT acts explained
in animations (IREACT, 2014)
v

PREPAREDNESS

EANLY WADRING SI5TEM

be

information shall
employed. This includes social media or reports from
first responders and citizens using the React mobile
applicaion (I-REACT, 2016).

Furthermore, crowdsourced

B omyf
A
Through this integration and analysis of multiple data

sources, areas at risk can be identified and monitored
and finally, reaitime warnings can be sent to citizens.

While sending realime warnings already has a
spillover effect the crucial features thatREACT can



provide through the response stage are the following. EEElEE
First, it can integrate a multitude of information sources
for monitoring and status assessment of an emergency,
like fluvial flooding. Here, reatime reports fom
professionals, first responders and citizens are
synthesised to improve positioning. This includes
wearables that are included in tAREACT package.
RESPONSE

Finally, the ankysis and combination of all the data

- = collected along with historical data, satellite and risk

WEARABLES maps, weather forecasts, cresourced reports and
| social media information will support decisiomakers

in taking correct and accurate actions during and after

flooding event(I-REACT, 2016)

PREVENTION

After the data is synthesised and analysed, it can be
visualised on a live map at operational centfEhose

are combined with Robotics automation (RA) like
Unmanned Aerial Vehicles (UAVs) and, of course,
satellite data if accessible.

Y
O

[Figure: 22-30: Stages at whichREACT acts
explained in animationsREACT, 2014)

4.2. Evaluation

4.2.1. Innovation

This was a highly innovative project, awarded
numerous prizes in the category of innovation and
effective use of cyber t
innovative cyber technologies and ICT systems, |
REACT will be able to enable early planning of disaster
risk reduction actions, achieve effective preparedness
thanks to risk assessment and early warnings, and
: . : 4 \ efficienty manage emergency responses by
3 ;;.f\; A3 :oz‘.- ",' empowering firstresponders with u-date situational
information and by engaging citizens through
crowdsouran g approaches and so
(EC, 2019).

The researchers also had the opportunity to
discuss with a managing team member from Aquobex
Technologies who was part of the consortium of the i
REACT project. Aquobex Technologies is currently
further developing and selling the products developed
in the 3yearlong project. The interviewee concludes
t hat “the end product [ .
European collaboration, and we-REACT team]
produced a nexgeneration multhazard early warning
systen that was far ahead of anything in the market
place at that time” (PVTO

To improve the reaction speed of first responders for
whom this data is critical, smart glasses are provided to
visualise augmented reality information and submit
virtual reports. This data, combined with the above data,
will, in turn, allow decisioamakers at control centres to
send reatime instructions to these responders or
warnings to citizens.
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explains that “it was a ¢ Rapidscalipg of theesolatibn wianpossikle throughna |
it brought all types of natural hazards together in one generous EC fund. The commercialisation of the project

platform and allowed 1st responders to aee react to
events ahead of time. The unique use of social media as
a twoway communication service with citizens during
disastersis stillworldi eadi ng” (PVTO02,

4.2.2. Profitability

Costs

Aquobex, a UK company leading in the flood protection
market, formed a new stasp, Aquobex Technologies,

to sell the iREACT solution in a B2B approach.
According to a managing team member, prices are
competitive. Recent prices for municipalities haws lo
prices for the professional app and wearables per user
per mo A & h € -], @ higher prices for the
Soci al medi a App per
control centre app and according to total control room

cost -&€&6 0)(PVIA,2022).
Introductory pricing 2019
END USER PROCNG [v/w)
Per annum
' ered i
v fma der wtemn/month " v tal cost
Dmic REACT* €2,000.00 1 €2000000
Control centre App 75000 1 €9000.00
D413 weogranon seppont € 300000 1 € 3600000

Professional App €10.00 10 € 120000
Drone € 5000 10
<1000 10
€500 10

€ 575000

€ 600000
120000
€ w000 € 200000

o

Glasses
Wearatle

Social meda App

[Figure 31: Introductory pricing for 2019 for an
example 10 user municipality in Europe (Personal
communication, 10 June 2022)

4.2.3. Human Impact
The project has achieved great progress in connecting
data sources and stakeholders. It is currently in the

medium to largescale commercialisation stage,
offering its products to municipalities, other
government bodies and NGOs. Furthermore, a

managing team member at Aquobex Technology
explains that “our focus
developing world and SIDSS6uth Island Development
States) as these countries are most at risk of natural
hazards and have the weakest early warning systems
and citizen engagement”
challenges to scaling build a barrier to expansion to
countries in the Globgbouth, as will be explained in
the following section.

4.3. Challenges, Expectations & Solutions
59

was undertaken in the private sector in the start
Aquobex Technologies-REACT. An interview the
researchers conducted with a member of the Aguobex
marading ) team gave great insights concerning
challenges that were faced in the transition period to
commercialisation and ongoing as well as future
challenges and outlook regarding scaling.

Since Aquobex was part of the original Horizon
2020 project in the consortium, strong ties were
developed early on with the developers, engineers and
researcher s. However, t he
biggest obstacleve faced was the exploitation of the
produced output” They fur
division of effort and reward should have been dealt

-)s vy s twihnand gettled atiihe Ipegirming (@réd hot [éftdthe end

as it produced many rifts
Hence the challenges are related to the
complexity of such projects, including many
stakeholders; the technological complexity, however,
was no problem as “we had
across Europe” (PVTO02,202:

Nevertheless, the technologicarbware that
was used during the project proved unsuited for later
commerciali sation. The i
problem with H2020 programmes that involve
universities and other such government bodies is they
tend to devel op sorl utsitoundse
software and hardware from the likes of Microsoft.
Often these are years behind the current commercial
levels of software release, and the hardware is also
aged” (PVTO02,2022).

The end result, while being a great piece of
innovation, was outdad in its system architecture after
the 3 years of the project. Here the interviewee refers
mainly to the fact that a serverless solution and cloud
based applications should have been thepzoduct,
not a hardwardased system. Furthermore, aspects like
billing the customer were not considered in the original
system architecture and proved to be a challenge in the
corhnzercialisationoétiiessolutiore Elaweveo, at thet ehde
of the pr oj e-REACT parMersare nat f
interested in following up the delopment and sales of
the solution as their business models tend to be from
gotexhméntgrart fuiridiag) A few ¢ ihenpartnersrare still
engaged with us as we seek investment to update the
solution to modern hardwa
2022). As advice teimilar situations, the managing
team member concludes that
would examine the proposed architecture in more detail



up front, with our colleagues [...] with considering what  technological solution is still there today; it just needs
the future would look like at the end of theg&argra t ” reconfiguring” (PVTO02, 20:
(PVTO02, 2022)
Nevertheless, as other technological solutions
are “catching wup with wus [Aquobex Technologies]?"’
(PVT02,2022), the company is already looking to
collaborate with some otherstartp s i n t he USA “that
we [Aquobex Technologies] can add \alio with the
product and our marketing ideas” (PVT02,2022).
Such collaboration could also help in overcoming
another big challenge for the stap: a lack of funding
to update their solutions. The Aquobex Technology
managing team memkefmoneyx pl ai ned, “A | ac
[...] is preventing us from moving forward as it is an
unplanned expenditure and needs to happen ahead of

generating any sales revenue’ (PVTO2Z2, 2022) . They
once again conclude that “1f H2020 ©projects are t
become commercially viable at the etitgn this must

also be the starting point” (PVT02, 2022).

Another crucial challenge was the inclusion of
all stakeholders and endsers, especially civil society,
in the design phase of the social media app. When asked
whether a closer collaboration withvil society actors
would have been helpful, an Aquobex specialist and
former +REACT consortium member agrees:

“Absolutely, we should have had a civil response a
first responders [...] in our consortium and not just as
advisors.” (PVT02, 2022).

Finally, in-depth market research of the

addressable market, municipalities, governments, and

NGOs was pushed to the end of the project. Two

important aspects arose in the commercialisation stage.

“I'n the developed world markets (e.g. Europe), t h
agencies hadlready invested millions in their systems

SO were not going to change wholesale. A piesal

solution was required to add value to the existing

systems” on the opposite spectrum: “In the developi
world (e.g. Africa, Asia) infrastructure is a big issue

along with ongoing maintenance. We should have

included NGOs from these regions in our consortium

too” (PVT02,2022). Thi s |l ed t he intervi ewee t o
conclude that “we should have had [...] government s
our consortium [...]JOur lack of understanding of their

processes and practices was a major obstacle because

the technology can only act as one element of their

entire response and without a greater understanding of

it we missed a trick and some sales”™ (PVTO02, 2022)
However, this partiWeul ar i ssue was tackl ed: “
successfully addressed these issues in the

commercialisation stage, but that is where the upgrades

to the software and hardware became the issue. The
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Prevention

Best-practice description

* The company aims to develop a participatory mapping |
software that should ultimately empower civil society .

*Development of an

empowers civil society members to coordinate needs
and resources among different groups

* Increases accountability and ensures a certain quality
and transparency in data gathering, analysis and

visualisation

Innovation

* Bottom-up approach already in
the development of the
technology makes Homa Reto's
application highly innovative.

* Increases accountability and
ensures a certain quality and
transparency in data gathering,
analysis and visualisation

 Mitigation

organisational

(Images from https://homareto.com/)

tool which [ &

Prafitability

« Company will employ a licence
price modelling with a social
background.

* NGOs and individual end-users
can download the app at a
reasonable price that is

competitive,

Challenges, Solutions & Scaling

* “There is a lot of diversity and a lot of different perspectives [...] it
proves a difficult undertaking to bring these actors together”

» Homa Reto is now in the process of finding invesm{to scale up their

solution.

-

-

« What keeps the team going in this process is "a mission that makes

sense to people [...] that is overdue and relevant" (Elaine Donderer,
Founder and CEO of Homa Reto, 2022)

f o oot
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| Respond _Jig
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Human Impact

* Challenges regarding
inclusivity in the design phase are
hence meaningfully addressed.

* “Ensures that such processes are
"inclusive, efficient, and really
cater to the needs of those who
put so much work into it.those
who are vulnerable”




5. Recovery

Solutions like the aboveREACT are already doing a
good job in including all stakeholders in the Disaster
Management cycle. Furthermore, as explained in the
emerging technology review in the conceptual
framework, Volunteered geographic information
(VGI), combined with GIS, can positively affect
collaboration and coordination among volunteers,-first
responders and official disaster agencies. However,
conventional VGI focuses on gathering and including
data from volunteers, civil society or first responders
Little focus has been on participatory mapping for
humanitarian efforts in the Preparedness, Response and
Recovery stage. Vermiglio et al. (2022) explain that
humanitarian logistics, referring to mobilisation and
management of resources (human and nafewould

be central to increasing resilience in the last stages of
the DM cycle. Here Rodriguezspindola et al. (2020)
explain that "duplication of efforts for data input,
multiple formats, lack of control of budgets, absence of
accountability, lack of integrity in procurement

procedures, absence of a central database, and manual

reporting and tracking affect current DM systems" (as
cited in Vermiglio et al., 2022). Reviewed Scholars
Ragini et al. (2018) and Akter & Fosso Wamba (2019)
point to the poteral emerging technology like big data
has to overcome such challenges.

Therefore, a novel approach to humanitarian
coordination is needed. However, as mentioned, these
technological solutions are very scarce. Nevertheless,
the researchers of this repoaidthe honour of being the
successors of a research project that turned into a novel
technology in this field: Homa Rete The Human
Network. Homa Reto is a recently founded stgrthat
is developing one of the first tools to organise civil
society, fornow in the Benelux area. The researchers
had the unique opportunity to discuss the innovation
with the stardup founder Elaine Donderer. The
following review and evaluation of the technology are
based on this interview and the company's website.
While thecompany is still in the stage of developing the
technology, so technically not in the prototyping phase,
its novel approach to transforming a new industry of
inclusion and coordination of the most vulnerable
during disasters justifies it being selectedaabest
practice socidechnological solution. Given that the
company has not yet achieved the commercialization
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stage, the structural sections of the fpgactice review
will be slightly adapted.

Working of the technology and Human Impact

The company ans to develop a participatory mapping
software that should ultimately empower civil society.
While the focus of the interview was on flood disasters,
it needs to be notest that while the focus of this review
is flood disasters, it must be noted that tlehtelogy is
developed with multiple purposes in mind: It shall
"empower any kind of civil society that works towards
sustainability, Inclusivity, racial justice and climate
justice" (Elaine Dnderer, 2022) This inherently includes
making (marginal) groupdsible in a usually toglown
area of disaster management.

This goal will be achieved through the
development of an organisational tool which empowers
civil society members to coordinate needs and resources
among different groups. While social media hasady
paved the way to improved coordination among actors
in civil society during disasters, there are still many
flaws related to lowguality of data or lack of
accountability (Haworth, 2016; es (Hung et al., 2016;
Contreras et al., 2016; Schumann, 20A8ter and
Fosso Wamba, 2019; Sharma et al., 2020; PUB 2022).
Here, Homa Reto van not only increases accountability
and ensures a certain quality and transparency in data
gathering, analysis and visualisation, but it wants to
ensure that such processes"arelusive, efficient, and
really cater to the needs of those who put so much work
into it [...], those who are vulnerable". In that way,
Homa Reto's technology has the potential to transform
the way one engages with civil society during and after
disastes.

Output, Technological Development and Innovation
The concrete output is an app to be downloaded as well
as a freely accessible web page. The software behind
both the mobile application and the web page is being
developed in close collaboration wittetendusers. For

a novice in the field of VGI and GIS in flood
management, it seems natural that the inclusion of end
users of an application is included in the design process.
However, in practice, this is hardly the case. This is
confirmed by the previamicasestudy FREACT. While
their system design relies on VGI information, and
hence civil society downloading and actively using their
mobile application, they did not include civil society
members or NGOs working with civil society in the
design phase. #\ explained in the above casedy




review and evaluation, this was one of the barriers to
optimal implementation and scaling of the solution.

Hence, the bottormp approach already in the
development of the technology makes Homa Reto's
application highly innovative. Elaine Wondered,
founder and CEO of Homa Reto, confirms that
"throughout our design process, we're in close
collaboration with actors, really catering their needs"
(2022). She furthermore explains: "We started with two
years of research befoesen going into this [software
application]”. Not only that, but her whole team is
involved in civil society movements and has a solid
background in working with civil society actorswe
are no strangers to the community” (Elaine Donderer,
2022).

Once the mobile and web application is
developed, the company will employ a licence price
modelling with a social background. NGOs and
individual endusers can download the app at a
reasonable price that is not only competitive but can
also spark wider socidtadoption and hence scalability.
For businesses, a higher price is negotiated (Elaine
Donderer, 2022)

Challenges, Solutions and Scaling

While including enéusers, here civil society, in the
design phase, is essential for ldagting success and
sustaindility in increasing resilience among the most
vulnerable, it can at times be a t@dged sword that
needs to be catered to with transparent communication,
understanding and smart compromises. Founder of
Homa Retro explains that "there is a lot of diveraitd

a lot of different perspectives [...] it proves a difficult
undertaking to bring these actors together]. She
furthermore explains the importance of recognizing
these struggles in the development of the technology.
Another challenge she reckons isatet to the task of
having to choose civil society organisations to work
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with in the first place "Because we're also people in the
developer team, we're not just robots creating a
software, we're also having our own opinions,
experiences, networks. Anddan be easy to slip into
something that you've known, for example, or with
these organisations I've worked before" (2022). She,
however, lays great determination in reducing bias
where possible and "making sure that really, also actors
that are maybe uncweantional, find their way into this".

Challenges regarding inclusivity in the design
phase are hence meaningfully addressed. However, the
startup still faces institutional barriers to scaling. A
conclusion that is not unlike the ones of previous case
studies of Viridian Logic, Bufferblock andREACT is
that collaboration and or investment through the public
sector often proves more tiradficient and sometimes
less rewarding than directing the same effort to private
investors. However, the social stag does not lack
motivated team members or access to relevant research.
"We have never had trouble getting research,, we never
had trouble getting motivated students or universities on
board". As CEO and founder of the company, Mis
Donderer also plays greamphasis on a working
culture that is rewarding and balanced for her team
members. She explains that transparency in
communication from the beginning is key.

Homa Reto is now in the process of finding
investors to scale upéir solution. Their design process
is coming to an end this summer which is followed by a
community feedback round. During that time, they will
also be looking for fulstack app developers and build
a team in the software development sector. After this
process, a minimum viable product which will again be
evaluated should be transformed into a first pilot for
troubleshooting soon. What keeps the team going in
this cumbersome process is "a mission that makes sense
to people [...] that is overdue and rele¥/a(Elaine
Donderer, Founder and CEO of Homa Reto, 2022)



Entrepreneurship Best
practices Discussion

The following section will elucidate key themes thaarise that not only impede sales but limit the potential

reappeared during the metgnthesis of the case studies imesilience that could have been achieved if tHatiem

the Entrepreneurship sector. It will also give key insightsere tailored correctly to the needs of those who are most
into important discussions with Entrepreneurs that theinerable (PVT02, 2022). Secondly, the public and social
research conducted. Finallg,summary table explaining sectors have repeatedly acknowledged a gap in
in keywords which solutions have been found toommunication and called upon innovation to bridge it

challenges and which barriers to scaling still persist wlPUB0O1; PAPO01; PVTO0l; PUBO3; PWB; SOCO02).

be given. However, it is only possible to do so if all stakeholders are
consistently asked for feedback and insights. In this way,
Small startup, big impact the chances of all needs being addressed and

According to market analysis (Emergen, 2022) of thmisunderstandings being reduced are highest.

Incident and Emergency managetmmarket, none of the

best practices in this review can be considered lar§ecial mission at heart

enterprises or global players in the sector of the glob&hothertheme closely related to mictevel collaboration
incident and emergency markets. Several potential reas@nthe social mission that drives many of the selected start

find their way together to this conclusion: ups and interviewed Entrepreneurs. All companies with a
strong social mission were also most open to collaborating
Collaboration forstructural solutions with civil society and the wst vulnerable at the bottom of

Even without operating on a large scale, case studies ofthe disaster value chain. However, they are often the ones
selected staips showed how working at the micro, omost affected and not involved enough in developing new
meso level can still bring, in some cases, even mdexhnologies that can increase their resilience (PUBO1;
benefits for communities in rural as well as urban ared®AP01; PVT01; PVT02; SOCO02).
For exanple, while the stamtip Bufferblock does not yet A second benefit of havg a social mission at
work together with national governments, their inclusivleart is that it is incredibly motivating for teams, which is
way of working in meaningful collaboration with theirespecially important in the staup sector. Having a
client municipalities has already shown huge successesssion which people believe helps overcome adversity,
Viridian is a similarly successful cage which multiple problems of any sort and nature, including financial and
stakeholders can bring in their opinions and expectatiomsstitutional barriers (PVT01; PVT03).
and the inclusive modelling design finds the best However, there are limitations to the benefits of a
compromise. While for Bufferblock, this was arsocial mission: it often means having to compromise more
engineered solution where design and implementatipnofits with sustainable or social production. It can also
were considered together withe client, for Viridian, it mean not finding enough investment due to the rehoz
was the technological modelling system itself that wae compromise on the former. Nevertheless, most of the
inclusive. startups considered in the review achieved considerable
success without having to compromise their social and
human values (PVTO0L1; PVTO03).
Inclusion in design process
In the case of the above two examples, a botipm Private sector collaboration and investment
approach led to collaboration in implementing structur&ynthesizig the way in which stattps achieved the
solutions. Howevernithe case of nestructural solutions scaling of their solutions, with expectations, most of it was
focused on  coordination,  collaboration  andoncentrated in the private sector rather than prvate
communication among stakeholders during a disastpyblic collaboration. While the public sector was a client
endusers must be included in the design process in thiethe companies, investment was mpdgrived from the
development stage. There are two major arguments fivivate sector. Entrepreneurs indeed found private
this. First,the case study and interview WittREACT investment easier to obtain (PVTO01; PVT02).
admitted that without considering the emskr in the Furthermore, many  stamps  reviewed
development stage, problems during commercialisatieollaborated with other small and medium companies to
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achieve more impact and profitability togetheamy also an academic rather than a business background. This
work together with established large private cooperatiomaeans technological development is often impeded not by
However, due to a lack of interviews in this regard, it ia lack of knowledge or expertise but mostly by funding
unclear where the compromises lie when collaboratimind business knowledge. Many Entrepreneurs call for
with large cooperations. increased support in scaling regarding simple institutional
support like human resource management, tax burdens,

From research to practice and organizational tasks (PAPOl; PVTOPRUBO3;

A final crucial consideration in the realm of stags isthe PVT03; SOC02).
background of the Entrepreneurs. They often come from

Viridian Logic | Bufferblock i-REACT FloodMapp Homa Reto
Company | Smaltscale Smaltscale Medium and large | Medium and large| Development of
Maturity commercialization| commercialization| scale scale prototype
commercialization | commercialization
Successful | Viridian Logical is a Successful Funded by EC, Real life modelling Highly motivated
scaling in company developing collaboration with successful with myriad benefits| volunteers with a clear|
h t modelling systems| more established collaboration on for civil society and mission, rewarding
the pas that are new in theiil companies in the technical aspects, | governments alike work
approach to privatesector highly innovative Seed funding
prioritise NBs- product at the time | Collaboration with
They are hence other starups
pioneers in the
emerging market of
NB modelling
solutions.
Challenges Lack of visibility in New clients Lacking business ani New clients Network
to future the private sector Visibility market analysis Visibility New clients
. and lack of Credibility - difficult Lacking longterm Funding, Visibility
scaling recognition of NBs to explain since commercialisation Technology is Funding for R&D
in general makes it there are many strategy after EU capital intensive Partners
difficult to achieve similar solutions funding expired Credibility
new clients and Lack of funding for
credibility. updating and keepin|
Funding up with new
Network technological
New clients demands
Visibility
Partners
Credibility
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Canal and 1ank siove and divert excess stormwarer from exisiing
drainage tn Ovohard Rogd belr, Singapore

Cost-effectiveness Feasibility

$ 227 million - One time Centralised monitoring b

mvestment costs lower than Utilities Board ensured)

WWMMGDP proper implementation
: d-mmm

Rain Gardens

Strategically planted green spaces lo capture and store excess
stormwarer and encourage percolation in Shenzhen

Cost-effectiveness
25% - 69% - Reduction i run-off
from rain in Chinese urban areas | ¢sablishment, cle

Sistoin st _ ,

Napt Eimam (0 Cavernge b Sopet

Flash Flood SMS Warning ;" EF

pir /1 £ SR 5‘: g |5
Use of SMS services to warn and prepare rural populations of .‘:;2_ ) & |IE
J ; RS Sy I g X 1= =
ncoming flooding in Terai regions. Nepal = .2:::* E F\a R
Cost-effectiveness Feasibility Equity
USS 0.20 - Cost of sending 100 | Use of MoUs o rope in private 74% of Nepali population has

SMS (o mobile phone users m Mﬁmﬂﬂd.wm nc:m‘_sp:mblkp!‘:mnd

Unilising nmmanned survertlunce droney (o assesy flood damage
and tnform response in Fort bewnd, US4

Cost-effectiveness Feasibility

USS 1,000 - Cost of unmanned | Sufficient data can be captured in
acrial vehicle and associated Mwm&glnwfon

Bioswales

Uise of sloped, vegetated drainuge i social housing ro improve
dramage of excess rabmwater in London. UK.

Cost-effectiveness Feasibility
1:4.39 - Cost to besefits ratio of |  Possibility to retrofit nv-hr—‘

ém

Yy ".imm.'l K




Canal and tank store and divert excess stormwater from'
existing drainage in Orchard Raad bﬁl&,& 19ap

Best-practice description

* Diversion canal reduces pressure on existing
drainage infrastructure

* Detention tank arrests excessive stormwater and
slows down realease into drainage system

* Both systems work in tandem and save space as
they are completely underground

Cost-effectiveness Feasibility

* Construction under densely built

« § 227 million in investments an ; :
° estments. and arcas is costly and requires constant

around 4 years for monitoring of soil conditions to

completion/operation determine risks and stability before
during and after construction

» Total cost of investment is lower * PUB is a centralised agency which

manages all aspects of water so it has

than long-term aggregate of ‘ : :
the technical capacity to implement

insurance claims

complex engincered solutions

Challenges, Solutions & Scaling

* A single large detention tank will not be able to, in isolation, handle
excess stormwater and alleviate pressure on drainage systems

* A government has proactively introduced a policy mandating the
construction of small detention tanks to store stormwatér in all new
developments and redevelopments with an area larger than 0.2 hectares

(Gt o by
P sevention
& T LVDIL i_JJ

Equity

+ Beneficiaries of the Stamford
Diversion Canal and Detention Tank
were largely from the Bukit Timah
and Tanglin region and faced a high
level of flood risk

» Low-income workers were indireet
beneficiaries due to reduced job loss




Public - of

Practices

Report

1.Prevention

1.1 Innovative Engineering Solution

1.1.1. Background & Relevance

low verical and horizontal hydraulic conductivity.
Best y v

Hydraulic conductivity refers to the ability of water to be
able to move through a porous medium in either a vertical
or horizontal direction. Marine clay in Singapore has
relatively finer grains and is thus lgzsrous. The effect is
thus that it has a substantially lower degree of permeability
and drainage ability in comparison to other soil types
(Arulrajah & Bo, 2008).

Singapore is a loWying city-state in Southeast Asia -
characterised by a tropical rainforest climate with ve . Py
high precipitation year o u n d . Singapor
geography makes it prone to pluvial flash floods caused
intense rainfall events ia short time period (Kennedy,
2015). Singapore has developed and urbanised rapif
since its Independence in 1965. The gradual replacem
of relatively undeveloped villages known kampongs
with high rise public housing estates and industrial a
commer@l spaces increased the proportion of o
permeable surfaces such as that of tar roads and concigtgiure 2: Map of Singapore Flood Prone Areas (Public
The increased urbanisation is associated with increaggglities Board [PUB], n.d.)

generation of rwoff water from rainfall leading to

inundation as the nepermeable concrete amar do not Refgring to the above figure, the Orchard Road belt lies
let water drain naturally nor percolate into the groung@ a blue shaded region between the points labelled as

............

water table/aquifers (Feng et al., 2021).

[Figure 1: Geological

Industrial Research, 197])

The Orchard Road belt is one such developed region
ngapor e [
spaces. This region is part the Kallang Geological
formation which consists of predominantly clayey soils

i s one of Si

Si 'S8

al ong ngapore

2012). The type of clay mostly found in the Kallan

various

)

Bukit Timah and Jalan Besar. In comparison to Figure 1,
the Orchard Road belt clearly appears to coincide and lie
along the Kallang Formation. Gineghe poorer drainage

of marine clay, the Orchard Road belt was among the
regions in Singapore identified as flood prone areas in the

R NG A B | o ¥ | 1970s by the PUB (n.d.).
Wi % P Tns » To improve drainage in the region, the PUB
B 8 : N O 3 previously constructed an open diversion canal atbeg
- N "’.’-‘- o Bukit Timah region which was completed in 1991
:‘j o > ey (Kennedy, 2015). This engineered intervention has proved
R, U ';,..' - successful as similar interventions have been carried out

by the PUB across the main island. The areas affected by
floods in Singapore have theredodecreased from 3200
hectares in the 1970s to 30.5 hectares in 2016 in part due

_ , Map of Slngapor(—_:‘ [I_(gllang to the construction of diversion canals by the PUB (PUB,
Formation in Yellow] (Department of Scientific and

n.d.). Despite this success, Singapore is vulnerable to
climate change. Current trends in Singapore point towards
increased annual rainfall in Singapore and an increased

afpedquencty of heavy tropical storrps over thg next few rT}/ears
or t ant t |5) ar commer

ernnedy,r 0 ingapore
and Environment [MSE] has invested in expanding
existing diversion canaI? eﬁnd construgtinawgr diversion,
ganals to Improve dral &nd Rduc? th (Pl.al.l"(S
prove drainage and reduce the underlying ris
o pluvial flash floods caused by heavy rain (MSE, 2020).

Formation is marine clay. This type of clay has relatively
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stormwater (Tourment et al., 2016). The conveyance

capacity refers to the ability of a given river or canal to
1.1.2 Justification discharge water and has a significant influence on water

levels, especially during floods (Environment Agency,
The prevention stage involves planning and designi219)
cities to reduce the chance of a disaster witayin the The Samford diversion canal diverts water from
future. This means to directly reduce the chance of a flotite upstream Stamford Canal to the Singapore River
occurring even in a context where climate chandarther south in an effort to reduce the drainage strain on
increases risks and vulnerabilities (UCF, n.d.). The cadw existing canal (MSE, 2020). The canal is around 2km
could potentially be treated as two separate cases, oneldog and 4.5m in diameter. It connects to tarina
the detention @k and one for the diversion canalReservoir through the Singapore river to relieve the
However, these two technologies actually work in tandepmessure on the Stamford Canal. The canal is relatively
with each other to manage pluvial flash floods in thghallow and is as high as 4m below surface level and
Orchard Road Area (PUB [sgPUB], 2018). Thus, it woulshvolved careful tunnel boring in densely builp areas
be beneficial to analyse them as a single solutiorisdt asuch as Grange Road (PUB, 2p18
reflects that engineered solutions cannot be a-alifer The detention tank has a capacity of 38,000 m
flooding but can work with other structural and nonand covers 0.5 hectares of land. It stores excessive
structural measures to reduce flood risks (PAPOQL, 20213tormwater thereby regulating the flow of water into the

Detention tank technology is not a novetliversion canal. The tank can be emptied by pump in a

innovation of recent times. Detention tarik the form of period of 4 hours to drain stored wateoitihe diversion
artificial lakes and temple tanks have formed the core cdinal after a heavy spell of rain to prepare for the next
the water management systems in the Tamil Nadu statgossible flood. This further aids with reducing the pressure
Southern India. It is known as tle@ system (Perundevi, on existing drainage infrastructure in densely bujiiand
2019). Theeri system also makes use of diversion canatseas (PUB, 2018).
to drain anks before they exceed their capacity by
cascading and conveying excess water into a tank furt
downstream. This therefore reduces the chance of flood
overflowing either the canal or the tank as long as it
maintained. The system is able to sucfidlyscapture
stormwater thereby preventing pluvial flooding. Tére
system has been on the surface and thus takes up |
areas in the outskirts of cities in the region. This led to t
encroachment of water bodies during urban expansion
the city ofChennai and thus led to competition for diverg )
land use ranging from housing, institutional use - ’
industrial areas and commercial areas (Nithila Devietd %
2020) The innovative aspects of the Stamford Diversi¢ | - ‘
Canal and Detention Tank is that it is Ibugntirely | vg’?’ \ N
underground and does not conflict with densely built lar e - »
use in Singapore. It is potentially applicable in many oth| == Eie
coastal urban areas globally (MSE, 2020) i deibed

FLOOD PROTECTION MEASURES
FOR ORCHARD ROAD

R al
| of buildings, raising road

levels and installation of
| flood barriers.

1.1.3. Bespractice Description

Stamford Canal/

A diversion canal reduces the downstream waeell of
a river to compensate for the lack of conveyance capaditjgure 3: Animated Map of Stamford Diversion Canal
of a given river. The diversion of exceptional floodingnd Detention Tank (PUB, 2018)

events is not possible through a diversion canal unless it

connects directly to the ocean and has sufficient

conveyance capacity to we the large volume of
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capacity as well as to convert drains in the region to better
convey water away from the area. However, increased
precipitation has led to more flooding sin@910
(Tortajada et al., 2021).

Orchard Road is Singap:
street. Thus, it attracts a large number of overseas visitors
annually and is strategically important as a business and
retail hub employing a substantial proportion of local an
foreign workers who flock to Singapore. This therefore
generates important revenue for the government and an
[Figure 4: Stamford Diversion Canal Tunnel aftermportant source of income for many. Flooding in 2010
completion (MSE, 202p) led to S$ 23 million (US$ 16.4 million) in insurance
claims, with similar claims requestdte following year in
2011. In addition to damage to infrastructure, many local
businesses were forced to close, increasing the costs of
operation and expenses on welfare. Flood risks worsened
Singapore’s position i n a
envionmenas Asia’s economy boo
major flood event in 2015 saw a higher amount claimed
for flood insurance with an estimated total claim of S$
25.3 million (US$ 18.8 million). These costs which
appeared to be increasing with each flood event atid w
the increased risks of these events occurring, preventative
measures became essential. Thus, the largetirape
investment will pay off in the longun (Tortajada et al.,
[Figure 5: Stamford Detention Tank after completior?021; Chow etal., 2016). Given that the Orchard Road belt
(MSE, 2020) is no longer classifitas a flood prone zone by the PUB,
the project could be deemed as effective (PUB, n.d.).

1.2. Evaluation 1.2.2. Feasibility

The diversion canaind detention tank work in tandem tg=onstruction under densely built areas is relatively
prevent pluvial flooding in a highly commercial regionexpensive and requires constant monitoring. Given the
thereby significantly reducing annual economic losse20fter marine clay in the region, sodnditions had to be

The project is feasible but only cesffective for densely monitored constantly to determine risks and stability
built commercial belts as seen in Asian citsspite its before, during and after construction of the canal and tank

niche application, it is indeed a useful solution to considéshaskaran, 2019). The PUB is a public agency that is

for implementation. highly experienced with retrofitting grey infrastructure in
built areas and thus was able to provide the necessary
1.2.1. CosEffectiveness technical expertise for the construction of the canal and

tank (PUB, 2018).

The entire intervention cost the PUB around Singapore ~ Sudden flash flooding in Orchard Road has also
Dollars [S$] 227 million ( United States Dollars [US$FeNt shockwaves in the public, leading to the involvement
162.22 million) in finan@l investment from the of local politicians. Ths allowed the PUB to be able to
government and a time span of 4 years for compld?fHSh for an upgrade in drainage infrastructure around
construction and to begin operations in 2018 (MSE, 2028)rchard Road and was able to obtain the required
The Orchard Road Belt lies in a depression and is mdpyestments to reduce floatsks in the area. Preventative
prone to flooding due to its low elevation. This led tgheasures, especially structural measures are usually
historicaly preventative measures such as the widening Rfohibitvely expensive for a government agency to invest

the original Stamford canal to improve conveyandé‘- However, given .the mtervenﬂon was on a local scale,
it was naturally easier to implement as fewer stakeholders
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were involved. Additionally, given that the infrastructureommunity of hawkers who udlba sell food out of
was largely underground, itstrubed fewer residents and(licenced) pushcarts to foreign tourists (Zainal, 2012)
businesses, keeping the circle of affected stakeholders Orchard Road’s retail :
relatively smaller than most other projects (Tortajada employs a large number of service workers. These include
al., 2021; PAPO1; PUB, n.d.). individuals who work in cleaning, sales workers, service
Finally, the PUB i s Sagenisamclerkdhese jabeanetralatively corsntbn, bua t
agency. This means that it is tlagency that has the do not pay much in comparison to more technical jobs for
mandat e over al l a s p e c offcers. ©hé medan mogtlaypneame forsservice wdrkers
management, ranging from drainage, sewage treatmeanges from S$ 1,638 (US$ 1,170.54) to S$ 2,598 (US$
flood-management, water recycling and water storage856.56) depending on their job and place of
This gives the agency substantial power to invest in greynployment. This is well below the national median
infrastructure which caserve multiple purposes beyondmonthly income of S$ 4,680 (US$ 3,344.39). A
flood-management. For example, the water captured wdisproportionately large share of these lower income
drain into the Singapore river which is ultimately caughworkers are foreigners who face lower wages, higher costs
by the Marina reservoir oélwingandonast sugpdrtdamidies overseas @lanpavarp ¢
drinking water resources, reducing its dependence Besearch & Statistics Department, 2022). Therefore,
imported water from neighbouring Malaysia (Tortajada ethile direct beneficiaries are from more resilient sections

al., PUB, 2018). of society, more vulnerable members indirectly benefit,
particularly in economic terms due to the reduced loss in
1.2.3. Equity employment days and thus inoes.

As this grey infrastructure targeted a particular part 4f3. Barriers, Expectations and Solutions
Singapore, most direct beneficiaries of the canal and tank
were residents in the Bukit Timah and Tanglin areas, wN@hile the structural measures taken by the PUB appear to
had previously faced higher levels of flood risk irbe successful, some key challenges remain. Firstly, in the
comparison to residents of ethhousing estates across théong-run a single large detention tank will not be able to
island (PUB, n.d.). handle excess stormwater. In ttantext of an increasing

I't could be argued t hask ofSpluvig aflpodimge dus tomupwaed tverds lin o
upperclass were the only beneficiaries of the reducemtecipitation, existing drainage systems will face
flood risk as Bukit Timah and Tanglin have markedlyncreased pressure. To alleviate the future pressure on such
lower incidences of poverty than the median housirgiructural systems will require a lotgrm nonstructural
estate in Singapore (PUB, n.d.). Households Heave and struairal plan (Bhaskaran, 2019; Kennedy, 2015).
very high median incomes compared to most estates antha PUB has already proactively introduced a policy to
very large proportion of the local population lives irmandate the construction of smaller detention tanks in all
private housing, which is hot common across most otheew developments or redevelopments with an area larger
estates in Singapore. Higher income Singaporeans arban 0. 2 hect ar es .ascAlinu&gto n g
more likely to be able to affd more comprehensivee x pand, these detention t al
insurance or pay for damages to personal property dueatnlity to capture stormwater and release it in a more
floods. Thus it may initially appear that a relatively moreegulated and manageable way. The inclusion of

resilient section of S| megexgloprments isstrategic @sumairy thewalevelopmeemnts in

benefitted from the structural measure (Lee et al., 2021¥ingapore occur in alrdg densely built areas which are
Howewe r , many mor e of Sdemajshqu eamderebsilt due to dandc dorestrainty (PUB,

vulnerable members indirectly and directly benefite®018).

Firstly, Orchard Road’ s ret8&i hgapotees ianyesicme rhte a

traffic. Thus, many of I&gmry peic/r ®° mandate ccontinded \sieuctutala k

advantage of this foot traffic to earn a living. Rass are interventions through the creation of an extensive network
common with around 14 designated busking spoté small detention tanks could have a potentially
licenced by the government along Orchard Road. Thusitigating effect on flooerisk. While the diversion canal
they are directly dependent on the district remaining opand detention tank work in tandem to prevent inundation
to make their daily living. This also further includes théy improving drainage, as floetkks rise due to climate

change, the additional detention tanksll viiave the
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capacity to further reduce drainage pressure by storing
more stormwater and thus minimising any damages to the
existing infrastructure. This becomes a unique feedback
loop where a structural measure that aims to prevent floods
also has the patdial to mitigate flood damage in the long
run.
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Strategically engineered green space to

P / capture and percolate stormwater

Prevention

Best-practice description

* Pilot is Guangming District of Shenzhen city in
Southern China

» Plants used to mimic flood-management and
water purification services of wetlands

» Implemented in multiple built-up areas to

improve drainage in densely populated areas

Cost-effectiveness Feasibility

* Up to 71% decrease in peak
overflow from heavy rainfall and
69% reduction in run-off generation
* RMB 1.5 billion funding from
public-private partnership with
municipality

* Over 200 flood points in Shenzhen
city were eliminated

* Relatively lower costs of
construction and maintenance
compared to grey structural
measures such as canals

* Unified water authority allows
for streamlined implementation
in Chinese cities

Challenges, Solutions & Scaling

« Land acquisition is usually the biggest expense

*» Over-dependence on public sector intervention and funding heightens
opportunity costs

» Feedback loops leads to parallel effects improvemelil\s in mitigation-
and recovery

Impact

« Can be implemented in both
medium to high density areas across
multi-income neighbourhoods

* Positive effects on health among
vulnerable elderly and poorer
populations

* Possibility of income generation
from tourist activities and cultural
attractions

2
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2. Mitigation

2.1 Naturetechnological solution

2.1.1. Background & Relevance

The Peopl e’ s Republic o]
repeated flooding throughout its long history. This has ¢
the national government to invest in low impac
development in its cities as part of the Sponge Ci e e B Eloesn B i

Scheme. Of the 654 cities in the country, @4d flooded [Figure 6: Shenzhen Temporal Landuse Map (Lancia et

on a frequent basis making this scheme of nationgl, 2020}

i mportance (Song, 2022). China’s rapid economic gro

especially along its coastal cities in the East has worsened Shenzhen is a city in coastal Southern China with

flooding in its urban ar egep17 milldh&esidentd N lhas Hstoscally hebndoRe op O
as a proportiorof the total increased substantially fomc hi na' s fastest growing urt

49.68% in 2010 to 63.89% in 2020. The total urbaBhenzhen i s often seen as s

population expanded to 901,991,662 people which is growth as the fishing village mushroomed into a megacity
increase of 236,415,856 individuals over a decaggd economic hub, swallowing ridields and wetlands.
(National Bureau of Statistics, 2021). The massMer om t he above figure, t he
population growth in its cities led to the expansion of built2017 (in dark grey) is much larger than the urban area for
up land. Between 1990 and 2010 China lost 2883dfm 1970 (in light grey), a spatial visualisation of the rapidity
wetlands due to urban expansion. Much of this loss (2384 urbanisation. Shenzhen’
km?) occurred in the Eastem half of China (Mao et alyears has decreased the cover of marshes and wetlands

2018). Increased builip area in ties leads to increased|eading to over 446 points recognised as prone to flooding
urban ruroff which can cause or contribute to floods ag, 2016.

they have lower capacity to hold onto stormwater or
percolate it into the groundwater table (Chan et al., 2013 TS EEES
Song, 2022). :
China has had a history of using preventati
engheered measures to manage floods including buildi
over 97,000 dams since 1950 for irrigation and floo®¥
management. However, these solutions only pertain
fluvial (riverine) flooding and do not holistically manag

will face more extreme weather patterns over the next fé " dal P

Chinese Sea
Raintall rate [mm/2da]

decades. By 2050, the number of heavy precipitation de ssse 22™29" 2018

* Rocwrent wateriogging

will increase by 14 to 20 days and mONSO0ONS MAY St s s ssonge oty o —_—
earlier than usual increasing the risk of floods. Shenzhgpigure 7: Map of Flooding Points and Sponge City

30 km

oneofhi na’s most i mport an fnterPedtibris in Sherzher®(Sancia &t al., 2p2@)r t i ¢ u |
faces a higher risk of typhoons (storms) (Dai et al., 2022;
Qi et al., 2020) Based on Sponge City Programmfiargets, Shenzhen

needs to ensure 312.17kof land that can absorb water
(United Nations Economic and Social Commission for
Asia and the Pacific [ UNE
drainage infrastructure is not well coordinated compared
to other cities such aSingapore and remains relatively
underdeveloped. This leads to more water contamination
and the creation of new flooding points, increasing the
number of people at risk of flooding (Wang et al., 2022).
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As seen in the above figure, the city receives radftiv preventing the occurrence of a flood altogether (Chan et
higher volumes of rainfall due to its coastal, tropical., 2018; Sog, 2022). This becomes a particularly
location. This naturally increases its risk of flooding giveimportant consideration when flood risks are increasing at
the high proportion of builtip land. Comparing figures 6 a rapid pace relative to the ability to come up with
and 7, it is noticeable that points of recurrent waterloggimgeventative structural measures forcing the public sector
tended to coioide with the most heavily developed urbamnd the population to adapt to remain resilterthis new
land. Thus, the Sponge City interventions also reflect tmermal caused by climate change (UCF, n.d.). Shenzhen

pattern to some extent (Lancia et al., 2020). is largely covered by clayey soils which are less
per meabl e. This is largely
2.1.2 Justification along the coast close to the Pearl River Delta. This makes

permeable pavements a p@otution as the clay must be
The Sponge City Programme aims to improve the spatrtly replaced with more permeable soils (Jenkins, 2020).
planning in Chinese cit i Oblseningtheaabavefiguret ibis oBdervabla that a largec
risk of pluvial flooding caused by climate change. As paproportion of urban land has good potential for drainage
of this national policy, a variety of solutions have beeand percolation of water underground, reducing iteaf
implemented and are slatém completion to improve the waterlogging. Many Sponge City pilot sites also coincide
drainage of cities. Natwieased solutions feature oftenirwi t h t hese regions indicat|
city plans. One such commonly used flood mitigatioto make best use of land use planning to achieve a larger
solution is the rain garden (Song, 2022). The aim of tlieainage effect.
rain gardens are not to prevent flooding altogether but
rather minimise its impacts by detaining exces
stormwater and improving groundwater recharge in-buil

up areas. Hence, it aims to reduce the impacts of a plu\ ‘ ,
flood when it occurs and is thus mitigative in nature (UCI ¢ . [ S, @
n.d.; Song, 2022, Dai et al., 2022 o ST
bt
), H S ,"' m:";.
1 o .
Gy
A A
=]

[Figure 9: Location and Land Use Patterns of
Guangmingdistrict, Shenzhen (Wu et al., 20]L8)

Guangming district is one of the divisions of Shenzhen and

T e T . ) e e e i was chosen as one of the key sites for the Sponge City
[Figure 8: Map of Land Use Potential and Sponge City Programme in Shenzhen. It is located inland toward the
Sites in Shenzhen (Lancia et al., 2020) northwestern part of the city in an area of higher elevation

than along the coast. Thdistrict is 37.68 square

Shenzhen and ot her Chi ne Kipmetresand§98% ofjis agep if coyered by impepvigus ¢

often face excessive pressure due to large volumesSHffaces such as roads and concrete. Most of the developed

generated ruoff. Rain gardens and otheaturebased lands are of low to medium density while a substantial
solutions help curb runff generation through water proportion have a high population and building density. It

retention and direct groundwater recharge thereBPW S€rvesasan example that can be emulated across the

reducing pressure on manade drainage systems in citiesCOUNtTY by other cities (Wu et al., 2018).
The Sponge City Programme aims to increase absorbent _ o

land area in cities by 20% dris hence a retrofitted 2:1-3 Best Practice Description
solution. It also aims to capture 70% of all storm-adin

This further aims to reduce floatbk by aiming to

minimise damages caused by flooding rather than
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Rain gardens and other natdr@sed solutions
—— _—— have the potential for multiple value creation within and
System System beyond water management. In addition to mitigating
flood-risk, rain gardens can purify water and improve
ground water tables which can increase the availability of
clean water in periods of drougl@iven that many
Chinese cities face increased water stress, this additional
benefit would be particularly important to ensure
sufficient access to water. It can also act as a site for
touristic and leisure purposes thus forming a communal
space (Chan et.ak018; Song, 2022). Plants used in rain
gardens are typically resistant to water logging as well as
periods of droughts. They can also resist substantial
levels of water flows. Usually native plants matching

- -gsten these criteria are typically used althoughasgonally

[Figure 10: lllustration of Rain Garden mechanicsin  gjien/foreign plants may be introduced to enhance the
Guangming District, Shenzhen (UNESCAP, 2D21)  function of the rain garden (Zhou et al., 2020).

Rain gardens arerategically constructed green spaces
which have the capability of collecting excess
stormwater, percolating it to the ground and patrtially
purifying or treating it to improve water quality. It
mimics the ecosystem services typically provided by
wetlands incoastal regions by doubling as a form of
flood mitigation by capturing water as well as improving
water quality in the surrounding areas. Firstly, the area
that is to be converted into the garden is slightly
excavated to create a sloping design and giate
depressions to aid the conveyance and collection of
water. The collected water is then connected to the water
table naturally or through the aid of percolation wells.
Given that bare soil is relatively unstable and can wors
pollution by releasing pécles into the collected water,
native plants which are resilient to both drought and
inundated conditions are planted such as those of the
Typhagenus. The plants typically help hold the soil

[Figure 11: lllustration of Rain Garden Plan (Song,

2.2. General Evaluation

e rain gardens in Guanming district have substantially
improved the retention of stormwater to mitigate the
damages of pluvial flooding in an increasingly wetter
climate. However, it competes with other forms of land
\ use. Nevertheless, it is a muitinctional solution that can
together to prevent erosion and slow down the flow of _ .. . . .

mitigate pluvial flooding and improve wateranagement

water toensure it is more likely to be stored and : . . .
in coastal, densely populated cities and is replicable
percolated. They are also able to remove traces of heav obally

metals from the water which is a major issue in Chines
urban areas due to the extensive manufacturing sector
and the associated pollution (Song, 2022).

The Sponge City programme aims to reduce Ioe%ain gardens are a relatively versatile solution because of

water discharge, reduce excess stormwater through . L .
their employment of bimimicry to provide ecosystem

.ur:grad;ng |rlfras|truc(;uret.;.o .|n|1|zzove redsmence and t and flood mitigation services similar to that of a wetland.
integrate hatural and artificial blue and green spaces 0Given that there are different wetlands in different

adapt to floods using nature (Chan et al,, 2018) Rai climatic regions, rain gardens can be adapted to these

gardens were the most commonly cited na d _conditions by using native vegetation which are best

solution associated within the Spong City Programme Ir‘evolvecl for the local climate. In addition to climate, rain

the Chinese National Knowledge Infrastructure Database . : o
. . . gardens can also be designed for local soil conditions
in part due to their versatility (Song, 2022).
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based on their ability to drain water, whether they are Finally, rain gardens, especially in builp urban areas
more acidic or alkaline and their general moisture contemave the potential to become tourist attractions and thus
(Song, 2022) . Ilayeywsa profis,haghn allow the manicipality to directly generate revenues.
gardens are likely to have deeper sections replaced witBverall, rain gardens are able to reduce general

more permeable soils to better encourage percolation astmwater ruroff by between 25% to 69%. In addition,
drainage (Song, 2022; Jenkins, 2020). One key limitatigmeak ruroff can be reduced by between 12% and 71%
however is that they cannot be used in areas with a higkSong, 2022). As observed in figure 11, the aesthetic
water table or where the aquifers are close to the surfacappeal of rain gardens are clearly visible. Especially

as percolation will not occur as there would be those strategically placed among other green
insufficient depth. They also may not be the most infrastructure near residential areas can greatly uplift the
effective to handle areas with scanty rainfall or surroundings while also remaining functional

particularly prolonged drougfiike solutions (Song (UNESCAP, 2021).

2022). Overall, Shenzhen municipality has invested a

Economically speaking, rain gardens are highly total of between Renminbi [RMB] 5 billion (US$ 746.8
beneficial. Firstly, in comparison to most structural greymillion) to RMB 7 billion (US$ 105 billion) to acquire
infrastructural solutions, they have much lower land for all the implemented Sponge City Programme
maintenance and construction costs. This is because rdmitiatives. This is around threeld higher than the
gardens do not require too many eréls to construct budget the municipality received from the Chinese
and mostly make use of local soils and on occasion a Central Government of RMB 1.8 billion (US$ 268.8
geotechnical reinforcement such as stones and fibres. million). This was predomingly because of the high
Additionally, the costs of plants are not too high such thpbpulation in Shenzhen which had driven up the land
a local municipal level authority would not be able to  prices in the region compared to other cities in China
invest in arain garden (Chan et al., 2014). Combined (Jenkins, 2020). The municipality however was able to
with relatively lower construction and maintenance costspstain the effort by involving other stakeholders in the
there is the chance for multiple value creation. Firstly, funding pro@ss to reduce the financial burden on the
rain gardens can absorb the impact of pluvial floods angbublic system. A publigrivate partnership mechanism
accumulate the water before it can damagjédings or was used to raise around RMB 1.5 billion (US$ 239
other infrastructure, thereby reducing repair/recovery million) in funds for the Sponge City Initiatives for the
costs. Additionally, they are able to partially filter or treaGuangming district including the rain gardens (Wahg
water which reduces the costs of setting up water filterirad., 2022). This allowed the Guangming district to invest
or processing centres by the public sector or private  in green infrastructure. While the upfront costs seem
entities.The encouragement of percolation of water to high, much of these costs were incurred due to land
the ground water table ensures aquifers are replenishe@cquisition as the rain gardens were retrofitted. These
and clean water is available especially in times of would be much lower if they werdready integrated
drought when surface water may be unavailable. ahead of development in land use planning. While the
rain gardens function well, they are currently not fully
connected to drainage from the buifi areas of
Guangming district. This means that some stormwater
run-off fails to reach theain gardens entirely due to the
existing drainage system. In general as more land is
dedicated to rain gardens, the lesseratins generated
as there are more permeable surfaces. However, this
marginal decrease in rwoff generation peaks and
decrease and thus the area dedicated to rain gardens
need to be modelled and checked prior to implementation
to ensure optimal solution delivery (Wu et al., 2018).

District, Shenzhen (UNESCAP, 20P1)
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The rain garden can also be integrated with the
rest of the drainage infraattural network to serve a
larger area. This has already been implemented in cities
such as Singapore (Song, 2022)

[Figure 14: Rain gardens integrated in new construction
plan for Arts Centre in Shenzhen (UNESCAP, 2D21)

100 %PP4100 NOR

Shenzhen, like Singapore, has a single water authority

Inundation depth {m) which coordinates all levels of water management. These

B 001-01 [T10s-02 [EN02-04 WEE>04 : include stormwater capture , drainage, wastewater
— — K .
o 1500 30 200 treatment and reuse as well as flood management. This
[Figure 13: Simulation maps for Inundation with allows the public sector to develop sabuais that can

different Green infrastructure and sponge citgrgarios  retrofit existing structural and nonstructural measures

for Guangming district, Shenzhen (Wu et al., 2D18)  that work in tandem with existing infrastructure rather
than in a siloed and isolationist manner. Thus, rain

2.2.2. Feasibility gardens can be more seamle:
future land use plarend be tuned to suit local needs

Rain gardens are often implemented using pyfriate  (Shenzhen Municipality, n.d.).

partnerships which can spread the costs across

stakeholders. This reduces the budgetary pressure and2.2.3. Equity

fiscal push requed from the public sector given that any

public sector expenditure involves higher opportunity  One effect of the multipkgalue creation is the improved

costs due to many alternative allocative possibilities  water quality in water bodies across Shenzhen. Many

(Song, 2022). rivers have become habitable for fish again as observed
Rain gardens are relatively easy to maintain aftefcross danstream areas in Shenzhen after the

their establishment. Usually, the drage within the implementation of rain gardens (UNESCAP, 2021). The

garden needs to be cleared of plant debrisor soil/sit r ai n gardens’ ability to pi

deposits on a regular (monthly) basis. Additionally, the 54% of suspended solids in water. Certain plants such as
vegetation may require an occasional trimming to ensutgetyphagenus can extract heavy metals from water
the maintenance of drainage capabilities as well as to  (Zhou et al., 2020). This could substantially improve
preservethegaedn * s aest heti cs. Tabcesstb @ddarowaterindSRetizhen as well as the wider
technology involved are relatively inexpensive and the Pearl River delta. This means that large sections of the
costs can be distributed across local beneficiaries of thgyopulation which were previously vulnerable to water
rain garden (Chan et al., 2014). scarcity may now be able to better @ss water due to
increased availability of clean water.
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Low-risk and mediunrisk inundation can be piloted the Sponge City Programme in a variety of
reduced through rain gardens and other similar LID  different environments. This would allow other
infrastructure. However, at a higlsk it is not too municipalities to invest in similar infrastructure.
effective (Wu et al., 2018). In this regard, Shenzhas The multistakeholder investment mechanism
been able to eliminate flooding in 220 points across theused in Shenzhen is more replicable elsewhere. (Chan et
city. The lower the level of pluvial flooding the easier it al., 2018; UNESCAP, 2021). The initiatives taken by
is for the general public to continue economic activities Shenhen are replicable in other densely populated
without interruption and the less likely that a flood wouldoastal cities globally, but particularly in Southern China
cause major gruptions which would disproportionately given climate and vegetation (Lancia et al., 2020). The
affect lower income persons (Wang et al., 2022). Pearl Delta is a much larger urban space with multiple

The Shenzhen municipality has worked with thecoastal cities such as Dongguan and ¢iong who can
private sector to fund and implement sponge city projecitee immediate beneficiaries of rain gardens used in
all over the city ranging from new infrastructure in less Shenzhen due to identical climate and geographic
devdoped regions or retrofitted infrastructure in denselyconditions.
built business districts (The Nature Conservancy, n.d.). Despite privatgublic partnerships existing to
The Shenzhen municipality is also making use of fund rain gardens, muistakeholder engagement could
collaboration with the private sector and civil society  be strengthened. There itaak of public participation in
organisations to better include the guday citizen in the decision making, meaning this is a relatively-tigwn
process of implementing the Sponge City initiative. Thesolution. However, there is space for bottam
public sector has also allowed The Nature Conservancycollaboration which requires policy support to nudge the
to conduct a policy evaluation independent of the publiomunicipality in that direction (Wang et al., 2022)
sector to more transparently measure the impacts of An estimatedJS$ 302 billion will be required to
Sponge City initatives. In the long run, greater civil transform cities across China, so a predominantly public
society involvement could also improve the maintenancgector push would be insufficient. Nearly US$ 1 trillion
of rain gardens and public awareness of the function ofis required by 2030. There is a need for greater
green infrastructure (The Nature Conservancy, 2017). participation of civil society organisations to suppletme

Increased green spaces such as rain gardens h#éwe public sector investments to increase the pace of
substantial positive effects on public health, especially implementation as well as reduce the costs of
for eldelry populations. Previous studies have shown thataintenance and construction (Luo, 2018).
lower income populations at a higher risk of poor health There is a need for increased domestic research
have lower access to green spaBesn gardens could  to design better raigardens to maximise the
improve access to green spaces while also reducing theffectiveness ofand-use through spatial planning.
damage caused by pluvial floods in low income areas. Chinese R&D in rain gardens is relatively recent and
Given China’s rapidly ag eublicgionp argincreasingiamnnallyzesnpanre la Variety s
levels of inequality, these additional nfiaod related of possible solutions and innovations (Cilliers et al.,
benefits may miee vulnerable sections more resilient in 2021). There has been a previous use of outdated
the event of a flood as better health would entail faster simulaion methods to plan and design Sponge City
physical recuperation after a flood event (Cilliers et al., interventions. Systems need to update and partnership

2021). with private sector technical expertise is required. Better
methods have shown that abey®und water storage is
2.3. Barriers, Expectations and Solutions crucial to ensure the success of rgarders in flood

plains and reclaimed land (Lancia et al., 2020; Cilliers et
Transferability of rain gardens across mupétities isa  al., 2021)
major challenge in the widespread implementation of rain In general, Spong City programmes were more
gardens. Shezhen is a relatively wefll municipality likely to be supported by better educated and more
within China and has a wetter climate than inland regioregfluent individuals. Hence a whole of society integration
making rain gardens more suitable for Shenzhen. This is needed for bettémplementation. This could be
means that rain gden strategies in Shenzhen may not bachieved through the use of pilot sites to demonstrate the
easily applied to areas further inland which have a driedralue of rain gardens to the public, especially the more
climate and lower risks for pluvial flooding compared tovulnerable eldelry and poorer populations as well as

fluvial flooding. However, the government has already
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better advertisement and education about the Sponge @itgcess (Luo, 2018; UCF, n.d.). However, these
Programme (Cilliers et al., 2021). infrastructure have a common role in reduding

Overall, a key feature of rain gardens and the damages caused by flooding by slowing and controlling
associated green and grey infrastructure proposed as péme flow of water while also capturing it and percolating
of the Sponge City Programme is its potential to aid in it. Thus, they mitigate flood damage. In doing so, the
the recovery process. Given that the policy originated reduced level of damage and milder impacts ensures it is
from a paradigm of making Chinese cities more resilieneasier for the urban arearecover and build back better
to pluvial flooding after a series of devastating floods, more quickly. This feedback loop dynamic will be
especially in Beijing, it could be seen as a recovery discussed later in the conclusions section.
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Low cost accessible flash flood warning system : - /
R e

Best-practice description

+ Pilot in 2016 after MoU signed with Nepali

telecom firms

» National Flood Forecast Centre monitors rivers
and warns locals through SMS if flood level

thresholds are crossed

* Free provision of SMS helps the spread of the
message and evacuation coordination

Cost-effectiveness

« Cost of sending 100 bulk SMSs is
USS 0.21

« Use MoUs with private and social
sector allowed for spread of
responsibility and financial burdens
* Telemetry automation of flood
gauges to improve flood warnings
and forecast assurance

~
——

Nepal Telecom: GSM Coverage in Nepal

Feasibility

* Much lower cost of
implementation given budgetary
constraints

« Integration of hydrological and
meteorological functions under
same agency makes for efficient
warning generation

Challenges, Solutions & Scaling

« National system 1s unable to adapt to local needs, need for

contextualisation of warnings

* Public is often unaware in certain areas about how.to react to warning,

education initiatives are required

e

-

« High levels of gender and regional inequalities in terms of information

access

Equity

* Mobile services and SMS are
financially and physically accessible
for rural Nepal

* Free SMS allows evacuations to be
conducted by social sectors and local
youth

* At least | member/household had a
mobile phone compared to only 13%
having Internet aceess



region were displaced and the disruption to local economic
3 ' Prepared NESS activities, impaired infrastructure armsk of lives led to a

3% loss in GDP (DHM, 2018). Climate change has had

3.1 Societechnological solution severe impacts on the intensity and erraticity of monsoons
across the Indian subcontinent. The monsoons have
3.1.1. Background and Relevance become more intense exacerbating the risks of stormwater

run-off, flash flooding and landslides. Furthermore, they

Nepal is a landocked country located between India andave also become increasingly erratic, meaning that their
China on the Himalayan mountain range. Much of ifdredictability has declined. This further puts the Terai at
territory is mountainous and lies along a fault line and h risk of sudden, unprecedented flash floods even among
sone of the highest peaks and largest glaciers worldwidgnall rivulets which are less proneftooding. This has
This makes Nepal one of the most disaster prone countfie§ d t o a det er i or-gsk ilesels o
in the AsiaPacific region. Nepal receives much of its rain€3handari et al., 2018).

through the monsoon like most of the Indian subcontinent.

The annual Southwest mewon begins in June and peaks:1.2 Justification

in July and August bringing with it heavy spells of rain.

The heavy rains | ead to MNepadsid nag| emegingo gCPNRPY Hpto FHaNy e
valleys and lowlying Terai region. Mountain soils have gpredominantly rural and highly dependent on remittances
low capacity to retain water in their intergranulapga from the Nepali diaspora in India. THeaves the Nepali
This means that during the monsoon season, they quiclvernment minimal financial and physical resources to
reach their maximum holding capacity and thus excessiaPlement a highly sophisticated and advanced flood or
rainfall causes the formation of runoff. This roff Multi-hazard early warning systems as observed in Japan
quickly travels downslope and accumulates in smdlf Europe. Given the budget constraints faced by the
rivulets and streams. The high vola of water and the government as wellas having to confront multiple
narrow passage of water leads to a rapid overflow and opgssibilities of allocating funds, the DHM does not have a
short periods of time a sharp rise in water levels a|0,§g|bstantially large budget. Within this meagre budget, the
rivers and streams which are relatively densely settlddtiM has made use of simple technological interventions
This leads to flash floods which have relatively short leadhen private sector specialist software and annual
times with which preparedness and response measures t&gnsing costs for high resolution information remains out
be coordinated. The f I as [freaghsD5iy.L2018)sThesefore, the ylfisatign ofIMS o
mountain soils and weakens soil structures due to erosffifl coordination with civil society stakeholders to
which also leads to fatal landslides. Overall, it is estimat&nPower afisk rural populations and prepare them to
that floods and the latslides associated with floods aréémerge resilient from rising floedsk is essential.

the root cause for around 75% of all disaster related

casualties in Nepal (Department of Hydrology [DHM]3:1.3. Besbractice Description

2018)

In 2017, Nepal faced an unusually heavy monsodite¢ DHM has multiple such gauges throughout Nepal.
which led to widespread flooding, especially in the Teraiome are directly maintained by the DHM and data
region. The Babai river basin located in Western Nep@fnerated by the gauge is automatically fed into the
flooded severely and caused widespread damage Ngtional Flood Forecasting Centre through telemetry
housing and common infrastructure which heavifffansmission technology. These gauges are estedilish
disrupted the livelihoods of the riverine communitiedlong with technical support from Ncell and Nepal
settled in the valleys (Karki, 2017). Most of Népa 6  Tglecgm to form a nationwide network that can measure
rivers, like the Babai river, flow southwards towards th&/ater levels and basic meteorological information. They
Terai region and onwards to the flatter plains in Indi@re further supported by the NGO Practical Action in
Nepal's mountainous | an dYeHoyS RUasRSG, assis with instagng and fogal, ¢
Nepal flow with a much higher velocity and this couldnformation dissemination to residents ofriak villages.
have more severe impadue to the ferocity of currents inHowever, not all gauges are monitored telemetrically,
a flash flood (Meechaiya et al., 2019). It was estimated tr#&me continue to be manually monitored. In that case, a

in 2017 alone, 1.7 million people, mostly from the Terdl@mber of the local community is given an official title
by the DHM andhas the responsibility to monitor the
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manual gauges and report back to the DHM. Updates arer time (International Centre for Integrated Mountain
given to the National Flood Forecast Centre [NFF@evelopment [ICIMOD], 2019).
associated with the DHM (DHM, 2018). The gauges
which are automatically or manually measured have a k2. General Eauation
flood threshold level. When this is crossed, a warning is
automatically sent to the NFFC or the local communit e p a | s SMS system all owed
water gauge reader will immediately report to the NFFGf its early warning saving many -ask people from
(Karki, 2017). Typically, the threshold is measured ifatalities from increasingly severe flash flood events. It is
terms of precipitation over a 3 hour peridhe NFFC then also an affordable solution that is easy to implement for a
integrates these streams of data and validates thengéwernment withminimal financial resources. However,
create a model that predicts the potential course of tbeverage is still expanding and additional +sbructural
fluvial flash flood, triggering SMS warning messages tmeasures will be required to further the effectiveness of
be sent out to multiple key stakeholders in the relevaihe system.
basin (DHM, 28; Karki, 2017).
The SMS has expanded since 2015 to inclu@2.1. Coskffectiveness
more stakeholders as previously it was limited only to
technical persons (DHM, 2018). Grouleyel demand by The provision of free SMS services allowed efficient
atrisk villages, particularly in the Terai region led to @&vacuatia and response in local floadfected
more publicly accessibleMsSS system being developedcommunities. In 2017, around 10 million (1 crore) SMS
from the previous exclusive system (Practical Actioomessages were sent over a span of 3 days in Nepal
2017). The DHM also followed up with a set of SOP§ el ecom’ s net wor k. In addi
designed around the SMS notification system to bettdepal Telecom also sent 486,000 (4 lakhs 86 thousand)
improve preparedness and evacuation (DHM, 2018aly warning flood alerts to affected areas in the Terai
DHM, 2015). region under the direction of the DHM (Nepal Telecom,
To ensureaccessibility to SMS by the generalk017). Reports from the ground demonstrated that this
population, the Government of Nepal under the advice kduced fatalities as many youth actors were able to relay
the DHM and Practical Action signed a Memorandum ofiessages within their communitie® catalyse the
Understanding [ Mo U] w ievatuation (Necgssa It dlse ensurédano agldstionial financial
telecommunications services providers Ncell and Nepalirdens were placed on the vulnerable populace for
Telecom (Practial Action, 2017). The telecom firmscoordinating their own preparedness and response
provided free SMS early warning messages relayed frarmeasures (Practical Action, 2017). The use of an MOU by
the NFFC and DHM as well general free SMS services he DHM was strategioiensuring the mass availability of
flood affected regions to ensure ease of coordination @i accessible coordination technology to the residents of
preparedness and relief efforts. This system was fithie Terai region while also not having to provide an
piloted in 2016. The water gauge -sgt at the Chepand additional fiscal push in that regard. However, even if the
village was used to measure water levels in the Babai rivBiHM or NFFC had to pay for the text servicess ihighly
Immediately threshold levels were crossed after heasjfordable for the government departments. The cost of
precipitation and thus the government of Nepal sent aggnding an SMS is NPR 1.00 (US$ 0.008) for the Nepal
mass text@lerts prior to thearrival of the flash flood to Telecom Network (Nepal Telecommunications, n.d.). The
alert atrisk communities to evacuate. The DHM hadost for sending 100 bulk SMSs on the Ncell network was
warned over 50,000 -atsk residents in the relevant riverNPR 26 (US$ 0.21) or NPR GZUS$ 0.0021) per SMS.
basins through SMS with sufficient lead time to tak&his price is accessible for the DHM given its meagre
preparedness measures and evacuate, leading to lowefget.
than usualfatalities for a flood event of that intensity The cost of monitoring the water levels is also
(Practical Action, 2017; Karki, 2017). relatively low. In general the cost of maintaining a
Local communities were able to better understandlemetry monitor for a period of one month was
flood risks as levels of dangers. They also bettapproximately US$ 8vhich amounts to annual cost of
comprehended warnings due to the increased outreactU&$ 96 (NPR 12,115) (DHM, 2018).
the SMS sysim. Currently, the system covers only 8 SMS technology is also accessible to the Nepali
polygons (regions) in Nepal and is undergoing expansipablic, making it an effective tool to get in touch with the

to cover 42 polygons to serve a larger population and atea r g e s t number of peopl e
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GDP/capita of US$ 1,115 020 and the low cost of SMSa more empowered position with which to operate with fit,
and other telecommunications services in Nepal, tle@suring a reduced burden on the governmental first
number of mobil e phone s udsmmdersguvicas.dhe DHM had rdp8dlinmdGOS and\te p
population as of 2020, thus a large proportion of th@ivate setor to assist with disseminating messages as part

population reachable through SMS services (World Band, f Nepal ' s early warning
2020a; Worl Bank, 2020b). responsibility across multiple stakeholders, the system is
Overall, it is estimated that the cdstnefitratio easi er to I mpl ement and i s

of a flood early warning system is 1:11. This means thaitore centralised position made it lesapable of

on average the benefits of an early warning system rmintaining databases of contacts at the local level. The
improve preparedness and response measures would bstfdtegic outsourcing of some of the manpower investment
times that of the ci of setting it up. Using an accessiblén early warning systems ensured that the system could be
early warning system for the public makes it all the moreaintained by the government without straining its
beneficial as a large proportion of the population becomakeady tight budget gsition (DHM, 2018; Practical

reachable (DHM, 2018) Action, 2017).
Structurally speaking, the DHM has two key
Nepal Telecom: GSM Coverage in Nepal functions as an organisation. It monitors and researches
=EIETIEL = Nepal ' s hydrology as well ¢

the agency primed for spearheading early warningsyst
in Nepal as itis able to integrate and work with related and
diverse data sets which would usually be under the
purview of different agencies. This eases coordination
within the DHM at the national level. Disaster Risk
Reduction and Management Act 2017 mandates the
Government of Nepal to upgrade its eaklgirning system
through research and development at a national level. This
_ X T30 is possible for the DHM to undertake which it has already
[Figure 15: Coverage of Global Mobile COmmunicationdone and continues to invest in (DHM, 2018, ICIMOD,
System Infrastructuri Nepal (DHM, 2018) 2019). Artice 50 in the Nepali Constitution mandates the
decentralisation of power to the local level governments to
manage early warning systems and invest in flood
preparedness that is suited to the local scenario. This
allows for better contextualisation of systeansl adaptive
measures. DHM regional offices have previously assisted
in sending out warning messages generated from the
national DHM office and the NFFC to local and
subnational actors as they have a better localised database
of contacts within villagesral municipalities as well as
within NGOs such as Practical Action (Meechaiya, 2019;
DHM, 2018).

Finally, Nepal s teleco
Ro expand rapidly becoming more accessible for remote
and rural populations. It is also relatively resilienthen
heavy rains interrupted telecom networks in 2017, around
91% of the coverage was restored within a span of a few

. : , . . days allowing for rapid relaying of messages (ICIMOD,
Using MoUs to coordinate with local civil souety2019_ Nepali Telecom, 2017)

organisations, the DHM is able to bridge the gap between
its national scope of action and local contextualisation agc& 3 Equi
knowledge. This ensured that the DHM, which always hfid—M '

to remain focussed on the biggacture and longerm In 2017, the text messages were iisto coordinate

trends was able to do so while local civil society was IVELtween local NGOs to evacuate 4,700 vulnerable people
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from villages (Karki, 2017). Many villagers werewaters. Furthermore, poorer areas are unable to respond to
successfully evacuated by boat or foot given the relativéBMS as more people tend to be illiterate in these regions

short lead times associated with flash floods. and written warningsannot be easily understood (Karki,
2017; Bhandari et al, 2018)
! Awareness of text alerts has been low initially, but

has been lately improving due to local efforts to inform
vulnerable populations (Karki, 2017). However, better
training and education wadibe required to ensure-iask
populations better understand how to comprehend a
message and how to act upon it appropriately to aid
evacuation such as immediately safeguarding important
documents in a waterproof bag prior to evacuation.

The DHM is a natinal organisation that lacks
high resolution knowledge of the local context. A national
flood-warning system, while useful, may not be able to
adjust warnings to local contexts. National mandates have
already begun to push the public sector towards lachlis
early warning and preparedness measures. Local level

overnments lack resources for flood forecasting, forcing
e NFFC and its services to remain in the national

[Figure 17: Boat Evacuatn Triggered by EWS in Jhapa,
Nepal (Bhandari et al., 201B)

Field visits indicate that at least one member p
household has access to a mobile phone,

|n.ternet_ ac.cess or smartphones. SMS alloyvs for betgﬁ{hough they exist for national ldvéMeechaiya, 2019;
dissemination of warnings thahe DHM website due to DHM, 2018)

its greater penetration among the population, especially in Warning systems for flash floods need to be more

rural areas. While they are natively Bhojpuri SIOeakergfficient as they are less predictable than fluvial floods. In

people in the floodisk areas of the Terai region aISOsome basins the lead time is as low as 15 minutes (Bagmati

understand Nepali wamings and were able to comprehenn r at Sundarijal) while in othersi it is as high2shours

and &t upon them. Use of vernacular languages such (%samali at Chisapani). Water levels in Chepang very

Nepali over English allowed better preparedness duec}ﬁickly breached warning and danger levels indicating

higher Is\;ﬁ/ls 0: ccampreher:spn (aHM’ 2018). b_Ithat flash flood response and preparedness is necessary
o of the population has access to mo |§?HM’ 2018; Bhandari et al., 2018)

0 . 0 .
phones compared to 39% for radio and 13% for internet. Nepal s mountainous ter

New provsions under the DRRM Act allows NGOs todespite the relatively wide coverage provided by Ncell and

play a greater role in flood forecasting and preparednq\\?gpaI Telecom (DHM, 2018). However, the telecom
activities at a local level. This can better integrate the more: vork in Nepal i1s undergoing ex,pansion and

\r/]ulner?r?le r?.ecr:]tlor':s |nto|t?e poy?ulsltlonl a:js NG|OS IOﬂ‘ﬂ?Jgra dation (ICIMOD, 2019).
ave the highest resolution of knowledder loca Funding of monitor maintenance needs to be

circumstances as well as local social and power dynami&a.Ci ded. Roping in local stakeleks such as villagers

This could ensure that vulnerable and illiterate people CREOs and local levels of govemnment may help further
still be reached and warned in time for evacuatiol%Oluce the costs of monitoring (DHM, 2018)

(Meechaiya, 2019).

There is a major gender gap in Nepali flood
warning access. While 77% of men received early
warnings, only 33% of women did. Additiongllhigher

Despite the elati f th kNGO presence in Western Nepal means that
espite the glative success of Ine measure, many %unicipalities in the west are more likely to have

challenges exist. The most vulnerable often d_o n{‘)utnctional evacuation plans compared to the East. Thus
understand the gravity of flood alerts and delay their o

_ o _ o _ Jtnder and regional inequalities need to be addressed to
evacuation. Coordination with local authorities and civi

. L : . nsure this begiractice can be furthemproved and
society organisations is required to ensure pleta

ion. This lead _ ible behavi hbecome accessible to all Nepalis (Meechaiya, 2019).
evacuation. This leads to irresponsible behaviour suchas "\ ..o in the above discussions, the SMS

reluctance to evacuate or even heading closer to ﬂo\?/%rning system served multiple stages. While the concept
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was predominantly developed as a way to warn and
prepare vulnerable populations to quickixeuate before

a flash flood, the provision of free SMS facilitated
coordination of response efforts and relief efforts of the
(temporarily) displaced population. It also prompted faster
recovery due to fewer fatalities. These feedback loops will
be furthe discussed in the conclusions section.

86



y

Best-practice description

* Fort Bend County conducted surveillance of city

during severe floods in 2016

» SUAVs are launched in open spaces and then
capture a variety of recorded data in 15 minute

flight

* Data is then processed in a mobile laboratory to
generate useful insights and predictive models

Cost-effectiveness

« Cost of an SUAV is USS 1,000
to USS3.500 which is cheaper
than surveillance from satellites
or the military

* The resultant data and elevation
models were of high quality and
comparable to LiIDAR

« Realtime data measurements

Aerial surveillance of high resolution to inform flood response

Feasibility
* Requires trained technical experts
to operate SUAV as well as process
the resultant data into useful output
* Data transfer to mobile laboratory
must be done via storage drives
due to high volume
* 30 minute battery life is more
than sufficient for each

surveillance round

Challenges, Solutions & Scaling

* Technical and time limitations in processing data, challenging for flash

floods

* Increased research and development of machine leaming and Al

capabilities to reduce manpower use

N

« Need for technical expertise. service level agreements may help

streamline response management in the future

—— -

_—a -
< e

Equity

» SUAV footage was released on
Youtube for ease of access for
public

» Local knowledge experts were
able to bridge the gap between
technical experts and residents

\L” -




to control given how far they orbit the Earth. Thus SUAVs
4 ' Response have seen increased adaptation as a tool to inform response
in emergency services globally, but especially in the

4.1.1. Background and Relevance

Fort Bend is one of the largest urban areas in Texas an
a satellite town to Houston. It has a blend of dense urb
suburban and rural areas. It currently has an estima
population 0f822,779 people as of 2020 (Murphy et al \
2016; United States Census Bureau [USCB], 2020). F? igure 18: Unmanned Aerial Vehicles used by
Bend was hit by two floods in April 2016 and May 2016Emergency Office in Fort Bend County (Murphy, 2019)
The flood in April had the fourth highest water level on

record while the one that occurred in May hiael highest 4.1.3. Besbractice Description

water level on record, exceeding the previous one by four

feet. Both floods were thus declared as natural disastersrli% FBCOEM was able to coordinate with a fofit
the . P r.e sident. Fo r t B_ € n_déeﬁtre fJ)r Rdbét kési&erd Segréh%n%l ?{esché)(CRrAéAﬁ)e
made it particularly vulnerable to fluvial flooding, iNyho provided the SUAVs. Teciual experts typically
addition to rsk of pluvial flooding from rainfall caused by lan to measure data from strategic spots across the county

hurricanes which are common in the Texas region. The o imise the coverage of the county area as well as to
Fort Bend Office of Emergency Management (FBCOENBrioritise the most atisk regions. They then drove by

made use of Small Unmanned Aerial Vehicles (SUAV) ttE’ar/jeep from location to location to conduct aerial susvey

assess damage and amend response plans accord'&%’ returned to the Emergency Management Centre to
(Murphy et al., 2016). transfer the data into computer systems. This process tool
around 45 minutes on average given the poorer road
conditions during flood events (Murphy et al., 2016)

_ _ ) On average the set up time for the SUalMeach
First responders to a flood could potentially benefit frorgte was less than 15 minutes provided there were suitable

aerial images of the fiood site. This allows them 10 plagnjing gpaces and distances from aerial obstructions
evacuation routes as well as predict the possibility gﬁound the launch area. The SUAVs were flown around
further damage and prlorl.tlge actlonsccamjlngl_y. The 118 metres (390 feet) in height to avoid exceeding the
results can improve the efficiency of rescue missions apd, ., 4ateqd legal limit of 12Metres (400 feet) set up by the
overall response to the flood by allowing first reSpondeﬁséderal Aviation Agency. The legal limit is in place to
to better visualise and understand the risks present on ihe, o that SUAVs do not fly into commercial or defence
field (Murphy et al., 20?6)_' In general, :?m SUAV can b_g‘ﬂrspace where they might get damaged by larger aircraft
used for7 types of missions. These include strategig i ierfere with parallel surveillance or rescue ofiens.
situational awareness, examination of buildings, Watgr, ., fiight operated within a 800 metre (0.5 mile) radius
search and rescue, ground search and re.scue, ﬂ?r%% the launch site and also within the height restriction
damage assessment, assessment of transport INfrastruGiIES < e its continued visibility to the operator. The data
and to dehve.r key ma.terlals. Thes.e missiotispiay a was analysed in a RESPON®mobile laboratory using
central role in gathering reconnaissance of the ﬂocFﬂultiple softwaresincluding CartoFusion and AgiSoft.
situation  (Murphy, 2019). Unlike satellite imagery e RESPONER mobile laboratory can be moved from
SUAVS_ can eaS|Iy.naV|gate f.Io.o_d reglons_ gnd takg h'ghgﬁe location to another to better coordinate emergency
resolution data with a possibility to revisit the site fofesponses if a site had to be moved. In 2016, all data
multiple data inputs. TBiis because SUAVs (pictured inprocessing occurred within the premises of the FBCOEM

figure 18) can fly closer to residential areas and flood S'tﬁ\ﬁurphy et al., 2016)

compared to conventional manned aircraft and An SUAV can produce ephemeral (niecorded)
helicopters. They can also fly below cloud cover, offerinQ)W resolution video live to the operator. This data was
a higher resolution than satellites which are more ditffic

4.1.2 Justification

used by the operators to judge if the actual flooding has
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largely followed that of the model or if there have beemformed on platforms such as YouTube (Murphy et al.,
any major discrepange This comparison can be2016; FBCOEM, 2016).

insightful in terms of finetuning predictive models that

could warn communities that may be at future risk ¢ NPhologrammelncsona i
flooding or identify areas to pmmptively evacuate. . SiPReinao, E_ﬁ?’.‘mp'"”j";’ddc‘m
Additionally, it is able to record higher resolution video af’ upload </
well as high resolution photographs which contain-gef'l k

tags that indicate precise location. This recorde s |
information is stored in a Secure Digital (SD) card insid
the SUAV. Data was also derived from the recorded de
using thirdparty softwares. SituMap is danduse
planning and visualisation tool from CartoFusion which

able to display collated data. This software was used i e
produce two maps to inform decision making. Firstly grigure 20: Inside and Outside of RESPONDMobile

map was made indicating the locations of all the imagegporatory (Murpy et al., 2016)

taken. The second ieactive map included data such as

the area’s digital el ev ytricedera ValGaioh ( DEM) and norn
satellite photographs to current (flood) photographs. It

further permitted the data analyst to measure distances agghvs are a potentially easy to access, edfective and

areas as seen in the below figure 19 (Murphy €2@16). feasible to implement solution to generate high quality and
real time information of the status of floods to amend and
adjust emergency response. Theadgthered can also be
published in a format that is easy to comprehend for the
everyday citizen. However, there are multiple technical
limitations for this technology. Nevertheless, continued
research and development in this technology only makes
investirg in it more compelling as an attractive and
functional tool for flood response.

:
‘ /

Visualization of what

4.2.1. Coskffectiveness

[Figure 19: Images from Unmanned Aerial Vehicles iThe SUAVs were able to assess the extent of the flood and
Fort Bend County, Texas (Murphy et al., 2016) measure possible flood heights as gauges and predictions
were giving erroneous readingghus, the flood heights
The Exchangeable Image File Format (EXIRvhich are also known as crests could be more accurately
system was used to tag the latitude and longitude of timeasured in redlme. The SUAVs were also able to
photograph thereby storing geographic information. Theseconcile actual observations with other predictive models
EXIF tags were used to automatically position the image improve modelling to better predict the future extent of
taken by the SUAV with the base images of tame the flood and provide useful data for the FBCOEM to plan
area/region to generate a before and after flood map akaponses (Murphy et al., 2016).
location for the sake of comparison. The above data is With respect to the financial investments required,
complex for an average operator to process. Thus théne cost of the SUAV as well as any licensed tpiagity
were dedicated data managers on the response team. Sidfevares need to be taken into account. The estimated
data manager plays a keyle by backing up recorded datacost ofa SUAV is US$ 1,000 to US$ 3,500 depending on
saving it and labelling it and finally recognizing high valu¢he data output it produces. Those which produce low
data points and ensuring its ease of access. Furthermogeplution images are cheaper than those which can
they also collate data from various SUAV flights angroduce higher resolution video output. However, in 2016,
process it using third party softwares to produseful the SUAVs were made available by CRASAR on a
maps and output for the FBCOEM. Some footage ambehporary basis and no rent was paid. However, in the
outputs were made available to the public to keep thdamg-run it may payoff to invest in a dedicated SUAV to
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serve the county. A SituMap licence costs US$ 1,000 and
is able to process data 483 FEquityour’'s time. This coul
contri but e t oonse hoeflooding.uThdsey ’ s r esp
costs are relatively meagre when taking into account tlibe SUAV footage proved very useful in bridging the
county’'s |l arge popul at i o differanced betwhen she teahrticallp trientetl fespondees r
base (Murphy et al., 2016; USCB, 2020) and the eeryday citizens of Fort Bend. The use of before

In general the elevation models generated @and after flooding images were useful in convincing and
SUAVs are comparable to those gexted by satellites or warning the most vulnerable communities which were not
LiDAR technology and could be applied for fluvialyet affected by the flooding to evacuate and provide a live
flooding such as the Fort Bend case. They also are ableuwtal realistic visual of the possilllamage and risks they
fly below cloud cover meaning that they are able tmay face (Murphy et al., 2016).
generate decent resolution data in comparison to satellite The upload of SUAYV footage on Youtube ensured
image. This reans that for the above cost investment, thewas accessible for those who were unable to help their
output of SUAVSs are often of high quality that can be used-risk relatives. Youtube is a widely used platform in the
to inform local response efforts properly (Antoine et allynited States and more straightfordiao access for a

2020). larger age group given the higher levels of internet
penetration in the United States. Many areas which were
4.2.2. Feasibility out of risk were also pointed out to reassure the public of

the progression of the flood and avoid paniduced

The drones need technical experts from CRASAR to behaviour whichwould divert scarce emergency response
operated. Howver, as the operators have less locaksources. This ensured that the FBCOEM had to handle
knowledge, collaboration with the FBCOEM and the Fofewer unnecessary preemptive calls and focus their rescue
Bend County Drainage District were required to ensurengissions on those facing higher risks, greatly improving
proper coverage of the surveillance. Thus at least thitbe flood response by using a Hs&sed paradig
people were required for the operation of anygi8&JAV  (Murphy et al., 2016; FBCOEM, 2016).
flight mission. This is because at any moment, one person Local experts were able to bridge the gap between
was required to fly the SUAV, a second individual was teveryday citizens and property owners and technical
monitor the flight to ensure all safety protocols wereeams. Very often teams were approached by local
followed and is a federally mandated requirement, amesidents with concerns about approaching floods during
finally a local expert wa able to contextualise theflight opeations. Ensuring the easy understanding of the
surveyed area. It is possible that in particularly lean timsguation allows the resident to make better decisions
where personnel available are limited, it is possible privately with a relatively good knowledge of the
conduct this in pairs instead (Murphy et al., 2016; Murphgijtuation. While a technical expert would be unable to
2019). On top of the technical experts who optahe explain the implications of the flood level orogression
SUAVS, the large volume of data generated required futb a resident, a local expert form the FBCOEM or
time specialised data management personnel to be pre@mainage District who is familiar with the neighbourhood
to enter the rapid processing and visualisation of dateuld easily do so (Murphy et al, 2016).
output (Murphy et al., 2016). SUAVs are more affordable, accessible and

Given the flight radius required was 800 metresansmit data at a higher resolution than satellite anag
(0.5 miles), the SUAVs usually had more than sufficierwhich allows for better response and a solution that is
battery capacity to last the 15 minute flight so they camithin reach for many local or regional emergency
continue to operate if a longer flight time is needed. Thauthorities. Given the smaller scales and budgets of local
battery also can be charged by a car inverter rather thde\ael offices, such solutions are much more within reach
special generator makirigeasy to transport and chargethan larger interventions asomducted by national
The average battery life of an SUAV is estimated to lganisations such as the military (Murphy, 2019).
around 30 minutes, which is more than sufficient time to
make a proper surveillance of the prescribed radius3. Barriers, Expectations and Solutions
Furthermore, the SUAV was able to charge quickly whilBespite the improved response to the flood, there were
it was being transported from one launch location sbme key challenges identified within this bpsactice.
another (Murphy et al., 2016; Murphy, 2019; Hashemkirstly, each team had to drive 58 miles per day of survey

Beni et al., 2021). indicating a large amount of time was spent in driving
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from location to location tha to collect useful data
(Murphy et al., 2016) nyLS

The EXIF tags occasionally had slight '
inaccuracies as the camera may not have always b
positioned straight down and only reflects the SUAV
position. However, these could be manually adjust
However, give the short time frame, the map was @
reasonable accuracy to draw conclusions and to use ag
this manual adjustment process. On average it ta
around one minute to rectify and manually adjus
inaccurate images. However, if unusually large volum
of data are required, manual adjustment may be ti
consuming in a shorter response time frame (Murphy
al., 2016).

Using operators who double as data analys
inhibited the performance of the SUAV as the data outp
was too voluminous to be processed inetitn produce
useful output. A dedicated data team had to be set
However, from a preparatlon pglpt of view, there _'S nﬁ:igure 21: Standard launch site for SUAVs (Murphy et
guarantee that technically proficient volunteers will bﬁl., 2016)
available at all times. Therefore, the use of service level

agreerner\ts with NGOs, private  firms  and o_the_r_l_aunch sites required relatively open spaces without too
organisations such as CRASAR to ensure the ava”ab”Wany trees or overhead cables. This was difficult to find
of a pool of technically proficient volunteers for data, w o oider and more densely built neighbaatts. A
mana}gement and. processing.  Additionally, ma“:h"’geood example of such an ideal launch site is depicted in
learning could partially automate and reduce the laboﬁﬁure 21. This is a major issue faced by fixed wing
required for ‘mag‘? data processing Wh_iCh reduces theavs which resemble aeroplanes in terms of build.
demaqd for gdglltlonal manpower required o fun the?—ﬁ)wever, this issue can be partially overcome by using a
operations/missions (Murphy et al., 2016; Kremers, Zoz%tor-winged SUAV which reseniés a helicopter and

Munawar et al., 2021). requires less space for ta@ff and landing. However,

Large data volume makes data transfer througgtor—winged SUAVs do have poorer battery
cell networks unviable. Physida&nsfer through SDcardSperformances and cover a smaller area at a higher

and thumb drives was required, which took anyWheF_ssolution. The tradeff must be considered prior to

between 2 to 6 hours. This presents a significant delayir‘ﬂplementation depending on thesarthat needs to be

data processing and output production. This is partiCUIagﬁrveyed and the nature of that area(Murphy et al., 2016;
problematic for less predictable floods such as ﬂasf\ﬁurphy 2019; HasherBeni et al., 2021).

flooding where the lead time frame is short giving very There is potential to apply this technology in a

little time to process data before it becomes pmemialbfeventative or preparedness manner by regularly survey

irrelevant to the status quo (Murphy etal., 2016). rapidly developing regions or making surveys prior to
SUAVs also are currently unaple to gleneratﬂ?ooding season to then followp with preventative

useful data to assess damage to housing and pOP&Herventions. The predictive flood modellingan be

especiallyip greaswit_hahigh green cover. This represe%roved by integrating SUAV data from previous
a key gap in information that would be of great utility t?looding events with an Al model (Murphy, 2019
first responders. However there have been new Munawar et al 2021)

softwares in development which are able to help with It could also assist with the recovery process to

detecting edges of water inumtdn@ which could make survey damages and make priority oriented decisions for
damage assessment more feasible and accurate. Th'éﬁ@ctive rebuilding ofhe damaged areas. In the leng,
further possible by the use of landmarks to assess ﬂor(ﬁ%chine learning could be used to improve the quality of

levels and to estimate damage petter. Research in thﬁﬁ&ges to detect morphological changes caused by floods,
aspects of SUAV technology continues currently (Murphy, possible consequences and thus guide the
et al.,, 2016Munawar et al., 2021).

91




redevelopment of the region. However machine learning
automaion still requires up to 13 hours of preprocessing
of image data. However, they have an 87.3% accuracy in
the most recent tests indicate promising developments
(Murphy, 2019; Munawar et al., 2021; Antoine et al.,
2020).

Despite the above discussions a®yelopments,
the most recent floods in Fort Bend saw a nearly identical
response with mostly the same besictices used.
However, the newest development in this case was the use
of the Hanger360 application to stitch image data into
panoramic visuals ashare it rapidly among the public as
visuals which aided response (CRASAR, 2019).

Overall, the rapid response towards a flood
ensures the recovery can also occur at an accelerated pace.
Despite the large scale and economic destruction caused
by the flood in Fort Bend, very few casualties occurred
and the region has continued to see rapid growth and
development. This feedback loop will be further discussed
in the conclusions section.
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Use of natural drainage systems (

Best-practice description

+ Climate adaptation initiative for low income
social housing estates in Fulham & Hammersmith

Council

» Swales were built to improve conveyance and

drainage of stormwater

» Swales were tested for structural integrity and
were carefully planned for optimal drianage

Cost-effectiveness

* Installed swales could handle 40mm
rainfall events which are unusually
voluminous events

* Up to 87% reduction in mean run-off
volume generation for standard rainfall
events

* Along with other green infrastructure,
annual costs are €21,700 for large
number of beneficiaries

Feasibility

* Requires some level of planning
to retrofit into built spaces, most
potential in medium density estates
* Relatively low maintenance
requirements; drain clearing and
vegetation trimming

* Could potentially mimic natural
hydrological patterns

Challenges, Solutions & Scaling

« Difficulties in retrofitting in very high density settlements

« Difficulty in evaluating economic benefits using traditional economic

models

\
« Parallel feedback loops where recovery and investmentin swales

improved future capacity to mitigate floods

Equity

* Used in social housing, allowing
most vulnerable to be able to
adapt to changing climate

* Generation of local economy
and integration of most vulnerable
stakeholders to take ownership




interferes with emergency service provision leading to a
5' Recovery higher loss of life and poorer health and economic

outcomes (Green et al., 2021).
5.1 Naturetechnological solution

5.1.2 Justification

5.1.1. Background and Relevance

Green infrastructure has rarely been implemented as an

London’s population i s g rinsea pajofihe gvaiyday ugasgape in thegUpited ¢
in 2020 to 11 million by 2050, a record high absolut€ingdom, as most agencies have traditionally operated in
increase in population in its history. Summer rainfaft Paradigm where importance and emphasis was placed on
volumes have decreased by 6% by 2020 and are expe&te&Y structural engineered solutions to combat flosks.
to decrease by a further 18% by R0Bading to a drier Thus, London could use this to its adwae to better
climate with more erratic rainfall. Conversely, thétdapt to climate change and flooding while remaining a
intensity of storms in London is expected to increagfeener and liveable city (GLA, 2015). With an increased
between 2020 and 2050. To further explain that whigmphasis placed on building back better and engaging
overall precipitation declines, the increased occurrenceB#itiple local stakeholders by the Sendai Framework of
storms places Lradon in greater risk of pluvial flooding in 2015, green infrastrre can allow cities to adapt to
2050. To elucidate, Lond8hangiag cimate pajiems tojbgconie amorg fesilieny to g
but more erratic putting at an increased risk of flash floofigure floodrisks while delivering multiple other benefits
(Greater London Authority [GLA], 2015). including economic, psychosocial and ecological positive

Around 20% of Londo n esemplifes Jhus smalhscajejggen infragineciingt o
Thames fod plain which is a relatively flat and lelging ~ an alleviate local level pluvial flooding would be of great
region prone to fluvial floods. However, it is welld t i ity in securing London
protected by traditonal engineered solutions t#ater sensitive city (UNDRR, 2015; Green et al., 2021).
prevent/mitigate fluvial flooding (GLA, 2015). The
ancient Vicotrian drainage system however does nat ha2-1.3. Besbractice Description
the capacity to drain stormwater and sewage due to wear
and tear over the centuries thereby increasing the riskJ¥ales are broader, shallow chasnehich can be used
pluvial flooding and sewer overflows all over Londont® Convey excessive rain water to a waterbody for storage
This is worsened by the higher amount of impermealf# be used to catalyse the infiltration process of water into
surfaces in London which deland prevent drainage ofthe groundwater table (SusDrain, n.d.). The sides of these
excessive rainwater into natural water bodies &hannels are slope inwards to encourage water to drain
percolation in the ground water table. Furthermor&to the swale rather than flow to other areas and have flat
increasing maintenance costs for drainage and labour RR§oms which facilitate the conveyance of higher
led to deteriorating conditions and performance of tiolumes of water. They are also relatively compact
city’'s d restrictare, gfetheri imcfeasing thecompared to other forms of green infrastructure such as

vulnerabilities of urban areas to flooding. The lack dfin gardens (Transport for London ['ﬂ12016.
water sensitive development interrupts natural cycles I m ] l K '
flooding as well as removing natural water storag |
capacity which was ©part
would have helped to regulate flooding better (GLA, 2011
Potter & Vilcan, 2020; Green et al., 2021).
The situation looks even more bleak as Londd
continues to lose green cover each year. The estimated
is around 875 acres annually (Li et al., 2020; Ré\aks,
n.d.). This reduces the amount of land that is able to dr
excess stormwater, and thus exacerbates
aforementioned risk of pluvial flooding as green spac
gradually give way to housing. Inundation in citie
increases the risk of the spreddvaterborne diseases and™ &y azom

whi
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(Connop et al., 201%)

Swales can be easily integrated into buildings and-bpilt S
land areas due to their compact design. Swales have b = '
used in Queen Elizabeth Olympic Park to improvager
drainage as well as storage after the land was gradui
converted from buitup spaces to host the Olympics to ¢
green space that functions as a natural drain a
recreational space. They have also been previou|
implemented in the East Village teetter handle storm
water runoff generated from the builtp land in the area
(GLA, 2015).

[Figure 24: One in hundred year precipitation testing on
51 local swale (Connop et al., 2016)

[Figure 23: Roof pipe draining into a conveyance swale

(Connop et al., 201%)

Swales installed were easily able to handle a 37.2mm r:
event where the peak ndall intensity was 188mm/hour.
No pooling was vVvisible i
drain and percolate water into the ground or convey it tc
water storage body. Rooftop drainage systems w
connected to the swale to hasten drainage as seenria fig
23. Aonein ahundred year event would have led to 40
of rain in a matter of an hour (Connop et al., 2016).
urban areas such as London, high population dens
makes retrofitting swales rather higher in cost. Currentl
poor economic growth hasceced financing for essential

ta
utilities meaning that investing a swale has a hlghﬁflgure 25 Swale in hlgher density fghbourhood
opportunity cost (Li et al., 2018). (Connop et al., 201§)
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27% to 100% depending on locabrtexts and design
constraints (Fairbrass et al., 2018).

The overall cost ofimplementing swales and other
green drainage solutions for two social housing estates in
the Fulham & Hammer smith cc
investments lead to only light engaring works and
retrofitting of these solutions which successfully diverted
100% of the excessive stormwater diverted away from the
overburdened drainage system, resulting in a total of
1,286,815 litres of water annually (ClimaA®APT,
2016). Overall, 4,587 square metres of land was improved
and 22 unemployed youth were trained to assist with
N— . —— — maintenance of the infrastructure.This particular project is

[Figure 26: Swale in medium density neighbourhood ifXPected to last a minimum of 20 years although the actual
Fullham & Hammersmith Council (Connop et al., 2q16)lifespan is variable. On average, excludingntenance
costs, the annual i nvest mer
However, they have been previously implementdfi€ estates, which is an affordable amount, especially if
successfully. Swale overflow designs were used to contfBHltiple funding sources are utilised to distribute the costs
overflow of water when the swale was at capacity. If @r0ss diverse stakeholders. The overall social return on
swale reaches full capacity, the overflow chamber relead@¥éestmentwhich includes the total economic, ecological
water into standard drainage infrastiure. Swales are able@nd social benefits for each unit invested in green
to be tested through the release of water into the swalrastructure such as swales was estimated to be 4.39
Over 10,000 litres of water were released into the swale/{@€s the initial investment (Clima®DAPT, 2016).
test for absorption/conveyance capacity. No overflow
occurred into the overflow chamber. These designs we @
used toconstruct swales in lomcome housing estates in -~
London in the Fulham & hammersmith Council (Conno_ =&

et al., 2016). qug

’

5.2. General Evaluation "

Swales are usually implementable at a mesoscale solu ~ AL
for flood-risk management and are a moderate to hig 3
effective infrastructure depending on local contexts a / ;
implementation (Green et al., 2021).

[Figure 27: Location of swales and camera poirits
Fulham & Hammersmith Council, Social Housing Estate
nnop et al., 201)

5.2.1. Cosgffectiveness

Swales have lower capital costs and are relatively easy(%0
retrofit into medium density areas without major and . o :
Outside of application in housing estates, swales

costly engineered inteentions. Relatively low _ )
: : : . can linearly attenuate flooding and store or convey flood
maintenance is required to keep a swale functional. These

: . . waters. This makes it highly implementable along major
maintenance requirements such as clearing blockage sor

trimming vegetation growth can be incorporated witﬁoad and railhetworks and can be justified in terms of

I ; . London’s high disruption coc
existing maintenance by the public sector of common _ . .

. spaces on the side of transport corridors can easily be
spaces (SusDirg n.d.).

Overall, a well designed swale can reduce threpurposed as swales, reducing the cost of retrofitting

mean volume of ruoff from a rainfall event by upto 87%. tﬁem (TfL., 2016).
In addition to that, the swale can also reduce the peak
(maximum) ruroff volume of stormwater from between
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Hammersmith as part of the EU Climdeoofing Social
a0 Housing Landscapes scheme. The scheme aimed to make
low-income housing in European cities more resilient to
the changing climate patterns they face. The development
and implementation of swales in the estate involved local
people and the implementing authority even hired lower
income residents as appreecand interns thus making
the swales and other green infrastructure a source of
190 wesumuae  €mMployment for some of the most economically
—=dweled yulnerable residents (CLima#&DAPT, 2016).

Swales were used to combat pluvial flooding in
the Queen Caroline Estate and the Cyhktcher, Eric
MacDonald and Richard Knight houses in the Fulham &

Level (m)
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[Figure 28: Graph of Wter Levels in Swale after Storm

(Connop et al., 201§) Hammersmith Council. The Department of House Estate
Services worked with NGO Groundwork London to
5.2.2. Feasibility spearhead this project. The Department acted as the lead

coordinator on behalf of the ldcaouncil of Fulham &

Swales are easier to retrofit into medium and low densfg@mmersmith. . Thus,  the  potential for ~ swale
regions. This is because there is often more Spa{géolementatlon is best when both technical and-non
available, especially along footpaths and roads and alsd§fhnical  stakeholders work together. The scheme
the form d empty lots which could act as possiblé:oordlnates with both residents and maintenance
locations to construct a swale (SusDrain, n.d.). contractors to train them on maintenance ianolve them

Low maintenance includes occasionally clearinga ensure the longin sustainability of the project

blockages, cutting excess vegetation as well as cleanfigmateADAPT, 2016). .
out sediments formed over time. These processesdonot !N & time period when

requirehighly technical or trained professionals, and af@infall pattems are getting drier and more erratic, access
thus more affordable and feasible to arrange for. Hen&g’fresh, clean water is of significant concern. Investing in
the lower maintenance costs may even be able to makPifswales becomes a form of multiple value creation

for higher initial investments in more vulnerable denselyithin just the water sector as on top of managing floods,
built regions (SusDrain, n.d.). they can filter out silt and some pollutants which can be

Sustainable Drainage Solutions (SuDS) icaptured or synthesised by vegetation and the soil

generally more feasible when considered as a fundameffiifround the swale. Access to tieswales throughout

part of a new development than when it is retrofitted, 43¢ City Will be easy given that it becomes a form of
natural hydrology of the land can inform planninglécentralised holistic watenanagement natuteased
decisions while in existing builip land, the naral solution. This means that its costs are easier to justify than

hydrology is already ignored. However, despite the§gntralised underground drainage systems which are
challenges it is possible to retrofit swales (Potter & Vilcaiifficult to build and maintain in a densely built city and
2020). Time Lapse cameras are an easy way to monitor §Quld potentially benefit people across areas of various

swales in a somewhat centralised and coordinated maniiePme groups, especially those of a lower income (Haase,
to check their performmce and intervene in advance t#015).

avoid higher maintenance costs. Swales that are retrofitted . . .
in housing can be designed to withstand a one in a hundrea-Barriers, Expectations and Solutions

year severe rain event. This greatly improves the resilience _ _
of the surrounding area (Connop et al., 2016 While swales are a potentially emulatablestqeractice,
there are some key barriers to implementation at a larger

5.2.3. Equity scale. Traditional business and economic metrics are not
capable of measuring the complex benefits of green

Swales have been previously used to create an afforddpfgastructure.  This makes justifying the cost of
solution to climate adaptation in leincome social 'MPlementation challengin@GLA, 2015).

housing in the London borough of Fulham & Even if budgetary concems are answered,
implementing green infrastructure projects for stormwater
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management and water quality involves multiple loc: % S

authorities as it is best done at a catchment/basin lex b Uil

This requires a higher level abordination within the

complex and large public sector agencies (GLA, 2015).
Transformation cannot only be driven by

innovation and newer technology but also update

management practices and collaborative planning

account for uncertainties. Flogdanagment in England

and London is largely centralised under the Environmen

Agency. However, there are Lead Local Flood Authoritie

which handle floodisk planning at a local level.

Centralisation could be inefficient leading to less the

optimal solutions at a local level. However, the

Environmental Agency is increasingly working with the -

private and social sectors to combat this centralised, tc Microscale Mesoscale Macroscale

down approach. By using a locally oriented bottom Scale

approach innovation in management practices may aII$

Multifunctional parks
Swales and recreational
areas (l.e., water
plaza)

Green
roofs

Urban
forestry!
green
stroets

Rain gardens and
bioretention cells

Ralnwater
harvesting
systems

Parks and recreational areas

sainjes; puod vouelep

JAemexeos pue suepied uiel Jo|RWS

Troo pit
planters

Permeable
pavements

Effectiveness at reducing flood risk

v

Y—Mlgure 29: Scale and Effectiveness Chart for Green

for a smoother and more effective implementation Jﬁrastructure (Green et al., 20711)

swales (Potter & Vilcan, 2020).

Lead Local Flood Authorities do provide advice
to private developers, However, given the minimum
requirements of the legislature, it is often ignored by
developers due to theage of achieving those standards.
Further legislative tightening is required to rope in private
developers by improving the minimum standards for
buildings and green spaces. However, the National
Planning Policy Framework strongly advocates the use of
SuDSincluding swales throughout cities (Potter & Vilcan,
2020; Li et al., 2020).

At a local level, there is insufficient resources to
maintain or monitor swales due to lower financial
resources made available to local level governments who
can best maintainnad monitor swales (Potter & Vilcan,
2020). While local stakeholders are highly involved in the
planning phase, this leads to confusion of responsibilities
in maintenance in the UK. Therefore, a clear policy on
how to implement maintenance systems for ssvaled
other green infrastructure will be able to clarify the
positions of the respective stakeholders. (Li et al., 2018).

Overall, it appears that the recovery process of
building back better seen in social housing in London is
highly replicable in other Eopean cities. Interestingly,
this investment in swales parallely increased the mitigative
capabilities. Given that swales are able to better manage
pluvial floods and encourage draining, they reduce the
levels of inundation, thereby reducing the chancés
damage caused by heavy rainfall (Clima@APT, 2016;
UCF., n.d.). This feedback loop will be further discussed
in the conclusions section.
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PU bI|C BeS'tPraCti(ES players tend to look towards the public seftwrsupport,

be it seed money to develop new technologies or funding
DiSCUSSion infrastructural interventions (PUB01, 2022; PUB02, 2022;
PAPO1, 2022).

Public sectors throughout the globe also seem to
have a culture of assuming that limiting the stakeholders
Generally speaking, floedsk management hasinvolved in an infrastructural decision simplifies the
traditionally fallen under the public domain. It continue§€cision making process. The logic behind this belief is
to hold the most financial and technical resources, herlf@t when there are fewer stakeholders, there would be
is the largest and most influential stakeholder. Most pubfic® W& T Peérspectives to0 coOns
sedor organisations tend to have a broadly national focds® ' € €S’ ar e usual diajes 6fsusm ¢
Given the large size and technical resources availabled@yelopments such as local residents who live in the
the sector, there is usually additional pressure to generatigcted region, smaicale civil society organisations and
information on floodrisk solely by the public sector. ToSmall and medium sized enterprises who are based in these
elucidate, the onus afenerating data about flood riskg€gions. Given their less technically oriented knowledge,
largely falls onto the shoulders of technical wings of wat&fey are onsidered a less valuable source of input in any
management or disaster management agencies to coll@vention. Given that collecting social and local
geological and hydrological data to determine flood risk§1oWledge involves a larger time investment, they are not
within a country’ s dtehnical t9%en §he same ipaojange or suistgntial weiggtage in
focus of these agencies mean that there may not alway4§8"s of contribution to decision makirithis contributes
sufficient resources to better understand vulnerabilities Bhthe continued technicahly orientation of the operation
a socieeconomic scale which requires higher levels &f many public agencies in a bid to save time and increase
local contextualisation (PUBO1, 2022). the pace of implementation. However, it is notable that

As discussed above, govemments usually haggencies which operate on this approach have often failed

specialised agencies which focus on disaster managem@h?,qmab'y improving flood resilience across all sections
flood-risk management and/or water governance at©SOciety, or intervened in a saiptimal manner. Thus,

national and sometimes sultional level. These agencieVerall, there seems to be a resistance to integrating
usually have technically trained members whee stakeholders due to these perceptions held by the public

proficient as engineers or data analysts and can wigctor (PUBOL, 2022; PAPOZ, 2022
detailed reports. Their skills and focus are thus geared ~ 'N€re is aiso a culture of investing in structural
towards the study and implementation of structurff€ @sures to prevent floods

measures, particularly grey infrastructure such as damsof €t 0r) are trying to avoi
levees. However, they usuallyo not have sufficient (PUBO1, 2022, 37:10). This therefore leads to a paradigm

capacity to contextualise the technical jargon to tiéh er e physi cea’l satnrduc‘ttuarmgi |
populations at risk or the everyday citizen thus leading #Yen greater importance and priority over fgiructural
a large information and communication gap. In generdleasures (PUBO1, 2022; PAPO1, 2022).

due to this, the public sector also faces pressure to educBaé?rierS.
the public through various means ranging from radic—

messages, television documentaries and through publl'hc

education and broadcasting systems (PUBO1, 2022). e sheer sc,ale and.avallable resources at the public
. : sector’s disposal may make
The (usually) large size of the public sector

relative to that of the social or private sector tendgad change. Haever, it remains rigid and inflexible compared

to other stakeholders perceiving the public sector to hat\(()ethe private sector. Thus, chan.gmg' approaches to flood
. . - . . ._riIsk management takes a larger time investment to execute
the majority stake in designing, funding, implementin

o . . : . 8iven that more often than not, the public sector is locked
and maintaining solutions to rising floodks in any

. o . into systems and legislationgfong periods of time. This
country. Thus, there is an inclination to lean heavily on the ~ =2 ="~ .

. . . inflexibility is further buttressed by the expectations
public sector fosupport and benefits. To exemplify, many

" Rlaced on the public sector by other actors and the overall
vulnerable communities seem to solely depend on the

. . culture of focussing on technical aspects of flood
public sector to manage floatsks and seldom (can) management and investing solely or predominantly in gre
contribute to their resilience. Similarly, even private sector g g yorp yingrey

Expectations:
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structural measures (PUBO1, 2022; PAPO1L, 2022, PUBGRo ney i s sti || sitting on t
2022). 23:31).

Adaptation is difficult when water governance is Furthermore, the culture of prevention focused
highly centralised, especially in geographicallyisk management leads high investment costs and they
heterogeneous countries which simultaneously ovieeavily depend on structural measures. This is also another
burdens the sector. Firstly, centralised managéerén effect of the expectations placed on the public sector as
water governance (and flood management) is usualliell as lockin that emanates from investing in certain
efficient at a localised level. It is also possible at a nationdhds of physical infrastructure and from legisiat
level, however works best in smaller countries such as thieligations imposed upon the agency. This worsens the
Public Utilities Board in tiny Singapore (PUB, n.d.)existing financial and informational pressures on the
However in larger cautries such as Italy and India,public sector (PUBO1, 2022).
centralised management is difficult due to high levels of Many governments have traditionally invested in
geographic, geological and hydrological diversity imnfrastructureintensive single purpose preventative
landscapes and natural water systems in these countnmieeasures suchs dikes in the Netherlands. However, this
This makes designing standardised policies and strlicturzakes investment very expensive given that they serve
measures difficult as each river basin or region faceoaly one purpose. This also makes funding a major
different set of risks with possibly different factors whiclthallenge as the public sector is less inclined to work
may improve or exacerbate the existing risks. Thigadily with other development banks or funding
complication further slows down the public agency frormstruments compared to the private sector (PAPO1).
restructuring or innovatingsait is simply too large to
strategicaly manage (PUBO1, 2022; SoOco1feedback Loops:

Decentralisation is a difficuldt but viable process
are countries where decentralisation is more succes$RMer the course of this report, a variety of feedback loops
than in others. Power is not only sthised but state originating from public sector initiatives were identified.
ma n a g e d hetehisuasrealt power play between th&Vhile they were highlighted in the respective case studies,
state (national) an-dPuBdLe theireggnes implications, werealefti updisgupsed. The
2022, 03:28). Notable success in decentralisation is visififfdlowing section will expound more detail about these
in the Netherlands through the existence of water boafg§§dback loops.

which operate on a regional level and gireen sufficient One of the most prominent feedback loops
power (PAPO1, 2022). observed was the close linkage between prevention and

Information available even in the technicallymitigation, particularly when the interventiowas a
competent public sector may be outdated due to high cosgictural  (grey) infrastructureriented measure. In
of gathering information. A topown approach also general, it appeared that an investment in prevention
overburdens the public sector to generate data. This algasures also boosted resilience by introducing a capacity
makes it more challenging for the government to adapt & mitigate. This could be because a preventative structural
try newer methods of research and informatiofeasure (if designedel) can still reduce the damage
management as they remain lockeavith older methods caused by flooding even if it does not fully perform.
and legislative provisions. This is particularly challengin§onsidering the case of the diversion canal and detention
when the socieconomic impacts of a meas must be tank in Singapore, this can be clearly demonstrated. The
increasingly considered when using a-fsised paradigm Public Utilities Board invested heavily in the schama
to manage floods (PUBO1, 2022; PUB02, 2022). bid to prevent flooding in a builip area. However, even

There tends to be distrust between the publitthe canal was operating at maximum capacity during a
sector and potential private sector partners who oftéfod, it would still work towards draining flood water.
develop innovative technologies that abaiid flood risk This means that without the existence of the canal, the
management. This also means that there is a cultureflepding could have beemuch worse. Thus, this case
minimising stakeholder involvement which actually slowslearly demonstrates the link between prevention and
down the implementation of structural measures. mitigation despite their subtle difference.

“This has proven unsucc e $hesegand magrigedoack lppp that was dsiple
seen in the city of Milan, the pjects saw strong Was the link between mitigation and recovery. In general,
opposition from local municipalies and NGOsimproved mitigation facilitated faster recovery while
Ultimately the project was never implemented and tHeetter recovery aided mitigation from future flood
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damages. Looking into the end of the loopt tbennects aesthetic appeal of infrastructure development such that
mitigation to recovery, an increased investment itnere is less opposition to development (PAPO1, 2022;
mitigative measures reduced the damages caused F#P02, 2022). Overall, this loop could be exploited to
floods. By reducing damages, less financial and- nodrive climate adaption. It will be discussed in the emerging
financial resources would be required for the preparednesdutions section.
and response phases as there didnd fewer fatalities, Finally, the last feedback loop observed was how
injuries and less damage to local infrastructure such iagestment in prepadness measures simultaneously had
buildings and transport networks. This frees up precioeffects on preparedness, response & recovery. In general,
resources to build back better. Focusing on the other ehdppeared that a better prepared community was able to
of the loop, increased investment in recovery measumaske use of response mechanisms more efficiently. It also
transhtes to communities investing in longn resilience reduced pressures and demands on the publiorsec
boosting measures. To further explain, the recovemgsponse services. This means that the public sector can
measure transforms the affected community by not orhetter prioritise response and perhaps also divert resources
allowing it to return to its previous pifftood state, but to better recovery measures. Linking back to the cases, the
rather ‘bounce f dwita stade’of tse of 8MSnwarmng system® an Nepal ensured that there
higher resilience to flooding. This in turn means thatere fewer fataligs and injuries. This meant that more
communities are more likely to be able to minimise floorksidents were able to evacuate prior to flash flooding.
impacts in the future by mitigating damages. Investmemhis also meant that fewer individuals would have to be
in green infrastructure and natdvased solutions in rescued and that communities were able to safeguard more
particular reflets this pattern. resources for later use. In the context of tloet Bend

With reference to the case studies both the Centralse, communities were able to make better decisions
Chinese Government and the Shenzhen Municipalitifrough the public availability of high resolution through
invested heavily in rain gardens along with other natursocial media channels produced by the public sector. In
based solutions to mitigate the impacts of floodingieneral, the residents of neighbourhoods were able to
However, by doing this, Shehen and other Chinese citiesvacuate in advance if @ noticed the flood was
are not more equipped to handle pluvial and fluvial floodadvancing. They were also able to see if their loved ones
The green infrastructure is able to absorb the impactiof other areas were safe based on flooding footage of
floods by providing spaces for water to accumulate insteadrious neighbourhoods. The emergency response force
of on builtup land. They also improve the drageaof was also able to better coordinate efforts and thus reduced
water into the underground aquifers. Finally, they alstamage from the flood.
slow the flow of water without water logging to reduce
pressure on existing drainage systems. In doing $gnerging Solutions:
Chinese cities are more resilient to rising flood risks and
thus are able to better meer from flooding than before. ] _ _
The opposite mechanism is visible in the UK where socigfSPité the above outlined challenges, there is space for
housing in London is particularly vulnerable to pIuviaPOp.(_a in reforming the public sector and improving
flooding. To recover from previous flooding, sociafes'l'ence for all stakeh.olders.. _
housing estates in the Fulham & Hammersmith borough G.overnments' mcrgasmgly recognise aregs of
were alte to invest in greeinfrastructure such as bio .coopert?mon. Countries .|n the oNh  Sea .reglon
swales to improve drainage in densely buijit areas as increasingly collaborate W|th Bangladesh an_d_ Vlgtnam to
well as to slow down the flow of water. This ensures thg1ake use of wetlands to improve flood mitigation and
the social housing estates are now in a state of a n&{gvide other ecosystem services. This is due to the
normal where they are better able tmimise the impacts commonality in flood risk they face despite being in
of future flooding or heavy rainfall (which contributes tdjlfferent re@!'ons and hang dlﬁerent socieeconomic and _
pluvial flooding). This does not mean that one mu&emogr'aphlc contex'ts. The're is a trend vyhere the pupllc
abandon grey infrastructure. On the contrary, combinirfgClo" 1 transcending national boundaries and making
to make a blugreengrey grid would prove more Strategicwiawi n partnerships ( PAF
beneficial. Grey infastructure and its preventativecons'de”ng the world as a spaceship, a.nd eve.ryomtls S
capacities are still absolutely fundamental to invest i, the sa me. cre W o _t ’ _( P
However, naturdased solutions can add on to that b9|50 been a recent increase in cooperation W'_th
furthering ecosystem services as well as adding on qsvelopment banks such as the World bank and the Asian
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Infrastructure Development Bank to fund flood resiliencarranged and analysed using GIS systems which allow for
projects. Transnational cooperatiofthis kind has also better analysis and thus more nuanced insights.

aided in countries benefiting from lessons leamnt Policy makers are increasingly recognising the
elsewhere. Jakarta in Indonesia is known to undergo rapiility of local and bottorrup generated knowledge
subsidence due to high population density, rapieasing the burden on the public sector for data generation.
population growth, unsustainable use of groundwater abhdcal residents often have better information of local
a lack of proper wateand flood management, worseningontexts and everyday flood risks and can be found out
existing flood risks. Surprisingly, Tokyo in Japan faced through participatory mapping (PUBO1, 2022). NGOs
similar situation near | playing tbe rolg of @nsdtantsehringing about new dnd k y
demographic and geographic context is similar to that imhovative nomstructural measures. Thus, many
Jakarta. The Tokyo (and Japanese) government was ajgegernments are able to make use of NGOs to inform
to make strategic interventionist infrastructure to arreptr act i ces and demands at a
subsidence and greatly improve the resilience of Tokyodd the SMS service to everyday citizens was originally
floods. Thus, an opportunity to collaborate exists (PAPOhised by NGO Pradal Action based on ground reports
2022). (PUBO1, 2022; Practical Action, 2017).

Governments are starting to gradually The public sector is increasingly roping in large
decentralise flood governance caiiibs. This means to established private sector firms in various capacities to aid
distribute decision and planning power across the rivavith flood management. This includes engineering
basin and local levels, instead of concentrating it at the topented firms in coducting consultancies overseas
(central) level. This does not mean giving absolute powAP02, 2022). The government of Nepal was able to
to the local level but giving more freedom to make spatiquickly enter into an agreement with large private telecom
planning and take localised nstructural and on occasionplayers within the country to ensure the-getof the SMS
structural measures. Largeale structural measures mayystem and its accessibility to the general publictima
come under rivebasin or national purview even afterof need. On a different note, the workings Dutch Disaster
decentralisation. Decentralisation allows local levdRisk Reduction team involves a network of private
governments to expand the pemf stakeholder dialoguesconsultancy firms which specialise in public sector
to better include spatial planners, NGOs and insurancgdrological engineering solutions  such as
companies. There also needs to be the translation of thRegalHaskoningDHV and HKV. This allows the publi
risk dialogues into longerm legislation (PUBO1, 2022; sector to tap into private expertise to better cater to the
PAPO1, 2022). Progress can already be seen. Mélebd-management needs of global South countries such
recently, Nepal has introduced a new disasteas Myanmar, Mozambique and Ghana as part of its
management Act to mandate the decentralisation @dnsultation process (PAPO01, 2022).
disaster management and allow regional and local Servicelevel agreements between the public and
governments to play a bipigtesectorcan be usedTolensse applichtiornvobprivaie |
geographically diverse regions, especially the relativegector innovations to ease the burden on the public sector
low lying Terai region to invest in locally appropriatevhile also encouraging other stakeholders to participate
measures (Department of Hydrology and MeteorologfPUBO03). Presently, the government of the United
2018). Kingdom is in conversation with privatector insurance

Governments are increasingly making use gfroviders to better serve communities which face a higher
satellite data and GIS systems to create more up to dii@n average floodsk across the country (PUBOL, 2022).
data sets of their jurisdictions. Newer methods to Maps as a form of communication have gained
analyse and determine flood risks allow authorities fwopularity. Most citizens have an intuitive understanding
gather high resolution data at a faster pace and lower co$t.maps. As maps capasily summarise and present
“The use of GI'S has r eal lcompléxeaaain eevislally damprdhenisible niahner, they &
of spatial planning” ( PUG&®@®ihcreasiadlyzadopted 1olaid 4hlcommuniCdiien. Tphey a
of using such datig notable in China with the push for thealso allow governments to better understand data
Sponge City Plan. Prior to local interventions under ttgenerated by academics (PUBO1, 2022; PUB02, 2022).
scheme, the government coordinated with academics drite use of dronsurveillance by the Fort Bend Emergency
planners to identify flood points and areas with potentiManagement Authorities allowed for such data to quickly
drainage and then demarcate spaces for grdsm depicted in a netechnical manner for ease of

infrastructure. Such comprehensive data can be easitymmunication in an accessible (video) format.Similarly,
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some Dutch municipalities have been making use gisméaStates, China, Europe and Australia show a gradual shift
to better understand the impacts and distribution of floooh focus to mitigative measures and holistic water
risks and identification of priority areas through the use aianagement to handle compound flood risks. This is
the Klimaat Adaptiemapping tool (PUB02, 2022).Thesepatrticularly notable with thanost recent major floed
maps and other similar forms of data representation actrakated policies passed by legislation such as the Spong
boundary objects whh can better be identified andCity Initiative in China and the Room for the River scheme
associated with flood risks at a local level. This association The Netherlands. These schemes are able to
allows for the formation of new knowledge and resouraecknowledge the rising flood risk due to climate change in
networks that could better address fletsks. Initiatives these coutties and encourage adaptation to this situation
such as Water as leverage in Chennai, Indid #re rather than trying to only reduce flood risks, which may
Climate Campus in Zwolle, The Netherlands were able twt be financially sustainable. Emerging countries such as
encourage diverse stakeholder participation and the dedilgose in South Asia, Southeast Asia and West Africa can
of more locally appropriate solutions. These were also alsleoid entering an infrastructuraldk-in by making use of
to better attract investments (PAPO1, 2022). these multlayer safety and water sensitive urban design
The public sector is now incregiagly diverting approaches as being done in Europe and China (PAPO1,
funding and strategies to adapt to changing floskls. 2022). The Water as Leverage initiative which is
This allows for municipalities to develop in a moréncreasingly seeing public sector involvement is able to
resilient manner. As a whole, there is huge potential fdesign such meares and contribute towards their
mitigating floods through spatial planning measures. Thisiplementation by being inclusive of multiple
is often refleted in the water sensitive urban design beirgjakeholders. This has therefore, reduced the pressure on
adopted in cities worldwide. Cities gradually transforrthe public sector in the loagin.
from one that prioritises drainage only to a watgeling “Neverthel
city that is able to leverage water management (and floodd i r ect or ’

es s, t he publ
S s gealdoweve, 1t dhusidbe i v

defence) as an integral part of iseryday function done in cooperation with ¢
(PUBO1, 2022; PUBO02; PAPO1). Trends in the United022; 52:33).
Technology/ | Diversion Canal | Rain Gardens SMS Flood Small Bioswales
Aspect & Detention Alerts Unmanned
Tank Aerial Vehicle
Level of National National & National & Municipal Transnational &
Governance | (Equivalent to Municipal Regional Submunicipal
Municipal)
Key Complex Megacitywide | Early-warnings Increases Improving
Successes engineering naturebased available in a availability of existing
measure was | solution able to| physically and | high resolution | vulnerable socia
able to reduce | mitigate damage,  financially flood data to housing estateg
risks while and facilitate | accessible formg adjust scarce | to a higher state)
saving space | multiple value | to dispesed rural response of resilience with
generation populations capabilities on a  potential for
reaktime basis | multiple value
creation
Current Engineering Naturebased SMSis only Requires data | Cost to benefit o
Challenges measures may | solutions require| available in one| handling and such solutions
not mitigate more land area (widely operational are difficult to
flood damage and further understood) specialists to calculate and
without research and vernacular assst local funding for thesg
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additional non
structural and

funding for large
scale

language and ng
all rural

emergency
services which

projects may not
be easily

structural implementation | populations have requires external available at all
measures to form ablue- | access to mobild support that may times. Needs to
greengrey phones or a not always be becombined
infrastructure | resilient telecom| available in large with other
network network numbers structural
measures.
Emerging Long-term Continued Continued Use of machine| Roping in of
Solutions policy to investment in expansion of learning social sector to
increase research and | telecom network| softwares to improve
detention tanks| developmento | and SMS alerting partially maintenance
in a distributed create better | services as wellf automate data | mechanisms an(
network across designed as improving processing and gradual
the city allows | solutions to locall provisions to use of service | decentralisation
for a contexts and us empower level agreemest| to basin and
decentralised | of public-private | local/regional to ensure local level
long-run and partnerships for| governmental availability of authorities to
sustainable funding and patrticipation specialists on coordinate
measure implementation short notice implementation

[Figure 30: Summary Table for Public SectBase Studigs
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Prevention ~ Miti

Best-practice description

* Madambakkam lake in southern Chennai underwent
a complete ecological and hydrological restoration

» Public Works Department, Rotary Club and local
residents were involved in assisting with the

restoration works

* Special reinforcement works were done to ensure

the sustained preservation of the waterbody

Communication

* Environmentalist Foundation of
India was able to communicate
clear engineered plans with the
PWD

* EFI was able to make use of
wall paintings to communicate
social messages to better inform
resident populations

Cooperation

* Funding was provided by the
Sun Network through another
NGO Rotary Club of Madras

* Local residents were able to
hold the public sector
accountable for its contributions
through the EFI

Challenges, Solutions & Scaling

Coordination

* PWD was able to conduct
geo-technical works during the
pandemic restrictions as it it involved
fewer people and more machinery

* EF1 was able to gather and
coordinate volunteers immediately
after the lift of the pandemic
restrictions to assist with ecological
restoration e_t}fons —

» Lakes are part of a greater system of tanks and lakes that store pluvial flood e <
waters. System-wide restoration is needed for long-term effectiveness N
* Funding needs to be sustainable. IT sector firms co%contribute to this as

part of their Corporate Social Responsibility T
» There is a unique feedback loop connecting flood prevention and flood

recovery, as enhanced prevention allowed for faster recovery which

improved societal investment in preventative measures



; system used in thregion to capture pluvial flood water
SOCIety- Report Of BeSt and store it for the dryer seasons. However, recent
PraCticeS developments have blocked this natural flow of water
between water bodies exacerbating the shrinkage and
impairing its functions. A lack of dredging and
maintenanceof this manmmade waterbody has also
impacted its water storage capacities, worsening floods in
the region and warranting urgent restoration measures

1. Prevention

1.1 Naturebased Socidechnological solution (EFI, 2020a).

1.1.1.Background The Madambakkam lake is located 11.2 km from
the coast along the bay of Bengal and is sunded by

Chennai is one of | ndi asmaler s gaking it genatyrg) pejnt jfoy yvater 5

located on the Southeastemn coast along the Bay of Berfgfumulation in - Southern  Chennai. Thus it was

in the state of Tamil Nadu. Like many regions of the India¥{rategically excavated and expanded in the 8th century
subcontinent, Chennai receives a large proportion of f8d served the local population for a period of 1,200 years
rains in the form of interesmonsoon showers. Chennafind thus played a central role irptaring flood waters.

gets the largest proportion of these rains between Octob8f lake covers around 232 acres of land, making it a
and December during the Northeast monsoon. Howevéry b st anti al ly Il arge | ake ¢t}
the city got unusually high rainfall in 2015 which led t&d water needs even to the modem day (EFI, 2021b).
severe and widespread flooding. The 5 day average

rainfall was 399 mm compared to the usual 40.6 m#l.2 Justifications

indicating 883% excess (National Disaster Management
Authority [NDMA], 2016). Chennai is among the major cities in theiaPacific that

Chennai has faced flooding in its predominantly fidpcated in a water stressed region with relatively erratic
terrains. Chennai has also been histdisiczovered by a monsoon rains which increase the risk of flash floods. A
large number of natural and manmade lakes which ha@ution that can both alleviate flooding as well as
been used to capture stormwater from heavy monso@f$umulae water would be an ideal combination to
and prevent flooding. Madambakkam lake is one suthMP I 0 v e  Ch-eimrasdiénce $NDMA, B0G6).
example. Madambakkam lake was created in the gth ~ Chennai has expanded rapidly, hindering its
century by King Kulonthaga Chol4 for the purpose of natural hydrology from its ability to drain water. Ever
agriculture irrigation, flood prevention and domestic watéince the growth of the city from a British trading post, a
supply in this region of southem Chennai@rger and larger area has been covered by concrete
(Environmentalist Foundation of India [EFI], 2020a)Puildings and paved roads and many of the local water
High levels of pollution and encroachment for lan@odies, wetlands and rice fields have disappeared. This
developments have shrunk thater body and worsenedsignificantly worsened the effects of the floods that
flood-risks in the region. Much of this pollution comedmpacted the city 2015 which was the warse century
from the surrounding urban population and contains Iar&é’e to substantially higher than normal precipitation levels
amounts of plastics which tend to clog the natural drainag¥P€rienced in that monsoon.The region's people had
channels that lead to and from the lake. Development&féady developed a cascading system of water bodies to
the Information Technology sector on the Southem side 8fore river and flood water and conserve it during the dry
Chennai tremendously increased the demand for offie@@sons knowrsaheeri system. This was developed over
spaces and residential areas as the population grew rapf@pturies and ensured a historically higher level of
as more land area was dedicated to the IT Corridor disgilience to flooding. Chennai is currently highly
industrial estates (EFI, 2020a, aMbohar & Muthiah, vulnerable to changing climate patterns as its hydrology
2016). has been tampered with to the extent that it is keneb
Madambakkam lake was previously connected tgsiliently handle normal northeast monsoonal rainfall
other lakes in Southern Chennai and acted as a catchnf@@@ing to annual waterlogging and disruptions to daily
for excess water from other lakes and thus reduckfg- Thus, waterbody restoration is of urgent importance
flooding in the region. This was part of the traditoeal f ©r the city’'s survival ( M:

107



ug;_ngnﬁ]g;ﬂm ﬁg euwenes

-

1
YAENTHAL -ug;;:/
‘. 1™ OORANI

KULAM STy
— @ilenL
g
KUTTAI

¢ ~ [F|gure 2:Traditional cascading hierarchy of water
[Figure 1: Map depicting water bodies and lake (eripodies in the Tamil speaking region of India including
systems in the Chennai metropolitan region (Manohar &€hennai (Manohar & Muthiah, 2016) Madambakkam
Muthiah, 2016) Lake is a Yeti

The restoration of the Madambakkam lake could improve
flood-resilience and water security for around 500,000
residents in this mixed ruralrban area, provide irrigation
for 2000 acres of cultivated land and overall drinking
water for the surrounding 10 villages (EFI, 2020a). High
levels of organic waste and centuries of silt deposits put
the lake at risk of algal blooms and the resultant

eutrophication. This coul d
biodiversity. It could also worsethe clogging of the
|l ake’s natur al water fl ow.

restore its flooepreventative capacity (EFI, 2021b).

[Figure 3: Satellite Image of Madambakkam lake in 2002
(EFI, 2020a)
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Double Embankments were constructed on the side of the
lake to arrest erosion and to prevent future clogging of
water flow through illicit waste disposal (EFI, 2020b).
Excess silt dug up from the lake was repurposed to create
the double embankment of 18 fe@&his improved the
flood resilience of the lake and reduced the chance of solid
waste disposal (EFI, 2021b). A taller and wider
embankment can significantly reduce the chance of the
lake overflowing or bursting the bund. Hence, a double
embankment provideswo such layers of protection

(EFI, 2020a) 2022; EFI, 2021b). The embankment was 2.5 kilometres

along most of the edge of the lake (EFI, 2021b).

1.1.3. Bespractice Description
In an effort to improve flood and overall water resilienc
in southern Chennai, the EFI undertook the restoration
the Madambakkam Lake. The efforts involved multipl
stakeholders at various stagesi avas deemed as one o
the organisation’s most
Firstly, solid waste and weed growth wer
removed over the course of a week. This wou
significantly improve the flow of water into and out of th
lake as these wastes, especiallgspt bags, tended to
collect in the I|ake’s i dhgEre& Pergglagon \yell in Madanbakkam {ake Bed
water flow. This was heavily driven by local volunteer§EFI, 2021b})
who usually spent time on the weekends to assist with

picking the waste by hand (EFI, 2020b). Recharge Wells were dug into the lake bed to create areas
After the initial clearup, more heavy Ofhigherdepth to catalyse the percolation of water into the
geotechnical works such as desilting and dredging wadg oundwater table. Given C

conducted by the Public Works Department [PWD], Tamiercolation would be beneficial in recharging drying
nadu’s primary water s up3lifgs dFethesmoiemihelesiingand sgiggic
resources and expertise for larger engineering works. THREPening of the lake increased its holding capacity,
facilitated the rapid edogical and hydrological allowing it to be able to deal with unusually heavy rainfall
restoration of the | akd™ & conjex jvperej rgopseon pagemns,have jbgcpme
geotechnical works were constructed including doublBcreasingly erratic (EFI, 2020b).

embankments, recharge wells and islands (EFI, 2020b). ~ Neem Pockets or small islands ptgied by
native neem trees were planted to provide nesting habitats

for local and migratory birds. This would aid in the
ecological recuperation of the lake as wetland areas grow
to add on to the water retention as well as other
hydrological capabilitie$EFI, 2020b). Concentric Circle
Islands were constructed near the foreshore to prevent
further erosion of the embankment while redirecting water
flow across the lake. This ensures that the embankment
has a lower risk of collapse which would have serious
consequences if the lake breaks its banks in the monsoon
(EFI, 2021b).

The above outlined practices have also been
[Figure 5: Double Embankment along Madambakkargroposed in other cities in the region such as Coimbatore
Lake (EFI, 2021H) (western Tamil Nadu) and have been supported by
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academic and engineering expertsgémeral, the bunds
(embankments) and recharge wells play a key role
ensuring flood defences are not eroded over time and >
continue to prevent pluvial and fluvial flooding (Natarajai
et al., 2020).

. RE
1.2. Evaluation e Mme 41
1.2.1. Communication <

The entire project was initially undertaken by EFILFigure 7: Wall Painting to raise awareness of
However, the EFlI was able to reach out to ar@adambakkam Lake restoration (EFI, 2031b)
communicate with various stakeholders which were

directly and indirectly affected by the decline of.2.2. Cooperation

Madambakkam Lake. This included othavil society

organisations, local residents, the PWD as well as a privafee EFl was also &b to distribute work and involve

firm. stakeholders accounting for their respective powers and
The Sun Television Network's foundatiorcapabilities. _ _
provided funding through the Rotary Club of Madras, After the devastating floods of 2015, higher levels

another prominent civil society organisation in Chennd®f gen.eral awareness ensured local populqtions and
Given the Sarge sizeandwpmfitsit sadf €Si dent s’ support Regidents a k

sufficient financial capital to fund the major ghnical are typically poorer to middle class and did not have
works (EFI, 2020a). substantial financial resources. However, they were able

The PWD carried out the majority of theto provide manual labour in clearing solid waste and

restoration works planned by the EFI after consultatioMe€ds from the lake. They were also able to paint
with ecology and engineering experts who volente Messages to remind other resideof the importance of
within the organisation. Thus, the EFI is able to set upte lake and to avoid illicitly disposing of solid waste.
consistent stream of communication and informatiohhus, they also have the power to change local behaviours
within the organisation as well as with public secto@nd habits (EFI, 2020a).

stakeholders culminating in a clear action plan and its ~ The PWD was able to remove three to four feet of
rapid execution (EFI, 2020a). silt to prevent eutrophication (algal blms) and to

Multiple stakeholder coordination allowed for 4ncrease depth and natural percolation to the ground water

rapid restoration of the lake from July 2020 to Octobd@ble. Protective fencing was installed to prevent illegal
2020, prior to the peak of the Northeast monsoon. WA/RSte disposal by local inhabitants. This was erected by
paintings and social messages were used as a tool to gdtivdysociety organisations in coordination with the PWD.
local support and to raise awarenesthefimportance of Engaging thée®WD ensured that the lake could be restored
water body restoration. These paintings and messa¥diout a high cost. As the PWD holds machinery as part
were usually made by local residents, especially you®h assets, it was able to make use of its latent capacity for
actors who were able to better network and raise suppd¥ Project. In doing so, the PWD is able to improve the
from local residents. Thus, EFI was able to successfufijnction of a water body under ifurview while still
leverage its pdson as a connector organisation td?€ing supported by private funds from the Sun TV

communicate and engage with diverse stakeholders inRfwork who is not a direct stakeholder and experts and
efficient manner (EFI, 2021b). volunteers from the EFI. The restoration could also reduce

costs of future interventions in the region for the PWD
(EFI, 2021b).

Civil society plays a vital role in holding
government ' s agisketandarda. inlthes t
case, the EFl is able to follow up with the PWD to ensure
the follow-through of restoration plans. Pressure from the
Rotary Club of Madras also ensured thitae PWD
contractors were held accountable for the completion of
gectechnical works. Thus, civil society was able to
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exercise the right to accountability in a relativeflNGOs play a central role in involving the most vulnerable
democratic system and engage in a bottgnmitiatonof popul ati ons in flood resi
flood-risk prevention (Boumn-Dentener & Devos, 2015; engagement of highly vulnerable residents who areslat ri
EFI, 2021b). of fl oods and whose i vel
proper function ensured the lomgn sustainability of the
1.2.3 Coordination initiative as well as the general resilience of the local
population (Boumaentener & Devos, 2015; EFI,

Coordination with multiple civil society, governmental2021b)
and private stakeholders ensured that the ecological
restoration works continued well into the pandemic i
June 2020, in a period where thevere many restrictions.
This ensured the lake had enough capacity to store ¢
percolate water for the norfast monsoon season in 202
and 2021 (EFI, 2021a).

Even though local volunteering was not permitte
under COVID emergency regulations, dredgingd a
embankment and other geotechnical works by the P
were able to continue. Thus, the mechanisms throu
which different stakeholders contribute to this initiativs
can be seen. As geotechnical works predominantly req
machinery and a small pool of op#ars, coordination and
implementation of these works became more feasible[iigure 9: Aerial View d Madambakkam Lake
the context of the pandemic. (EFI, 2021a). Restoration (EFI, 2021k)

After December 2020 regulation relaxations, local
residents were able to volunteer once again to keep thg Barriers, Expectations and Solutions
lake clean and ensure draieagoints were not choked

with plastic pollution. They also aided with planting treepespite the success of the lake restoration scheme, there
and other native vegetation to further stabilise the banks&ﬂpears to be a continued risk of pressure on encroachment
the lake as well as to improve the aesthetics. Thesetypef t he | ake and its rapoly | ut
of intervention involved a larger pool of voluntseand increasing population. This means that in the oy

local ecological experts and thus was only possible afigswer residents will have to be roped into the efforts to
pandemic restrictions were temporarily relaxed (EFtontinue the preservation and maintenance of the lake.
2021a). Largerscale educational and awareness activities may be
required on top of eximg interventions (EFI, 2021b).

The EFI has managed to improve multiple local
lakes in Chennai as well as in other parts of India. Lake
restorations in Tamil Nadu cannot have a lesgale
impact without further support from the public sector to
scale thsé to a regional level. This is because these water
bodies work together in thegi network and thus cannot be
viewed in isolation but as part of a regional flood
management system that can spill over district boundaries.
There needs to be a governancecstie that encourages
civil society initiatives, participation and resource
utilisation to sustain a larger scale initiative of this nature
| (EFI, 2021b; Boumabentener & Devos, 2015).
Wi Ll fa s Downstream lakes such as the Sithalapakkam Lake where

[Figure 8: Trée Plantation and Cleanp by Local excesswater frothe Madambakkam lake flows into, was
residents around Madambakkam Lake (EFI, 20p1a) recently completed. However, a netwavide restoration
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is required to make full use of thegi system to prevent
flooding (EFI, 2022).

There needs to be a more sustainable way to
finance civil society initiatives dugo the meagre
resources available to the local community. Working with
the private sector may help in improving financial
resource availability, however it is a tricky process to
convince large private sector firms. It may be possible to
rope in the firmgn the southern industrial estates as many
of them already sit on what were previously either
wetlands or lakes, and thus could contribute to the
preservation and restoration of the remainder ofetlie
system (Boumaentener & Devos, 2015).

There has ben a push for flood prevention and
mitigation efforts from the Greater Chennai Corporation
to improve and restore water bodies across the city. This
scheme involves joint civil society and private sector
engagement to ensure leteym sustainability and a
whole-of-society integration to achieve flood resilience
(Natarajan, 2021).

This particular case sees the involvement of all
three key stakeholders, making it a unique Hpesttice
given the heterogeneity both within and between the
public, private and smal sectors. This wholef-society
integration plays a key role in allowing stakeholders to
synchronise efforts and to keep each other in balance to
achieve a successful outcome. In an era of increased
flooding, such initiatives have allowed the area tildo
back better (or rather restore what has gone into severe
decline and disuse). Thus a feedback loop linking
prevention and recovery is observable. This shall be
discussed in the conclusions section.
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Community building st
from Climate Campus Z

Prevention

Best-practice description

* The main aim of the pilot in Zwolle was to raise
awareness among average citizens in the region to
increase preparedness in the case of floods.

* To that end. serious games using new technology
were developed. The first consisted of a mobile escape
room, the so-called Adapt of BTrapped. The second,
Garden Battle, 1s a kind of SIM City game playing out

in Zwolle's digital twin city.

Communication

« Communication of citizen insights
through involving them in serious
yet fun games is a quite unique way
of active citizen involvement.

* The assembled data is valuable
because it enables the municipality
to make better policy for the
inhabitants

Cooperation

The games "improved cooperation of

residents with the municipality in
that it raised awareness. also the
escape room involves conversations
with players after the game. This
provides an excellent opportunity to
zoom in on the specific
neighbourhood the players live in
and the vulnerability of their
neighbourhood to floods™

Challenges, Solutions & Scaling

* “We try to [...] share knowledge and stimulate collaboration to develop joint — <7

solutions. For instance, our findings and learnings from the serious game pilots have N
been presented to the partners in the Climate Campus network and led to events
where the escape room is being used
» Finally, in regard to obstacles to potential collaboration, the stakeholders from

Climate Campus conclude, "In times of crisis. organisations tend to retract to their

_—
-

(Climate Campus, 2020)

Coordination

Playing the game enhances risk
perception & awareness of possible
measures and that risk perception
correlates positively with the
willingness to take protective
measures, such as the disposal of
paved gardens in favour of greenery,
placing a rainbird, making a green
roof

Ve
N s

core business. But to overcome the climate change challenge, collaboration and

mutual trust is key"



s ; practical suggestions to foster further uptake in the North
2' Mltlgatlonlpreparedness Sea Region (North Sea Region, n.d.).

One particular pilot was very successful in empigyi
2.1 Societechnological solution technology and virtual reality in the form of serious
2.1.1. Background & Justification gaming to include civil society. This pilot was carried out

Climate change is suggested to exacerbate the effectdVtp the Climate Campus. Climate Campus is "a network
pluvial but also coastal flooding, predominantly in th€f governments, education and research institutions,
urban area. This, in tum, causes great uncertainty defrepreneurs and social initiegs collaborating to build
worries for the concemed governments and citizefs climateresilient IJsseVechtdelta”, Netherlands
(Wang et al., 2021; Yin et al., 2020). In the foreseeanfelimate Campus, 2022).

future, many delta cities will be more affected and

therefore have to be prepared to mitigate the effects %f.2. Bespractice description

flooding for their citizens (PAPO1; PAPO2; Tessler, 2015}'_he main aim of the pilotin Zwolle was to raise awareness
From those cities, especially athand mediunsized a@mong average citizens in the region to increase
cities and municipalities, often lack the resources ®yeparednss in the case of floods. Improved decision
implement and maintain largeale grey infrastructure making and critical thinking related to the right actions
and the like. Hence, they rely even more on active aAY"ng a flooding event have the potential to greatly
prepared citizens to mitigate the impacts for these whBHtigate the detrimental consequences of false actions in
flooding hapens (Cortekar et al., 2016.; Yin et al., 2020ﬁUCh critical situations. Furthermore, amomity building
Many of these delta cities are located in the north s@Rgd coordination were to be improved. To that end, serious
region. The North Sea Region encompasses coastal af#{®€s using new technology were developed. The first
including Denmark, Flemish regions of Belgium, eastePnsisted of a mobile escape room, thealted Adapt of
parts of the UK, the noritvest of Germanythe south BTrapped The secondGarden Battle is a kind of SIM
west of Sweden, northern and western parts of tdly game playig outin Zwolle's digital twin city. In the

Netherlands and the entire territory of Norway (ClimatéJame, residents are challenged to create gardens and
ADAPT, n.d.). neighbourhoods that allow for more green water space

To address this large region's need for increaséfterreg, n.d.).
climate resilience, INTERREG funded several projects'® development of both projects was realised in
from 2014 to 2020. @& of them, CATCH, stood out in thecollaboration with civil society orgasations. Key actor in
way it addressed cities particularly vulnerable anid@® CATCH pilot from Climate Campus points to the
included civil society. CATCH stands for 'water sensitivgollaboration with civil society organisations such as
Cities: the Answer To CHallenges of extreme weath¥fater board Waterschap Drents Overijsselse Delta and
events (ClimateADAPT, n.d.; North Sea Region, n.d.) Students from various educations (SOC, 2022).
The aitical area of focus is small to large cities. As statefin® coordinator in the CATCHilpt from Climate
before, CATCH initiators confirm that midsize cities hav&aMPpus explains that for the escape room, "We involved
special needs when facing the challenges of climatiidents from the Game Studio 038Games from
change adaptation in terms of extreme weather events thApdesheim — University UAS, and from CIBAP
increase the likelihood of flmling, especially for Delta Vocational College for Design, to develop the game Adapt
cities. "In the North Sea Region, 80% of the populatid?f BTrapped and build the climate escapem, [...] With
live in urban areas, of which a majority lives in midsiz&e help of The Great Escape, an escape room company in
cities. Due to its scale, limited resources and expertise &tfolle. Also, they [students] received input from Nanco
tight connection with the surrounding region, migsizPolman, leading expert from Royal HaskoningDHV and
cities face a number of specific challenges to deal withvolved in the CATCH project, in the development of the
climate change adaptation compared to large citié@€cision Supportdol” (SOC 02, 2022).
(North Sea Region, n.d.). Concerning the second gar@arden Battle the serious
To show how those cities, with the right resources and @fline game was developed with Grendel Games, a serious
cooperation with Interreg partners, can become clima@@me developer. Member of Climate Zwolle explains the
resilient, seven pilots were initiated. These seven pilots &line game is “challeng[ing] citizens to take the most

complemented with guides, usable generic tools afffective measres to make their homes and streets
climateresilient. An important basis for the game is the

digital twin city of Zwolle, a virtual tool that comprises a
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lot of valuable data about the municipality of Zwolle'[...] asked applicants to participate in a survey which was
(SOCO02, 2022). The interviewee furthermorplains the carried out by a social science RhE3earcher from
process of the game development and testing: "The ga@®ningen University Rijksumersiteit Groningen who
was first launched March 2021 for a small group afonducts research into the behaviour of people in relation
citizens whom we considered to be the pioneers to test theclimate change. This concerned the extent to which
game prototype. After that, the game was launched in tweople perceive climate change and extreme weather
neighbourhoods in Zwal with the option to take events as a risk and the correlation with their willingness
collective measures with the neighbourhood to maketd take measures to protect their house, garden and
more climateresilient. neighbourhood. The survey was spread in the last flight of
In the game, we provided suppliers of climate adaptitke social media campaign in June, and 45 citizens took
products such as rain buds, etc., to showcase their prodtises survey. [...] The survey was, of course too small to
in the game so that players couldtwally 'buy' these draw valid conclusions, but it does se#@mindicate that
products while playing the game. These suppliers weiigk perception and the willingness to take measures seem
HORNBACH, Tuinland Zwolle, Rawinso, Rainwinner,to positively correlate "(SOCO02, 2022). The interviewees
Stadshovenier Zwolle and Stip Hoveniers. In this way, warthermore specify that the research "indicates that
could involve commercial stakeholders who also providgdaying the game enhances risk perception as well as
prizes for the plays to win if they won the game. At theawareness of peible measures and that risk perception
end of May, we organised a press meeting with all tleerrelates positively with the willingness to take protective
winners of the game and the alderman, to raise awarenegsasures, such as the disposal of paved gardens in favour
in the entire city, and to award the winners" (SOC0®f greenery, placing a rainbird, making a green roof,
2022). taking care of bees and butterflies, e{&OC02, 2022).
After the completion of the game, the quantitative resulBnally, communication, cooperation and coordination
of downloads and usage of the game were quite promisibgtween citizens and government officials has likely
The Climate Campus respective involved stakeholddérsproved. The interviewees conclude that the games
stated the following in terms of numbers: "The results dimproved cooperation of residents with the municipality
the game are that a total ofey 31.350 unique personsin that it raised awarengsalso the escape room involves
were reached with the social media campaign betweeonversations with players after the game. This provides
March and end of May 2021, with a median CTR of 1,26%n excellent opportunity to zoom in on the specific
and a unique CTR of 8,41%. A total of 261 citizens of theeighbourhood the players live in and the vulnerability of
two neighbourhoods downloaded the game betwetreir neighbourhood to floods and heat stress, etc.”
March and 1st of hwe 2021.172 of these citizens claimedSOCO02, 2022).
their online garden and played the game" (SOC02,2022).

2.3. Challenges, Expectations and Solutions
2.2. Evaluation Concerning knowledge sharing of this unique project
2.2.1. Communication which included local knowledge, Climate Campus
The data collected through the games can be usedctmrdinators explained that multiple actors were involved,
improve policies. Communication of citizen insightand communication to external stakelwokl was
through involving then in serious yet fungamesisaquitet nder t ak en. " We try to [ .
unigue way of active citizen involvement. Thestimulate collaboration to develop joint solutions. For
Coordinators from Climate Campus expand that "Thastance, our findings and learnings from the serious game
assembled data is valuable because it enables filets have been presented to the partners in the Climate
municipality to make better policy for the inhabitants. Th€ampus network and led toeas where the escape room
Garden Bat# was built in 2022021 and made use of ais being used (SOC02, 2022).

lot of data from the twin city of Zwolle, especially Concerning smart collaboration with the
concerning hotspots vulnerable to flooding and hedevelopers of the technologies, Climate Campus
stress" (SOC02, 2022). Coordinators explain: "The technology of digital twins
which enables partners to incorporate lots of valualike da
2.2.2. Cooperation & Coordination is important for a wide group of stakeholders involved in

Team members of Climate are confident that codjmera climate adaptation. Partners as Esri in the Climate Campus
before and during floods with civil society has beenetwork are important developers for such twin cities. But
improved through playing the serious games: "In June, wey rely on municipalities, other civil organisations and
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citizens for theivaluable input. So smart collaboration is
key to make full use of the valuable data to develop
effective policies and measures "(SOC02, 2022).

Finally, in regard to obstacles to potential
collaboration, the stakeholders from Climate Campus
conclude, "Intimes of crisis, organisations tend to retract
to their core business. But to overcome the climate change
challenge, collaboration and mutual trust is key" (SOCO02,
2022) .
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Prevention

Best-practice description

» Togolese Red Cross set up a FUNES system to
analyse overflow of water from Nangbeto dam
* Data inputs are used to provide a 48 hour prediction

of overflow

» If thresholds are crossed, a early warning message is

released and earmarked funds

preparedness measures

Communication

* The Togolese Red Cross is able to
communicate with other civil
society organisations and the public
sector of the local situation in
downstream villages

» Partial automation of data
collection through SMS ensures
ease of access to high resolution
data for predictive model

~ Mitigation

are used for

Cooperation

+ Use of service level agreement with
German Foreign Ministry to set up
seed funds and ensure appropriate
utilisation

» SOPs developed for each village to
prepare locals to take preparedness
measures in time

Challenges, Solutions & Scaling

* Requires further public sector cooperation and funding to be able

scale-up to a national or basin level

« Capacities of at-risk communities need to be impraved to ensure they are
able to take preparedness measures in a timely manner ™ S~

* There is a feedback loop which shows that preventative preparedness

initiatives parallely improve response and recovery from flooding

Coordination

* FUNES model is able to integrate
diverse sources of data from public
and social sectors to develop accurate
predictions

* Pre-made agreements with local
radios and use of loud speakers to
issue early warning to people without
access to SMS or those who are less
literate



This therefore increases the sgigtibility of overflows in

the Nangbeto dam due to sudden increases in inflows that

could push water levels in the reservoir above its storage
3. PreparEd Ness capacity (Dove et al., 2021).

Most earlywarning systems often are unable to
predict floodrisks at a high enah resolution at a
localised scale and often fail to disseminate information
for preparedness of vulnerable communities as-a8tom

Togo is a small country located in Western Africa and h%f)proach is used (Perera et al., 2020). Since 2009, the
a tropical rainforest climate. The Mono river, which form§ogolese Red Cross has set up:l’ﬂbured water gauge,s
the border between Togo ar?d Benin was. dammed in 19((38[riggerearly—warnings through megaphones (speakers)
for the p”rPOS_e of generating hyeblecj[rlc energy for and emergency mobile phones in 112 villages with a total
both countries in the Nangbeto site (African DeveIOpmeBEpulation of 100,000 people (German Red Cross, 2022).

gank, 1994).1‘ Everhsmdce tl:]en, (,;comrgufrlntlzs _WEO f“v‘f’his followsup from the deficiency of an easlyarning
ownstream from the dam have faced flood risks roqustem. That is, while earlyarning systms can

overflow of the dam during times of high IDreC“O't"’lt'oncommunicate the impending disaster, it does not provide

The Mono River Bain was flooded in 2010 dISIOI""C'nginformation to define actions for the following stage in the

6000 people and causing extensive damage to CIRMm cycle: preparedness. This means that esgsning
leading to massive disruption of livelihoods. Cllmatg stems are useful but have a major drawback in terms of
change continues to exacerbate these fiood risks Whlﬁ: ter contributingo preparedness among the vulnerable

disproportionately affect the health and wellbeing of tho%%ctions of society (German Red Cross, 2017; Perera et al.
in the global South. Downstream communities arsyo0 1 ’ ’

particularly vulnerable as there is no other infrastructure The Functional Estimation (FUNES) Forecast

]Elh at d{icts_?hs a}rpre\llentalgvg mechanism to ;:omba; ﬂuvﬂ)aelsed Financing (FbF) system ensures that the Togolese
_ 00 |.ng. € fogolese ke Cro§s requeste. Uss SO,QQQd Cross and the Togolese National Platform forddésa

in relief funds from the Internation®ederation of Red Risk Reduction are able to intervene in vulnerable
Cross and Red Crescent which was to be spent "’?ﬂer J:%?nmunities in advance of an impending flood (Climate
occurence of the flood. If a forecast was avallabl%emre 2019)

necessary funds could have been released upto 36 days '

prior to the beginning of major flood events in the basi%. 1.3. Besbractice Description

This means thahe ability to predict would have enhanced

the preparedness of vulnerable downstream communitfgtﬁ: systems can be used to release funding for pre
thereby reducing the pressure and funding for resources(‘.hgctermined humanitarian activities based oood

d”V_e rood.responses which is useful in resource SCalftecasts to bolster and catalyse preparedness mechanisms
regions (Climate Centre, 2019). further downstream. However, this system cannot work in
isolation but comes paired with other related solutions as
inputs (such as flood forecasting) and outputs (for example

designing prepareess procedures) (German Red Cross,

The Mono basin, which is located in southeastern TOgOQﬁl?). A FUNES model forecasts and models the value of
pamcullarly vulnerablle to fiooding due tlo close pro:ml_t)é dependent variable by considering forecasts for various
gf farmkand and p_(l?Oth constructled settlements to t el rIVi%ependent variables and Iookin? for historical patterns.

an ) S - _' S P _a ce S_ a _ argep, th?s%a%é, t'heOFrﬂJNE§systen]i al?ﬁangt{ets dan ©
population under igh flood risks  while ~having 5 e 1o measure the rate of inflow and local precipitation
insufficient resources to be able ensure their reS|I|en%aa,[a to estimate the volume and time that an overflow or
T°9‘_’ has a high risk towards 'cllmate Cha”ge 'mpacziavance release of water would be required (Aquaveo,
_rrarrl]kl'ng 135,th of 1§0 countries in the MDIQ‘IN index. 2017, Climate Centre, 2019). A Funes model creates a set

bs o S_ ec E’_l use a arge o?f(?reccést'eaosgenaﬂog vehi ar8 go%palsed toDhPstBrlléa{llyat !

engagedn sub3|§tence agrlcult.ure and are well belgwt served data to generate rankings of similarity. There are
global poverty Ilng. There will e an increase in thﬁwee major approaches to FUNES models namely: the
num.ber of days W'th_ at' !ea;t 29 milimetres of ra'r_]falclieterministic approach, the ensemble approach and the
leading to greater variability in rainfall patterns over timey; ensional analysis

118

3.1 Societechnological solution
3.1.1. Background:

3.1.2 Jusfication




In the deterministic approach, a flamty ranking threshold for any input variable is high, leading to an
can be used to create a deterministic model whesstimated overspill which exceeds maximums, the dam
historical points are identified in a model with multipleoperators warn humanitarian volunteers through a radio
dimensions. Each dimension is an independent variaBlstem to triggerthe flood preparedness procedures
and a final dimension for the dependent variable is addidither downstream. This can include reminding people of
to create aurfraceons Mor eevacdation rogds,ytipsow safeguairding datuments and
variables can be assigned a higher weight by using floetification of houses (Climate Centre, 2017a; German
‘“inverse distance wei ght el Crosse 2002p dEvacudtibnedrills are eonduced tof
dependent variable value can be determined by finding {kepare downstream communities of 15 Togolese villages
appropriate multdimensional point based on(Climate Centre, 2017a; Climate Centre, 2017b). Standard
measirements input from the independent variables. Ti@perating Procedures (SOPs) are used to define which
forecast is a single value but the certainty of its occurrengetions are taken based on thresholds for flood occurrence.
is not provided (Aquaveo, 2017). This has enhanced the preparednes vulnerable

In an ensembl e appr oaoimmunitees mosttikely to hemffeeted byotlie reteass of
similar historical observations are selected to form axcess water from the Nangbeto dam. These SOPs are
ensemlte. The differences in maximums, minimums anfinanced by a dedicated fund where budgets are pre
means of the response variable are plotted to form aaléocated depending on the forecasted flood scenario
response surface each. Based on differences in (erman Red Cross, 2017).
respective response surfaces, a better understanding of the  This FbF approach to preparedness won an award
certainty of these predictions can be deatit@ generate a in the United Arab Emirates for its innovation and
range of the response variable for a given set of obsenathancement of collaboration across various diverse
values (Aquaveo, 2017). stakeholders (Climate Centre, 2017c)

For conducting a dimensional analysis, each
independent variable is separately investigated. T
independent variable is plotted against the depend
variade and the probability that a given value crosse
threshold based on the forecast value is calculated for e
variable. The probabilities are then combined into a sing
probability with weights assigned as necessary (Aquave
2017).

The FUNES model camot be used by itself to
extrapolate predictions as it can only predict based on wi
are the maximum values it remembers. Thus it can only
used to predict and forecast flooding within the paramete

of the base dat"?‘ itis fed to utilise for model gatien. s[Figure 10: Visualisation of Functional Estimation Model
The FUNES Universal software package allows the u er .

. . . of Nangbeto Dam (Climate Centre, 20[L9)

to plot time series, manage variables and generate

response surfaces to conduct deterministic, ensemble gry Evaluation

dimensional analysis. Users of the software are trainedto

ensure that they are ablegenerate an appropriate mOOIeIZUNES is a useful technology that can be implemented at

for prediction (Aquaveo, 2017). . : . : :
) L a local level and is potentially replicable in various
While the above limitation may make FUNES . .
downstream communities worldwide. It werin tandem

models seem less useful, they are highly versatile and ca . . o . .
with civil society organisations to integrate diverse

take a variety of different data inputs to generate s?akeholders. However, scaling this system up is

predictive model. This makes it highlyseful due to its challenaina without public sector support and private
flexibility (Aquaveo, 2017). The FUNES model forinvesm?erfS P PP P

Nangbeto dam posts aday risk level forecast unique to

each village located downstream from the dam in To%c.)z.l. Communication
(Climate Centre, 2019). A sdiéarning algorithm is used
to measure and predicoverspill volumes from the
Nangbeto dam (Climate Centre, 2017a). When the
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The wuse of easily accessible and affordablerganisations which had a higher degree of local
communcation technologies as well as strategiknowledge and needs had access to funding in times of
automation allowed for ease of communication betweeed. This also ensured that funds were backedarger
stakeholders. organisation with more financial resources than an NGO
Rainfall reading metres upstream are able wuch as the German Foreign ministry. The service level
transmit data to dam operators through an SMS makiagreement ensures that funds are utilised properly and
data easy to access and read. This automationesthiat reduces the chance of embezzlement or corruption in the
readings are available in consistent intervals and are eadistribution of funds, ensing they reach beneficiaries in
to analyse and input into the FUNES system. Given tigeod form (Climate Centre, 2019; Kremers, 2022).
ease of SMS use and access in the global South, this  The Togolese Red Cross has a set of SOPs for
technology becomes useful in transmitting data in areaach village located downstream for each-keslel which
with low internet peration, especially in rural Togo can be triggered ahead of a flooding possibility. These
(Climate Centre, 2019). SOPs range frongeneric advice such as safeguarding
A colourbased early warning system schematidocuments to more specific information on evacuation
was developed for ease of understanding by NGO work@@ints. The use of SOPs, rehearsals and drills ensure that
as well as residents of the downstream villages. Grey is focal populations become familiar with preparedness
very lowrisk, yellow for low risk, blue for moderate, measures and thus are more equipped to act more
orange for high risk and red for very high risk. Eachutononously in the event of an actual flood risk. They
warning for risk also comes with instructions for the locdurther understand the risks they face and the
community to follow to alleviate and prepare for th@reventative/mitigative nature of these actions (Climate
incoming flood risk as part of afwint scale system. As Centre, 2019).
the SOPs foreach village are unique and are Based on output from the FUNES model, the
contextualised to local needs and situations, it is easier Tmgolese Red Cross and the National Platfamnbisaster
resident populations to follow instructions. This ensurdgisk Reduction were able to plan and cooperate to release
that villagers are able to make better use of aid materiatgall amounts of water to avoid dam overflow while
such as water purification tablets and ldgpmosquito simultaneously preparing vulnerable downstream
nets in time, preventing negative impacts on health andmmunities. Cooperation with the authorities in the
safety (Climate Centre, 2019; Climate Centre, 2017b). national government as well as theam ensured rapid flow
Radio stations were able to pecord Togolese of information to relevant local stakeholders and ease of
Red Cross employees and volunteers to publicly broadcasinitoring the situation to adjust future actions and
information in a way that wsa more accessible toresponses (Climate Centre, 2019).
vulnerable downstream communities. Lower levels of
literacy or inability to access SMS due to poor connectio82.3. Coordination
could mean that some sections of the rural population may
not be able to access early warnings. The use of speakeosrdination of data and other communication
and radd which are accessible and use audio instead rméchanisms ensuredhet success of this FUNES FbF
text ensures that the largest number of people are warsgdtem.

in an efficient and effective manner (Climate Centre, Data about dam flow level and gate operating

2019). hours are entered daily by operators from Communauté
Electrigue de Benin who manage the Nangbeto dam. This

3.2.2. Cooperation provides the FUNES with higher resolution data along

with the autorated data made available from water metres
The Togolese Red Cross was able to cooperate witlpr@sent upstream. This ensures a more accurate forecast of
variety of localand transnational civil society and publiaddownstream flooding (Climate Centre, 2019; German Red
sector actors to seip the mechanisms for the FbF FUNEEross, 2022).
system. Flood impact data is collected, compiled and

The Togolese Red Cross established entered by the Togolese Red Cross anypudllring the

Preparedness Fund with seed money from the German Ragh risk periods of the year. This ensures that more
Cross and the Federal German Foreign Ministry alomgntextualised information from downstream
with servicelevel agreements regarding the trigger andommunities are made available to the public sector as

use of the funds. This ensured that civil societywell as the FUNES system. Changing scenarios would
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necessitate updates in SOPS and thisuanneporting raising funds for this system (Climate Centre, 2017a).
method ensures that preparedness measures continukldaitoring and revising of SOPsd longterm sources of
remain relevant and potentially effective in the event offands are required to ensure the sustenance of this system
flood (Climate Centre, 2019; Climate Centre, 2017b). (Climate Centre, 2019).

Data from public sector corporations, independent The reaction time frame for this kind of solution
rain metres and civil s@gty organisations is integrated inis short, requiring quick action to disburse funds and rapid
this model. By making use of multiple streams of data, tlaetion systems to be in place anddbia a timely manner.
FUNES model is able to gain a more holistic picture of tHa the longrun, as the base risk of floods keeps rising, this
flood situation and its possible impacts. Thereforenay be insufficient to alleviate floedisk. Further public
multiple stakeholders are integrated and incés#ity to sector support is required if such systems are to be scaled
coordinate within the bounds of the system (Climatgp to a national level (Climate Centre, 2017b)

Centre, 2019). Overall, itis noticeable how this kind of predictive

The output from the FUNES model was able tand preventative preparedness effort has parallel effects on
accurately predict dam outflow leading to an automatic h e community’s response
triggering to release funds to distribute cholera medicatidistribution of cholera medication and mosquito nets tend
and mosquito nets ke Togolese Red Cross. This formo be typical response and relief measures. However, by
of preventative preparedness has been able to reducentia&ing use of the forecast, these measures can be taken
impacts of downstream flooding substantially (Climatpreemptively to ensure the communities are better

Centre, 2019). prepared for when the flood occurs. Finally, by improving
preparedness and also response, thmada to the
3.3. BarriersExpectations and Solutions communities are reduced significantly which allows them

to build back better and faster. These feedback loops will
Despite the success of this FUNES FbF system, there heediscussed in the conclusions section.
a few challenges that must be accounted for to further
improve this bespractice.
The system requires close coordination with the public
sector to ensure its use and implementation. An
overburdened oweak public sector would impair such
cooperation and thus negatively impact the
implementation and utility of this system (Climate Centre,
2017a).

Initial SOPs may focus on only a small group of
people who are limited to the 15 villages. The scope of the
system requires expansion to better prove the utility of FbF
in flood-risk management. This means that the scheme
must be expanded to other dams or to more communities
downstream to better test its utility and to alleviate
disastefrisk in more populatiorentres (Climate Centre,
2017a).

Success in FbF is contingent on the preparedness
and capacities of involved institutions including the public
sector, civil society organisations and local businesses. If
the communication and cooperation mechanisms do not
take off, then all stakeholders may not be able to improve
preparedness capacities and may compete for scarce
financial resources (Climate Centre, 2017a).

Transparency of funding mechanism and
operation is required to create a scalpd-bF system at a
regional, national or international level. Scaling up could
be challenging as more and more public and social sector

actors will have to become involved in providing and
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Prevention

Best-practice description

» Petalakarta makes use of Twitter to improve the

information of flood impacts in

seasons

* Open-source softwares are used to compile, collate

and verify inputted information

* The map is updated in realtime after information

verification and displayed in a user-friendly website

Communication

« The verification is automatic to
improve speed of verification and
hasten information flows

» Data grant from Twitter allowed
for the formation of an analytical
model based on tweets from
Previous monsoon seasons

Mitigation

frq--T' te

T |
,ml aKG
o 57 STASIAN

rta

Jakarta during rainy

Cooperation

* People used as 'sensors' to gain
locally contextualised flood

* Aggregation of information in a
transparent manner allowing more
actors to contribute to build the map
» Map data was sorted according to
municipal boundaries. This allowed
JEMA to better plan and coordinate
response efforts

Challenges, Solutions & Scaling

» Data aggregation and analysis process is still relatively manual and requires 3 P 4

more automation through the development of APIs

* The model may not be directly replicated outside of Indonesia as popular

messaging applications may be different and thus some-adjustments are

required before best-practice emulation

*There is a feedback loop that parallely improves preparedness in at-risk

(Holderness & Turpin, 2015)

Coordination

*Affected individuals and
neighbourhoods were able to develop
a culture of self-help by requesting
and providing relief supplied and
informing stakeholders through
Twitter
* Twitter was also used to
communicate directly with pubic
agencies for more serious
emergencies; aiding in resporise.—
prioritisation and efficiency

——

communities. Recovery can also be enhanced by documenting weak points and

following up with actions to reduce future risks of flooding



4.1.2 Justification

4. Response
The city of Jakarta and the JEMA has previpussed

4.1 Societechnological solution community mapping through Open Street Maps. It has
further been mandated to improve its outreach to residents
4.1.1. Background: through social media with rising mobile phone penetration

in urban Indonesia. A ground up volunteer geographic

Jakarta sits along the coast of the Java Sea and is a nigjfgrmation (VGI) mappingnitiative would thus be useful
delta area with multiple rivers flowing through it fromand implementable with public sector support and social
highlands in the South up to the coast. Around 40% of tRCtor insights (Holderness & Turpin, 2015). The use of
city is located at or below sea level, necessitating compl¥&! allows local disaster management authorities in
hydrological arrangeemts to ensure the continued flow off€gacities to better coordinate their response and aid in
water across the city area. Thus, around 72.7% of tfd informed decision making while also allowing many
region’s popul ation f ace # thggitytpbeakletqrespondyand centrigue do flgog o
10.2% facing extremely high flood risks, predominantijesponse efforts. This is thus able to reduce the time
concentrated in the northern areas. Northem andratenneeded between gathering information and then reacting
Jakarta were found to be most vulnerable to flooding inf@ the floods, making responses moemporally relevant
panSoutheast Asia study (Holderness & Turpin, 201gl,-|olderness & Turpin, 2015; Hidayat, 2020). Jakarta also
Sitinjak et al., 2018). Jakarta receives very heavy rainf4la@ ¢ € i n’l ofckkom i ts invest men
during the monsoon seasons. The annual precipitation’ifus norstructural measures that enhance adaptation of
the city is expected te@ontinue to rise with changing vulnerable communities to heightened flood risks can help
climate patterns which could potentially worsen the floodekarta better manage floatsks in the mediurterm until
problems faced by Jakarta (Sitinjak et al., 2018) long-run structural measures change (UNDRR, 2021).
Rapid population growth has led to a large number Jakarta has a high proportion of residents with
of residents in Jakarta to live in river banks and oth@Fcess to a mobile phone. AN increasing number of these
floodplain regions at very high densities. This results ighones use the Global Navigation Satellitgst&m
very few natural spaces and more impervious Hoyilt (GNSS) to generate and store location data. Twitter is
areas which worsens flooding and causes subsidehé@hly utilised among the local populace who account for
which reduces the elevation of the land. Subsidence4rft% of all tweets produced globally (Holdemess &

Northern Jakarta is as high as 6cm per ye#inidk et al., Turpin, 2015; Fadmastuti, 2019). Open source software is
2018; Padawangi & Douglass, 2015). free to use and can still belaust and of good quality. Paid

Jakarta only has orthird of the green space it SOftware licences are often prohibitively expensive for use

requires to be able to si0®gaokaSoyh gven public gectar and NGQybudget |
worth of precipitation. The densely settled land makes th@nstraints (Holdemess & Turpin, 2015). The knowledge
expansion of these green areas difficn the short and Of local contexts of Jakarta residents and first redpcs
medium term (Padawangi & Douglass, 2015). can form a dense map of high resolution collected and
Patterns of landwnership means that poorercollated. This becomes a valuable source of information
populations are often concentrated in the Northem parts/@f fisk management. This is heralded as collaborative
the city and live in denser settlements and thus fag@vernance where ngoublic stakeholders are involved as
substantially higher flood risk®édawangi & Douglass, SOUrces of information as Weas decision makers in
2015). disasters such as floods by facilitating leadership and
The Peta Jakarta site was set up by the Jakasdlaboration (Holdemess & Turpin, 2015; Hidayat,
Emergency Management Agency (JEMA) and Twitte#920).
along with the SMART Infrastructure Facility from the Southeast Asia is expected to be one of the worst
University of Wollongong in Australia. It was a platform@ffected regions from climate change. Local authorities
that was able to cadinate various public, private andare strugghg to adapt due to the meagre resources
social sector stakeholders under a united banner improviilable and the lack of reliable, historical information.
the flood response substantially and empowerddierefore, such aninitiative which allows for the collation

vulnerable actors (Holderness & Turpin, 2015). of useful information to inform response would be highly
useful for public authorities and -ask individuals to
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better respond to urban pluvial and fluvial floodpublished on the website which was available in two

(Holderness & Turpin, 2015).

& Turpin, 2015).

4.1.3. Bespractice Description

Data on flood incidents are collected through the use
geolocation, tags and keywords on the Twitter platfor
whichisext ensively wused by
collected data is managed by a free and emence
software known as CogniCity which acts as a framewo
to collect, collate and process urban data (Holderness
Turpin, 2015).

CogniCity is able to aggregatelevant VGI on
Twitter wusing ‘“banjir’ (
more users through automatic invitations sent within &
milliseconds. Every user in Jakarta who uses the wc
“banjir’ i s automaticall
scheme to fill in ad provide flood related data. It is able
to transcend previous VGI initiatives such as Open Stre
Maps by allowing users to report flooding information ir
a more nuanced manner. Over 89,000 invitations were s
programmatically during the trials in 201bhe user only
had to reply to confirm the authenticity of their report b
text, provision of more information or through collecting
photographic evidence (Holderness & Turpin, 2015).

Taufiq A, Pratama
RT icheny! CvOneNews yang diiput ot jgn cuma kelang
gading. Wilayah warakas, kebon bawang, kebantenan, marunda juga

Danir paran

PetaJakarts.org
0 ckNly Kena banjir? Aktifkan geolokast. Laporkan ke |

sangr, Cak di pe ) arg 1423833280245

[ # 2 Follow

m Taufiq A. Pratama

petajkt #Ban|ir + 50cm-60cm dijalan

kebantenan 4 RT10 RWO04 cilincing Jakarta
Utara

forms: a desktop version and a mobile version (Holderness

The

rej

7 1 /
% . [Figure 12 Series of messages on Twitter including
| | g unconfirmed report, verification request, verification and
- photographic evidence (Holderness & Turpin, 2Q15)
| e
| PETAQIAKARTA |
' : / On the desktop version the map showed the entire Jakarta

} cognicity }

cognicity

area with reports from the past one, three and six hours
from each administrative division of the city in a
choropleth (colour scale) map. The mobile version shows

only the reports of the past houithvreference to the

us
‘ cogrvcity '

er s i mmedi ate vici

ni
that 83.79% of users accessed the site through mobile
phones compared to just 14.69% who accessed it through

ty.

a personal computer system (desktop) (Holderness &
[Figure 11: Architecture and Outline of CogniCity Tyrpin, 2015;Hidayat, 2020).

WorkFlow

The rgoorts were then collated and published on a publicly
available map on PetaJakarta.org. This information
included geeaeferenced locations to display the
geographic distribution of the floods and related damages.
The same information was made availablehi® JEMA

and to the public to ensure transparency and easy
coordination as they refer to the same data. The data was
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’ Twitter Bounding Box

. [Figure 14: Density of Flood Related Tweets in Jakarta

Metropolitan Area (Holderness & Turpin, 2015)
[Figure 13: Local reports on mobile version (Holderness

& Turpin, 2015} 4.2. Evaluation

The data processing was adapted to ensure scalability. i@ petaJakarta platform was able to successfully improve
geolocation data was processed and collated on a cengiglhmunication between a large group of heterogeneous
server. However, the rendering (formation and display) §fakeholders ranging frothe JEMA, to the everyday
the map was done on the s hnd SthefNGOS ifvSived Phe duppdrtof privatd
did not have to generattata intensive map tiles. Thisfirm Twitter further ensured the success of the platform.
ensured that the server had sufficient capacity to procg$fe spread of this platform to other Indonesian cities is a

data on a redime basis (Holderness & Turpin, 2015).  reflection of its success and utility as a flospone
The PowerTrack API from Twitter was used as iechanism.

was not subject to rate limiting (as seen in the publicly
available version) as well as the fact that it can be used4® 1. communication
filter keywords. However, the publicly available APl was

used to set up contact with potential users for verificatigh)|ots which were conducted 2014 were able to capture
purposes. This allowed the PetaJakarta team to filter qujp 000 tweets generated by 100,000 users over the course
the noise in an efficie manner (Holderness & Turpin, of 24 hours capturing key words suchbasiir (floods),
2015). tinggi (high),genangar(pool) anderendan({submeged).

In addition to flood reports, a hydrological datazdditionally around 3% of the tweets had precise-geo
layer was also available to optionally enable to track thi§cation information from the Twitter user. This aided in
flow of rivers, water pumps and other water infrastructugge quick identification of a pool of potentially relevant
across the city (Holderness & Turpin, 2015). tweets by the PetaJakarta team (Holderess & Turpin,

2015).

Twitter provided a dta grant which allowed
CogniCity and Peta Jakarta to access previously archived
t weets from previous years
to analyse key patterns and better design thetiraal
system for use in the next
as a hort messaging communication and broadcast tool
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aided in catalysing the flow of information betweenvas done through the CogniCity software where locals in
various social and public sector users on the platfotime surrounding area of concern were invited to confirm
(Holderness & Turpin, 2015). thedata. This verification was immediately updated onto
Verification of information is crucial to ensure thea publicly available map. Verification provisions were
relevance of crowdsource data and its authenticityrelatively straightforward as it simply involved confirming
Manual verification is too labour and time intensiveand providing geographic and photographic information
Machine learning was used to process and verify tldolderness & Turpin, 2015).
authenticity of the large data volume prior to any manual Given the use of opesource software and the
checks (Holderness & Turpin, 2015). processing of | arge vol ume
The difference in theveb and mobile versions devices, privacy becomes a possible concern. To respect
ensured that wuser’s wer e theprivagy ofthe user, altuser idertites veere anongrhised
based on Tobler’ s | aw t bdote stasing data. Adddidnally, ohly usiata wheneghe c |
geographic vicinity that is recent becomes relevant to tieer had replied to the verification was stored for
user. Thus, the use of the spatoporal filter ensured rendering the map (Holderness & Turpin, 2015).
actonable data that did not overwhelm the user with Data was made available and sorted through
unnecessary reported information. This also improvedunicipal administrative scales of various levels for ease
communication by streamlining data to suit the needs off use by the JEMA. This included thaunicipality, sub
the user and improve its relevance and its actionabilitiystrict, village and neighbourhood levels. By doing so, the
(Holderness & Turpin, 2015). platform was of even higher utility and was easier to use
for JEMA to match with their internal documentation. This
ensured that less time was spent on administrative matters
amd more resources and manpower could be diverted to
rescue and recovery operations (Holderness & Turpin,
2015).

@

& 4 «£

¥ o w

[Figure 15: Overview of data management process ¢
CogniCity and Twitter (Holderness & Turpin, 2015)

4.2.2. Cooperation

......

The Peta Jakarta site is able to make use of-eperce X
software and commonly found mobile devices to colla
and present information that can be easily interpreted ¢
acted upon. Open source softwares allowed for higk ———

transparency of how datf':\ was pgesed and also ensureC{Figure 16: Choropleth map of flood reports at various
more actors could contribute to the platform as SOftV"aﬁ‘?unicipal scales (Holdemess & Turpin, 20]L5)
licences were not required. This is especially important in

a situation where public, private and social actors may ngta apove reporting information improvéte resolution
be able to afford professional softwares with paid besn ot yhe information from a 6 hour interval to an hourly

(Holdemess & Turpin, 2015). interval. The higher resolution of data allowed the public

To confirm the actual extent of the floods, peoplgg o to respond in a more nuanced manner as they now
were used as sensors to verify the flooding damage. This
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had better knowledge of the ground situation (Hidayat, The mechanism of sefeporting became self

2020). evolving over time. People were able to use the report
feature on Twitter to provide information on floods and
4.2.3. @ordination engage with other members of &g as well as the local

government (Holderness & Turpin, 2015).
A large number of stakeholders were able to coordinate in The website was designed to ensure ease of access
a smooth manner using the Peta Jakarta platform. Thisd understanding. This included balck and white
mechanism simplified the information sharing process abackgrounds with information highlighted in bright
enhanced the response abilities of involved stakeholdermsolours for ease of navigation. The default language was

The validated amh actionable information allows Bahasa Indonesia which is commonly spoken irrefgeon

residents to take resilience measures or to evacuate alaat! ensured its accessibility. Ease of accessibility of
of time and also allows authorities to finetune theinformation further democratised the response process and
response plans to the situation on ground. This encouragaspowered previously less involved individuals in
the maintenance of the mutual dedip culture of response missions (Holderness & Turpin, 2015).
‘Goyong Rotong among residents Those pebplegwittioit sidcasgto molpleones
information and making access easier. This is due to thvere still able to send useful information without
democratisation of the information generation anpdhotographs through the help of other individuals. Thus
response process where residents are not limited by t§S was used in addition to twitter and typically
down governance structures, thereby empowehemtto contained the street name and municipality information to
take action in their own hands and emerge significantigentify the location. The Twitteplatform was also used
more resilient (Holderness & Turpin, 2015; Fadmastutby public agencies such as the Social Services Agency to
2019). inform nearby residents of the provision of relief supplies

such as food or of evacuations being conducted

(Holderness & Turpin, 2015). Transparency of data

Dinas Sosial Jakarta 0 L Folow
(ﬂ management process ensured that the PetaJakarta
Bntuan logistik dari @DinsosDKI1 ke kel project was sustainable and ensured easy integration of
karet dan tn. Abang #banjir @basuki_btp newer stakeholders (Fadmastuti, 2019).
BeritaJakarta @BPBDJakarta @petajkt

4.3. Barriers, Expectations and Solutions

Despite the high level of stakeholder integration in this
bestpractice, many new cianges were raised over time.
Verification of reports can still be a challenge, as
often despite machine assistance, it is a somewhat manual
process and can be time consuming making it difficult to
generate data for flash flooding. This is particularly
important given that Jakarta is at high risk of flash floods
caused by heavy rainfall events (Holderness & Turpin,
_ 2015).
Vv Public agents require training to be convinced of
the utility of VGI and its reliability. They also need to be
[Figure 17: Message sent by Social Services Agency gmained to learn how tanterpret and make use of the data
Twitter and PetaJakarta (Holderness & Turpin, 2015) to manage flood response. The training needs to be
conducted by data experts to ensure proper transfer of
Given the same datsets are used by residents and themowledge. (Holderness & Turpin, 2015).
government, the solution brings in a sense of civic co Decision support matrices must be developed to
management of the flooding thereby integrating twguide actions and responses based on data to ensure bettel
different stakeholders under the same banner. THisod response outcome. While VGI is useful, its utility
allowed for faster and more effective response measueesild potentially improve if combined with other data
to be tken by the JEMA as well as by residentsources such as SUAV surveillance oDAR analysis.
(Holderness & Turpin, 2015). Hence, APIs must be developed to better integrate these
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data sources for use by public agencies. There is
potential for this to be used as a preparedness/mitigat
mechanism. Location based alerting may be usefi
however APls and mechanis still need to be developed.
APIs could be developed by Twitter to better support tt
PetaJakarta platform, or the costs of development can
split between the government and Twitter (Holderness
Turpin, 2015).

While Twitter was useful in Jakarta, mple
social media platforms may need to be integrated in ott
cities , especially in those with a lower smartphon
penetration rate. Therefore, the transferability of the moc
or practice as it is is challenging, but could be adapted -
other applicatios such as WhatsApp in other cities
(Holderness & Turpin, 2015). M osm

Local level coordination cannot be easily
conducted on Twitter. Instead a different application sur
as WhatsApp had to be used to conduct a rap@hs [Figure 18:List of Major Megacities in Asia with those
assessment and to respond to thatiwiocal and JEMA deltas highlighted (Holderness & Turpin, 2015)
level to avoid too much unnecessary tweeting. Thus,
integrating these aspects into the PetaJakarta platform will
be essential to better centralise and streamline reponses. A
careful distribution of shared responsibility is heeded to
engire that no particular stakeholder is overly pressured or
extended during a flood event (Sitinjak et al., 2018).

Flooding in Jakarta is a compound problem that
involves general water management as a whole including
access to clean water and maintenance waiter
infrastructure across the city and the surrounding
urbanised areas. Response mechanisms cannot act as a
panacea to flooding issues but are a crucial part of a greater
whole (Padawangi & Douglass, 2015).

PetaJakarta has been renamed as PetaBencana and
has been implemented and expanded to other Indonesian
cities. Furthermore there is a lack of integration of the
private sector in the PetaBencana initiative with the
exception of Twitter. Greater private involvement could
be used to crowdfund systemic irmpements such as the
expansion of servers to allow the site to host more users
and to expand the scheme to cities such as Bandung and
Semarang which are also vulnerable to floods (Hidayat,

2020).
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Best-practice description

* Dan Church Aid coordinated with the Cambodian
Government and WING bank to set up cash collection
points for flood affected rural residents

* Those with mobile phones were sent a unique 8-digit
code that could be shown at a cash point to collect the

cash

* Those without mobile phones received vouchers which

could be exchanged for cash

Communication

* NGOs conducted workshops to
ensure beneficiaries understood how
cash scheme worked

» Humansis software was used to
coordinate data sets collected on site
and from the governmental IDPoor
database quickly and without much
technical training for the user

Cooperation
* Lists of benel:f]'lciaries were publicly
available and villagers could request
their inclusion
* Access to information in a
transparent manner ensured that the
parallel governmental cash
programme also reached beneficiaries
* 100% of beneficiaries were able to
receive the cash

Challenges, Solutions & Scaling

» There is usually a lack of trust between governmental and social actors. This may inhibit. _ i

potentially useful collaborations that could improve this scheme in the long-term

* There is a possibility to coordinate with other financial civil society institutions such as
savings organisations to better plan recovery measures and includé vulnerable members

* There is a feedback loop that parallely improves preparedness. mitigation, response or
recovery depending on how the cash is used. Anticipatory cash distribution may be useful

in the future.

Coordination

* [solated members or those who did
not cash their voucher were assisted
by the village chief to ensure no one

was left out

* Most of the cash transfer was used
for food, condiments and medicine.
However, some individuals invested
in housing repair or in chickens or
improvements to their livelihoods

—
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Despite response from multiple agencies, many
families often lacked access to basic items such as soap
5. Recovery and mosquito nets (for sanitations and health purposes)
and required assistance to gradually rebuilteirt
) ) ) livelihoods rather than just receive food assistance alone
5.1 Societechnological solution (CHRF, 2020). The CHRF requested funding of US$ 9.14
2.1.1. Background million to fund all its proposed humanitarian activities
ranging from food assistance, child protection, sanitation

Severe floods had occurred inCambodia in September qugeneral health aneducation. Cash transfers initiated

OCt(_)per of 20,20 had dlsplgced apprO)'<|mater _11’0%%/ local NGOs were a major part of this scheme to assist
families according to the National Committee of Dlsast%th recovery (CHRF, 2020; Chea, 2022)

Management. The estimated death toll was 36 individuals

. . Under the food scheme, both immediate cash
(Narim, 2020). Qverall, a“)?*”d 2 million peoplg WelGransfer for procuring specific nutritional items as well as
exposed to f|00dI.SkS of .WhICh 800,000 were dlrectlyfoII ow-up cash trasfers for special needs groups were
affgcted by the inundation. .175,872)L1$eholds Wgre proposed (CHRF, 2020). Floods hit the poorest harder as
seriously affected by flooding across 14 IorOVInCE'tﬁeyimmediatelylose their source of income and also lack

(Cambodian Humanitarian Response Forum [CHRFAhy savings to fall back on in lean times. Cash assistance

2020; Gally, 2021). An estimated 388,000 individuaIBecomesthe most useful way for them to sfmag(Chea,
were receiving assistance under the IDPoor scheme %2)

the Royal Cambodian government hadeased around
12,000 MT of rice as food aid (CHRF, 2020). Oveélll2 Justification
100,000 houses and 707 school buildings were damaged

across 19 provinces of Cambodia (Narim, 2020).

Cash transfers are predominantly used on securing food
and water. This means that fewer families or individuals
Flood exten : K at risk or affected by floods are likely to go a day without
] : food.Cash transfers are notably more beneficial to those
living in more isolated aas and unable to access other

. Oddar Yediichey U forms of relief or recovery aid. As cash is the most

T s Preahvibear q‘ ":’ . 1 common medium of value in the global South, it is easier
a0 L S— O ey to distribute and spend (World Food Programme, 2021).
, Families were less likely to go into debt or take other loans

(0 B Kampor Thom ' for securing food or repairing housing when provided with

cash transfers. This ensured that even if families cannot
build back better, they can at least bounce back to the same
state quickly and in a financially viable manner. The above

Pursat

Phnom Penh P

““;:j”g Q _ factors also redecthe associated stress and anxiety that
1% svaf ieni comes along with managing the consequences of flooding
e W (Gros et al., 2019).

5.1.3. Bespractice Description

[Figure 19: Map of Cambodian Provinces Affected bj}CGOS such as People in Need and Dan Church Aid were
FLooding in 2020 (CHRF, 202D) able to make US$ 20,000 in cash transfers to over 50

families in the Siem Reap and Battambang provinces in

Around 230,000 hectares of paddy (rice), the main stap?@mb()dia V\_'hiCh were affected by_ floods. Every single
for the region and 80,000 hectares of other crops wédgible family or household received US$ 43 which

inundated and damaged. Much of this damage occurred"ﬁf"Sted them in sustaining their livelihoods and were
the Banteay Meanchey, Battambang, Phnom Phen, PuF‘saa?”y accessed through a financial ssrovider WING

and Pailin provinces. Overall, 329,000ctares had been Pank in a transparent manner (Narim, 2020).

damaged (Narim, 2020; CHRF, 2020). This form of caskransfer to aid recovery has
’ ’ ’ been used in other areas in Cambodia as well foflnod
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related disasters. The intention is to ease the -shont 5.2. Evaluation
and mediursterm impacts of floding (Gally, 2021). Cash 5.2.1. Communication
transfers can aid the recovery process by alleviating
financial pressure that coud lead to negaitve copifiine social sector can inform the public sector to better
strategies such as child labour (Dan Church Aid, 2021).design the mechanics of a cash transfer. By having a more
Dan Church Aid provided cash vouchers to 2,48atimate knowledge of the communities on ground, the
beneficiaries in fouprovinces: Siem Reap, Battambangsocial sector can always inform the government if making
Pursat and Kampong Speu through cash vouchers usisg of SMS codes for mobile tagransfers is the best
WING as the primary financial service provider in 202Csolution to implement a governmental cash transfer
Funding for the cash vouchers came from the Danishheme. The cash transfer scheme was able to improve
I nternati onal Dev el op me nommuniéatoa withyocas govefameats tp eomplgment
Response Fund @ Church Aid, 2021; Gally, 2021). Thethe provision of cash assistance through the IDPoor
Beneficiary Management System (BMS) was used swheme (Dan Church Aidp21).
ensure transparent reahe data availability to various Given the more technical nature of the
stakeholders involved in the cash transfer process. Tgio ver n ment of ficial’s know
was followed in Siem Reap and Battambang. Benefigarigansfers, NGOs were able to bridge communication gaps
received an SMS alert with a uniquediit code. This by better explaining to beneficiaries how cash transfers
code could be taken to the WING bank to receive the cdsimctioned and how they could access cash imaae
transfer. This method has 845 beneficiaries (Dan Churghderstandable manner. This permitted a larger number of
Aid, 2021). beneficiaries to be able to independently be able to collect
The platform was known as Humansis, and caslash (Dan Church Aid, 2021).
reached around 80% of berwmdiries in 4 days and 100% Around 97% beneficiaries received training on
of all beneficiaries in 8 days. Humansis is an epearce how to receive cash assistance from the local NGOs and
beneficiary information management system that c&en Church Aid. The other 3% were personally followed
streamline aid and cash transfer delivery (Dan Church Augp with by the village chief to ensure their ability to
2021; Gally, 2021). receive cash. Overall, 100% of beneficiaries were advised
The second nectechnical system used wahe to keep their phone on and charged at all times. Only 87%
centralised distribution of cash vouchers which could bweere able to do so in practicEhe remaining 13% were
exchanged for cash in Kampong Speu and Pursat. Physigable to do so because of the lack of electricity in some
cash was arranged for by the WING agent through a pegeas while others had to work long hours in the field
established contract. Distribution occurred through wahere they also were less likely to receive a signal. By
strategi cal | yomhxanise attéendarce bypeosonglly engaging beneficiaries and through careful
beneficiaries (Dan Church Aid, 2021; Gally, 2021). Theaining, NGOs were able to better communicate with at
WING distribution point was able to check if anyrisk populations and facilitate follothrough in aid
beneficiary failed to cash the voucher and followed up frovision and collection (Gally, 2021).
personally assist ensuring the inclusion of anyone who
was confusedvith the system (Dan Church Aid, 2021) 5.2.2. Cooperation

Cash transfers are made use of by both governmental and
nortgovernmental organisations to a&ssivith general
disaster recovery in Cambodia. At the local level in
villaged, Dan Church Aid partnered with smaller, local
NGOs and village chiefs who had a more intimate
knowledge of the region and the people. Individuals who
believed they qualified fazash assistance could reach out
to the NGOs to request their inclusion as listed
beneficiaries were publicly available for individuals to
check at a local level. Beneficiaries were given a 48 hours
[Figure 20: WING Cash DIStrIbUtIOﬂ Point (Legarta window where beneficiary lists were published and they
2021} coud be added. Initially around 2,400 beneficiaries were
identified and only an additional 10 were added through
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appeals or complaints. Local authorities recognise hdweneficiary was left behind and that the cash transfer
this helped avoid conflicts or exclusion post theeached theelevant person. Despite the use of technology
distribution of cash (Dan Church Aid, 2D; Gally, 2021). in this situation, occasionally a human touch and face to
Government corruption was placed in check bface engagement ensured inclusivity of all vulnerable and
using openly available beneficiary data to crolssck if affected individuals (Gally, 2021).
beneficiaries are receiving transfers. This improved the Around 17% of beneficiaries received
cash transfer outreach. The misuse of funds is a majmvernment supporof food. This could be a reason as to
concern in cash transfeprogrammes. However, thewhy many of them spent their cash on #ioad items.
transparency of information and conduct in this casgovernment assistance provided rice, dried noodles,
ensured that such situations did not occur and that casimned fish, fish sauce, soy sauce, sugar and salt.
reached those who were slated to receive it (Dan Chuigbhwever, none of the beneficiaries received cash
Aid, 2021). Cooperation with WING bank to sei assistance rém elsewhere. Relatively uncovered
temporary cashwithdrawal stalls in convenient andpopulations were assisted through this programme. The
reachable areas. 100% of beneficiaries in all 4 provincese of SOPs at every stage of the programme reduced the
were able to easily reach the withdrawal point althougihance of confusions and resultant errors. The
occasionally motorbikes were stuck in the mud. Overattansparency of procedures ensured all involved
they also felt safe queueing up to cash theictieus/SMS stakeholders fesafe (Gally, 2021).
codes. The retrieval of the cash through SMS or vouchers
saw overwhelmingly positive reviews from the loca Number of people in the household
stakeholders with no registered complaints about t**
mechanism (Gally, 2021). 30%
Humansis was able to pull data from governmel
databases tdelp aid workers crossheck beneficiary

details and to avoid corruption. It was additionally used ***
input newer data and could function in areas of lo .,
connectivity, simplifying the data management proce: I l .

0

compared to using spreadsheets. This ensureategre Speople 7peosle Speople Speople 4people 3people 2peape 1 person
efficiency in management of the cash flow and distributic.. "% 1 @w Bow (155 (el 1)

and made it easier for NGO personnel to coordinate wighigure 21:Number of people per household in Cambodia
WING to avoid confusion and errors (Lergarta, 2021). (Gally, 2021)

E

5.2.3. Coordination Purchased Goocs

Cash transfers allowed 100% of beneficiaries to best me

use of it to suit their unique needs. Some families usec

to procure more food supplies while others bought mo»

sanitation equipment or educational expenses. Ec [ =
household was able to use funds they saw fit to R ; i ol
optimally recover from the flood (Dan Church Aid, 2021)

Arpund 460/‘_’ O_f hogseholqls saw rice procurement as f[hﬁj'figure 22: Distribution of cash assistance utilisation by
primary priority in using cash assistance Whlclgategory in Cambodia (Gally, 2041)

complements the IDPoor programme from the Cambodian

Government. However, 37%ised the cash to buy Cash based assistance allowed individuals to
medicines, 7% food seasonings, 6% school supplies Q'ngond to flods by securing food and medicine.
another 3% invested in their crops. Families whichowever, some beneficiaries were able to use the funds to
benefited from either the IDPoor programme, the caglisist with the recovery of their business/farms. Thus an
transfer programme or others had sufficient food stocks;iQ,estment in recovery measures and aiding resilience on

last them over theext 4 to 6 weeks (Gally, 2021). an individual basis was observable indicatingshecess
The village chief played an important role inyf the scheme (Chea, 2022).

gathering the general public and personally followimy

with struggling beneficiaries. This ensured that no
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5.3. Barriers, Expectations and Solutions down the phone number and withdrew and provided the
cash to the eldelry beneficiary. Occasionally, non
Despite the efficiency and inclusivity with which the casbeneficiaries stoouh line on behalf of beneficiaries. There
transfer programme had worked in Cambodia, there asea chance that it could be done to cheat the system. A
some important factors to consider prior to implementingosschecking system could be implemented for the
a simiar scheme. Cash transfer programmes can becofmeire (Gally, 2021).
siloed across different stakeholder groups. Often the From the above case study, multiple feedback
public sector and NGOs parallely run casdnsfer loops were visible. Firstly, the catiansfer scheme could
schemes with similar objectives and fail to coordinate withe considered partly as a response scheme as it runs on a
each other. Often, there is no standardigextedure to short time frame and is somewhat reactionary. Thus, there
follow in the implementation of the schemes between tle a parallel investment in response and recovery
public and social sectors leading to disorganisation anteasures. Additionally, some of this cash funds were used
confusion (Dan Church Aid, 2021). to buy medtines and other smaller items which may be of
A lack of mutual trust between the governmenise for the next flooding season. This is especially the case
and civil society organisations can potentiallinder with medication which may be in short supply during a
coordination and possible synergy for better delivery éibod event. This therefore also has positive effects on
cash transfers. The formation of tm@y dialogues in this preparedness among households. Binal some
regard to address the mistrust as well as to forimdividuals used the cash to invest in more resilient farms
transparent SOPs may be required to improve toe improvements to their home which could better
programme in the lonterm. The Minstry of Economy withstand floods in the future. This therefore, becomes a
and Finance of Cambodia has opened up a dialogue withssible form of mitigation. Thus, it is observable that
NGOs to link cash transfer schemes, local capacities ahebending on the utigion of the cash, parallel effects on
social protection to engage in a more preventiaged other stages of the disaster management cycle can be seen.
approach (Dan Church Aid, 2021).
Partnering with other social organisasosuch as
saving schemes and women’s groups could improve th
outcomes of cash use by women who are outside this
support system who have received cash transfers. Thus,
engagement of other financial civil society institutions and
instruments may allow for anore financially resilient
community in rural Cambodia that can quickly invest cash
in recovering from flooding.
Cash transfer programs require at least a 48 hour
period for the participating financial service provider to set
up the distribution point. Usg fully mobile systems
might hasten the pace of cash transfer programmes if the
infrastructure is adapted at a local level (DCA, 2021).
Bestpractices onsite were recorded. Additionally,
15% of beneficiaries were surveyed as a representative
sample to geerate feedback and recommendations to
improve the programme in the future. Claseled
guestionnaires were used to engage and receive feedback
from villagers and to assure that constructive feedback
will not have negative consequences. Opeded
interviews were used to better discuss issues and relay it
to public sector stakeholders. Use of physical distribution
points was difficult for around 5% of beneficiaries due to
poor road conditions. Elderly people were more likely to
change their numbers or weweable to make use of the
SMS systems due to illiteracy or lack of knowledge on
operating the phone. To alleviate this, the NGO noted
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have been taken by the Greater Chennai Corporation or the
Sun TV Network who had fundedehmestoration. As such

SOClety BesPractices they were only technical and financial actors, although
. . they both have potential to also be social actors. The social
DISCUSSIOn aspects of water body restoration fell largely under the
EFI"s purview (EFI, 2021b) .
Expectations: The social sector is parti@ardy crucial in

supplementing the preparedness and response efforts
In general, compared to the private and public secto{gdertaken by the public sector. This is often because most
civil society organisatios are able to bridge pyblic sector disaster response teams are typically national
communication gaps with local actors and the averaggganisations which may not be able to efficiently orient
citizen. Given that most civil society organisations havetBemselve to local contexts. As raised in one of the
local focus and have access to local networks to conveAgerviews conducted with a civil society member, NGOs
resources, they are in a position to transform disaiser and individual civil society members typically assisted
maregement approaches from a-ipwn to a bottorup  disaster response forces. During the severe flooding of
paradigm. The knowledge of local networks allows the®hennai city in 2015, the interviewed civilociety
to contextualise the impact of floathk to atrisk members coordinated and assisted the evacuation of
populations and transcend technical jargon from the pubjigighbouring apartment buildings as the National Disaster
and private sectors to raise awaren&ss gives them a Response Force was less familiar with the local terrain and
unique leverage in floedsk management by reducing thgandmarks. While the evacuations may have succeeded
pressure on the public sector in risk management @jthout local support, thesocial role that civil society
supplementing efforts and assisting with +&tructural members played ensured that evacuations were successful
measure implementation (PUB01, 2022; SOCO1, 2022xd that the needs of the evacuees were taken care of upon
PAPO1, 2022). evacuation (SOCO01, 2022).

A good example of such efforts is visible in NGOs play an important role in bringing attention
Mozambique. While private firms like HKV worked into areas where urgent actionéguired. This is especially
tandem with local disaster management authorities and fige of NGOs with an environmental focus. More often
Dutch government to plan and implement a variety of nothan not, the large size of government bodies may make
structural and structural measures, there waaslear focussing and keeping track of localised risks a huge
dependence on local NGOs to garner local support. NGRanagerial and administrative challenge. This often leads
acted as a forum through which technicallyented actors to certan areas of floodtisk getting neglected due to a
were able to consult netechnical actors and integrateigck of investment in structural and nretructural

their concerns and advice in the planning and executionraéasures to alleviate risks and improve resilience. The
measures. Furtherm® there is an expectation of NGOs g c i a | sector in the form

to raise awareness of flood risks among local populationgsOs, particularly those which have emvimental or

For the HKV and Dutch DRR Team consultations igjvic interests are able to raise such issues to the public
Mozambique, local NGOs painted murals on walls t8ector, formally requesting interventions. Within the cases

remind the public of the severity of flooding andiiscussed above, the EFI had to raise the issue of the
encourage tha to prepare better for future flood risks\iadambakkam lake to the Public Works Department prior

(PAPO2, 2022). to any intervetion. If not, it was falling into a state of
With respect to the case discussed in the paper, Hi8repair.

use of wall paintings by the Environmentalist Foundation
of India is also of interest. The wall paintings were creat@hrriers:
by the NGO in collaboratn with the local residents

around Madambakkam lake, particularly youngerhe social sector faces many barriers in its efforts to
volunteers. The messages were often along the linespgkrate projects that can alleviate fleisks. Currently,
highlighting the importance of the water body and the neggcial media tools are made use of during a disaster to
to preserve its ecological and hydrological functions. Thigyordinate resptse. However, this does not aid mitigation
education also ensured that more residents were inSpirgﬂpreparedneSS ina pqﬁSaster paradigm, where the tool
to take action and involved in the lotgrm preservation js not used for planning purposes (SOCO01, 2022).
of the lake. However, no such education effort appearedd@nsidering the PetaJakarta projects, the use of social
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media did indeed improve the coordination ofpesse handling quantitative data to argue the value of
efforts by the emergency forces, however, the damaigéerventions that they demand from the public sector.
caused by the floods were still relatively high and nodon@his is a compound challenge givirat the public sector,
term nonstructural measures were taken to reduce thhich is usually the biggest stakeholder and actor, tends
risks of flooding in the future (Holderness & Turpinto have a culture of favouring the technical and the
2015). Similarly, WhatsApp aa tool for communication structural over the social and the rstructural data
was used predominantly only during the Chennai floods @AP01, 2022).

coordinate response efforts. “I'nstead of doing som
during an emergency, it is best all are connected througgedback Loops:

Social media & the reach should be in such a way that _ _ _

eveybody is benefitted” ( SH¥H4courssgliefivecgdades, yariousigegback
is a need to move to a présaster paradigm where social'OOpS were observed. While they were highlighted in the

media tools such as Telegram and WhatsApp are maderl%s@ective case studies, their general implications were left

of to coordinate mitigative measures and improvgndiscussed. The following section will expound more

preparedness in local areas, rather tieacting to floods. detail abgut thgse feedback Ioops. _ _
There seems to be ack of mutual trust between Firstly, it appears thain increased investment in
the public sector, which is usually responsible for wat§fuctural and nostructural measures which are
and flood governance, and NGOs, especially in the glof{Fventative or mitigative in nature ensured a better
South. This can limit potential collaborations which magpcovery _after a flood _event. Th'S. IS becguse flrstly, a
improve the execution and design of various structungl aPreventative measure directly aids in reducing fidekis
nonstructural measures. This is patrticularly problematF?:y reducirg the probability of a flood o.ccurrlng _"_1 th? first
in states with a more tegown approach to flood place and. thus reduces. . the fledgks. Mitigative .
management such as Myanmar, where consultations fFasures improve the resilience of the area by ensuring
improving floodmanagement systems were largely keﬁlﬂat |t_can take a higher level of flood damage than before.
within the technical authorities such #se hydrology BY P€ing better protected, the dareaguused by the same
department, disaster management offices, HKV (priva?&ve”ty of flooding is S|gn|f|can.tl.y re.duc.eq ifa mltlgat!ve
sector consultant firm) and the Dutch DRR Team. THReasure is taken than when mltlgatl_on is ignored entirely.
communication with the local population was only to 4n€ reduced level of damage requires fewer human and

modest extent, and thus the utility and impacts of ﬂ{i@ancial resources to repair and return to the old normal
measures proposed ran thiskrof being understudies. orto bounce forward to a new normal. Thus the combined

Especially the socieconomic and resilience impacts Org:ffect. of reduced probgbilities of flood occurrence and
vulnerable and lower income riveide communities Magnitude of damage if a flood occurs, allows greater
(PUBOL, 2022; PAP02, 2022). investments in recovery. o
NGO initiatives are highly dependent on charity Erlnglng in the case study, Fhe lake restorgtlons in
and aid agencies for funding various Feirudural and Chennai are aexample of a combined preventative and

structural measures. This means that funding availabil@é'gaﬂve measure. The restoration and preservation of
is often scant as well as volatile and is oriented towar

lake entirely prevents the chance of pluvial flooding
flood response rather than mitigative measures (SOC

gpm occurring in the event of a normal monsoon by

2022). This means that the spending on managing dﬂa)roving perpolation to the aquifer.s undergrogmuﬂg
recovering from floocdlamage gets prioritised due to iStoring the rain water. However, it is also a mitigative
urgency which may be more expensive in the largn Measure as the structural reipforcements and deepening of
than investment in mitigative measures. As seen in tH lake bed ensured that in the case of an unusually
above cases, funding for cash transfer initiatives as seed@Hminous spell of rain, the excessive stormwater had a
Cambodia were much more easily available and qgaick‘?lace to accumulate outsid(_ahousing estates and public
disbursed by the Danish aid agency. However, tfansport networks. In doing so, the same structural
forecastbased finance initiative in Togo which improved€asure thus reduces the damages faced by nearby
preparedness has not been replicated as much as the B84§Ng and transport infrastructure. Additionally, the

transfer programmes. Thus, the social sector seems td Yang I oflocal vqlunteers ensured that there Wa_s a nF)n
trapped in a disaster response ttant paradigm. structual measure in place to safeguard the functionality

NGOs and civil society tend to be the lea@Nd maintenance of the structural measure (lake

technically oriented and thus struggle with gathering aff@Storation). Thus, the region around the lake is likely to
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recover much faster and better due to this effort (EfFhanner. This ensured that the severity of the flooding
2022). downstream was reduced which impacted fewer key
The next major feedback loop seevas the infrastructure installations and housing. This therefore
parallel effects that an investment in recovery can have appears to be a mitigative measure RJ@.d.; Climate
the mitigation, preparedness and response stages. Teatre, 2019).
investment in recovery raises societal resilience to The final feedback loop observed was the effect
flooding. When there are higher levels of resilience, locaf response on preparedness and recovery. Improved
residents are able treduce their risk of damage fromresponse ensures that the most vulnerable are protected
flooding events thereby mitigating some flevsks. and thus are able to recover faster. However, better
Additionally, locals may be able to divert some resourcessponse in onarea can trigger better preparedness in
to aid in preparedness measures that further reduce niearby vulnerable regions. This is particularly visible with
flood-risk by reducing the vulnerability of local rdsnts. the use of volunteer geographic data in Jakarta.
Finally, given that fewer resources are required to recover The PetaJakarta initiative allowed the local
from lower levels of damage and that a smaller proporti@mergency response force to gain a better understanding
of the population would be vulnerable or the overalf flooding extent and its evolution to adjust their
degree of vulnerability is reduced, response resources casponse. However, the availability of photographic
better prioritiselte most vulnerable. evidence on an easy to access site ensured that many
This unique feedback loop can be observed in thesidents who were in nearby areas were able to evacuate
cash transfer scheme in Cambodia. In general, dependimgidvance or better prepare themselves feretent of
on how the scheme is implemented and how fundingtise flood entering their district/neighbourhood. This
used, it could improve flood resilience across any of thegwrefore improves preparedness in areas where the flood
stages. The cash transfer was useddhbyesfamilies to buy was yet to enter. Finally, the improved response and
additional food products. This ensured that they were fpdeparedness ensured that the communities were able to
and is thus a form of flood response. However, lesscover faster from the plial floods as they faced fewer
vulnerable families were able to invest in their businessedamages from the flood(Holderness & Turpin, 2015).
thereby making them more resilient for future flood events
and this appears to be a recovery or mitigative measufgnerging Solutions:
Finally, some families also bought some medical supplies
they could have on hand if required and thus constitutedgspite the above outlined challenges, there is space for
preparedness measure. (Dan Church Aid, 2021). hope in reforming the social sector and improving
The third feedback loop identified was tHéeet resilience for all stakeholders, especiafffie most
of preparedness on response and mitigation. Improvédnerable individuals.
preparedness naturally improves response as the reduced ~ Social media applications such as Twitter and
vulnerability allows response forces to prioritise the mo¥¥hatsApp have allowed civil society organisations to rope
affected. However, improved preparedness also allows farmore individual actors in relief efforts by democratising
mitigation of flood damges from an everyday the data generation and follayp action processes. This
perspective. This means that while infrastructure may s@impowers a larger section of society to mobilise resources
get damaged, the potential damage could be redud&®CO01, 2022). This democratisation of data gathering is
through a preparedness measure. best visible in the PetaJakarta initiative. By allowing the
Connecting back to the discussed case study, b@@neration of contextualised flood data aggregated on a
these loops can be observed in the us¢hefFUNES publicly available mapemergency response forces and
system to mitigate fluvial flooding in Togo. Firstly, the uséesidents could coordinate and mobilise resources more
of a predictive flood estimation system along with gfficiently. However in addition to that, the use of free and
locally appropriate eartyarning system ensured theOpensource softwares to develop the platform ensured the
populations downstream were prepared to evacuate incedid replication of the initiative in other citie
of a flood. This theliey reduced the vulnerabilities of thelndonesia. This allows for flattening tafpwn oriented
downstream populations who were able to respond betidgrarchies and ensuring a whole of society resilience and
to floods by procuring cholera medication and mosquifn transform the underlying vulnerabilities and
nets to safeguard their health. However, the same meadgiifeumvent governmental oppression and pressures
was also able to make use of predictive modellmg (PVTO1, 2022).
release small amounts of water from the dam in a timed ~ The above also goes hand hand with the
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increased presence of VGI and participatory mappinigst of beneficiaries in an easily available and actéssi
This allows civil society to enter into an active tway format, villagers in Cambodia could request their
relationship with other more technically orientednclusion if they were particularly vulnerable. The same
stakeholders and transcends traditional economic disl was also used to ensure coordination with the
commercial paradigms @hlue.This comes because of thggovernment cash transfer scheme to avoid any corruption
additional transparency and cohesion it gives the diversemishandling (Dan Church Aid, 2021).
civil society sector (PVTO01). Collaboration with both public and private sectors
The anticipatory spread of information ishave allowed for more sustained funding. In general as
increasingly being studied and utilised to drive -pranore NGO projects achieve tangible and visible success,
disaster mitigation and preparedness sneas. This is there is an increased inclination to attract (financial)
seen on various media ranging from modern social mediapport of the public sector andadsished private sector.
applications to radios and SMS. Radio in particular provéal this case the EFI has been operating predominantly in
to be a useful medium through which preparedne€hennai, but also in other Indian cities particularly in
measures and early warning messages were relatedramil Nadu for a long period of time. The long history of
downstream residents. Thadlowed the villagers to take communitybased water body restoration in urban centres
charge of the situation and mobilise themselves withougaves the NGO a certain sense of legitimacy as a reformer
high degree of external assistance. Twitter in PetaJakastawater systems and thus private funders, community
played a similar role in providing anticipatory informatiormembers and the PWD were more willing to work towards
for those who had not yet been affected by ffoddishas a common goal. This is also achieved through
allowed the vulnerable to be significantly mordransparency and local knowledge and resourcearks.
empowered and able to take charge of managing floods There is an increased adoption of ogenirce and
than before. However, a more formal and establishé@e to use tools to generate and analyse data. This is
adoption of anticipatory information systems is requiregarticularly useful in the global South where public and
by coordinating with the public s®r, to ensure the private sector information systems and data availability is
largest number of vulnerable populations can be notifieinimal and relatively weak or of lower resolution and
(SOCO01, 2022). quality. The Google Earth Engine is one such useful tool
Multi -stakeholder involvement driven by localthat is easy to learn and use in the global South that allows
residents improves the trust between public and sociat a quality dataset to aid decision making (PAP02,
sectors as residents are able to hold both part@22). Social entrepreneuase also contributing to this
accountable.This provision of power is crucial as itdata revolution by developing more specialised software
ensures that bottomp approaches to disastefor humanitarian and social sector applications such as
management are successful. One mechanism of how tH@me Reto (PVTO1, 2022).
can be achieved is through transparency. By publishing the

Technology/As Lake Climate Functional Volunteer Cash Transfer
pect Restoration Campus Estimation Geographic System
Modelling Information

Key Successegd  Complete Serious gaming Forecast baseq  Realtime Able to disburseg
ecological and | toinclude and | financing of availability of | cash at a rapid

hydrological educate civil strategic bottomup pace while
restoration of | society incase | preparedness generated remaining
traditional of flooding measures in | contextualised inclusive of
lake(s) to local villages | information of | vulnerable rural
capture excess with earmarked| flood extentand  sections of
stormwater and disbursable impacts society
funding
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Current Large scale, Scaling and Long-run Automation of Long-run
Challenges networkwide consistently sources of verification of funding of
replication of | involving civil funding and information to | initiatives; 48
localised results society, regional/internal  reduce time hour time
and longrun | Reaching wider| ional emulation| required for dat§ requirement to
cooperation adoption and of localised analysis, set up cash
with public and | transferring schemes Replicability in distribution
private sectors| knowledge other cities with points;
for funding and different social Occasional
technical media usage difficulty in
assistane patterns, accessing cash
languagesiad points during
internet accesy rainy season
Stakeholder | State/Municipal| Educational International Municipal National/Region
Integration Government, institutes, NGOs, Nationall Governments, | al Governments
Residents, SMEs, Government, | Local Residents Village
International | Local Residents Local Residents NGOs, Administration,
NGOs, Established Local Established International
Established | Private firmsin Enterprises Private Firms NGOs, Local
Private Firms the gaming (Radios) (Social Media) | NGOs, Local
(Media & sector Residents,
Telecom) Established
Private Firm
(Bank &
Financial
Service)
Emerging Public sector | Accelerated risk Increased level| Replication of | Increased test
Solutions schemes for | perception and| of international | system in cities|  bedding of

network wide
lake restoration
encouraging
involvement of
NGOs and loca
residents as
contributors;
Educating local
residents to
assist with
maintenance
and preservatio
of progress

critical thinking
regarding
correct actions
during a flood
event

recognition
could attract
further funding
and expansion;
Continued
cooperation
from well
funded
international
NGOs and aid
agencies

within
Indonesia;
Increased
availability of
interfaces and
opensource
softwares to
partially
automate data
management
processes;
Continued
cooperation of
social media
firms

anticipatory
cash assistanc
to encourage
use of cash for
recovery Use of
mobile banking
services
available
through apps o
SMS
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management platform for both disaster management

: : authorities and social sector actors to coordinate. This
DISCUSSIOnS means that geographic, hydrological, geological,
Bestpractices should not be viewed in isolation: meteorological, social and ewamic data can be

simultaneously collected, collated and processed. In this

All the bestpractices, while good examples, still havévay, an even more nuanced view of the impacts of the
their limitations and drawbacks. However, thesea flood can be observed which would allow both sectors to
possibility to synergise their heterogeneity and paralleletter tailor their responses to changing circumstances,
use them. To elucidate, while the above review and cdfgereby improing the flood resilience.

study identification aimed to identify current best Examples of how such a multiple source
practices, each identified practice is not a panacea. THIEgration can be meaningful and effective to increase
means that while they atgestpractices at the point in resilience before, during and after a flood event can be
time of the writing of this report, this may change verjound in the private sector. One such private firm that is
rapidly as the climate continues to change and so do tgrking in this vén is the tREACT project that was
nature and magnitude of floaisks in different parts of discussed previously. They combine the information from
the world. However, that does not completely negfate @ large variety of stakeholders across the three major
utility of such a review. Instead, it serves as a starting poffigkeholder groups. Firstly, they developed a smartphone
for the continued development of newer solutions f@pPplication that was easily accessible to civil siycie
manage floodisks. As addressed in the discussiomembers enabling the integration of VGI data which are
sections of each case study, every {pesttice had its then represented in an easy to comprehend visualisation.
pros and cons. However, inany cases the bestactice This ensures that the data generation process is
was one of many practices and measures taken as partq)ep@ocratised. The same application is also able to connect
greater whole. Thus, while bestactices are useful to with control rooms of public seut first response agencies

investigate and emulate, they must not be applied &nd integrated with geteechnical and hydrological data to
isolation. Instead, context plays an important role ijprovide a contextualised and réimhe overview of the

providing insights to the existing system. Differengituation at hand. These are then related to first responders

structural and nostructural measures can interact wittPn the grognd using smagtasses t.echnology which
each other and manage flodsks in different ways. Thus, allows for finetuned response. While such platforms

a bestpractice should never be viewed in isolation and n§ecome increasingly adopted, continued development and
should it be applied in isolatio improvements are required to ensure inclusivity of more

To exemplify the above, it is possible for thestakeholders to aid in better resource mobilisation and

public and social sectors to collaborate with informatioigh resolution data generation. Thesgjn of the
management during the response phase during a figgeplication therefore needs to be inclusive of the everyday
event. The need for reime and high resolution citizen and other stakeholders to ensure future versions are
information exists to better inform response rees ergonomic for use during an emergency flood situation.
taken by the public and social sectors. The use of drones

as seen in Fort Bend, provide high resolution data that daiclical Nature of the DRM Cycle:

be used to analyse the extent of a flood and perhaps

forecast its expansion over the next few hours. Howevéfany feedback loops that wemiscussed connected

it does not provide sém-economic information. The dataPackwards across stages in the DRM cycle. To explain in
also takes a higher time and resource investment to procd@se detail, the DRM cycle was presented as a
into a usable format. On the contrary, the PetaJakawaidirectional process. This entails that at any given time,
project was able to also provide réiahe and high the progression of the cycle is fixed and it moves from one
resolution information about the so@gonomic impacts Stage to andier stage. However, the feedback loops
of the floods. The use of an opsaurces platform demonstrate that this may not necessarily be the case.
provided greater accessibility to social actors whgome of the feedback loops created parallel positive
otherwise may not have been involved in assisting with tg&ects across two or more stages simultaneously. Other
response measures and contributing to resiiende©Ops wor ked ‘backwards’ a
However, there is perhaps an opportunitgdmbine these Ccycle by contributing to floodisk management in one of

solutions to create a common disaster response and ¥k preceding stages. Thus, this brings into question the
cyclical nature of the DRM cycle and the flow of the
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process from one stage to another. It may be possible that
the stages are more likeasts that can be used toln general, communication oriented technologies and to
categorise the stages of disastemnagement like a some extent forecasting systems often had simultaneous
framework rather than a fixed cycle. effects across these three stages. It was an interesting
To further exemplify and apply the abovepattern given thatthe preparedness stage is a distinctly pre
discussion for ease of understanding, the PetaJakarta alisaster stage while responselaecovery are considered
study comes handy. The main feedback lodgntified as during and postisaster phases. These compound
was how the use of VGI mapping and opemrce effects are a particularly useful feedback loop due to its
software mostly improved the response. However, tlability to integrate the various diverse stakeholders and
same platform that coordinated response measures wastain disastaisk management strategies over a longer
also used as a form of preparedness bysktpopulations peiod of time.
which were yet to be inundated #wy were able to The connection between preparedness and
monitor the progression of flooding in neighbouring areasesponse could be seen in Nepal. The provision of the SMS
This provision of information thus also improvedearly warning system acted as a kind of preparedness
preparedness while the response phase was still activechanism which informed villagers of an impending
This comes into conflict with the unidirectional and stagdlood and ensured a larger proportioraewated in time.
by stage flow the DRM cycle and becomes conceptuallyhis was especially crucial given the risk of flash floods
difficult to fit into the cycle as proposed by UCF (n.d.). Imeans that the lead time was relatively short in most cases.
could be argued that different neighbourhoods in the cddewever, the use of the Memorandum of Understanding
study were in different stages of the cycle, however, tiwgth private companies, on the other hand, allowed
complexity of social networks makekig difficult to affordable andree cell service to affected locals. This
analyse. Thus, it may be possible that a given flood maifowed vulnerable communities on ground to be able to
lead to the same region being in more than one stat@mmunicate within each other and mobilise resources
simultaneously. Thus, in this case study, it seems that #ed assistance within themselves, improving flood
DRM cycle could be applied more like a framework foresponse. The improved response and better preparedness
analysing and @anising mechanisms than a cleaindirectly facilitate recovery to a new normal as fewer
chronological cycle. resources are required for a community to achieve the pre
In addition to the possibility of stages being statedisaster level of resilience. In this particular scenario, there
of flood-management rather than a cycle, it seems possiigeno dedicated mechanism to ensure that communities are
that a structural or non structural measure may be in twob u i | t bbatdhe oppostunity dor them to do so
states simultaneously. To eldate and exemplify, the usecan improve substantially. An almost identical set of
of modelling to prioritise the most effective natdn@sed feedback loops and mechanisms can be seen when
solution for the local geographical and demographenalysing the use of Twitter and websites in the
context by the private firm Viridian Logic is a good cas®etaJakarta initiative. These mechanisms are able to exist
to demonstrate this phenomenon. Firstly, thdue to tle use of communication to better collaborate
implementation of prioritised naturébased solutions between different stakeholders and in the case of the social
reduces the chance of flood occurrence, such as strategctor within various organisations and individuals.
forest plantation to reduce stomvater runoff into These capabilities are not just limited to the social
catchments can help prevent flooding by suppressing thector. On the contrary, there is sigrafit potential to
rapid flow and accumulation of water. However, revie leverage on private sector capabilities which remain
this naturebased solution proves insufficient to prevenmostly untapped. However, there are pioneer social
flooding, the resultant flood would have substantiallgntrepreneurs who are making a foray into this space in
milder impacts as the flow of water is still slowed. Thislumanitarian focused participatory mapping. Home Reto
also makes the same solution a mitigative one. Therefoiethe pioneer embodyinguch an innovative technology
the simultaneous prentative and mitigative capacity of and a socially oriented business model. They are currently
naturebased solutions is clearly exhibited, further castingeveloping an organisational tool tailored to suit the needs
doubt on the fixed, unidirectional cyclical formulation obf the civil society sector. This allows the utilisation of
the DRM cycle. humanitarian resources through efficient dasage to
improve response and recovery by matakeholder
Communication  technologies inherently  conneatollaboration. This data emancipation equips civil society

Preparedness, Response, Recovery: actors with the ability to more autonomously respond to
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flood-risks, hence improving credibility from the publicequitably distributed across sociegnd provided the
sector point of view. Ths, this in turn bridges the capacity to mitigate future flooding and its associated
communication and coordination gap betweempacts in those areas. The sustainability of these
government officials, civil society and first respondersnvestments were further secured by involving local
Over time, this can lead to a gradual shift to using governments, NGOs as well as the residents themselves by
bottomup approach to flootisk management and thusempowering them to ctrbute and maintain the swales
flattening hierarbies. Hence, itis observable that there a@nd other green infrastructure that were constructed.

simultaneous effects on raising resilience across A similar pattern was also observed in social
preparedness, response and recovery through -mudtector led mitigating measures. The restoration of lakes
stakeholder integration. within the ancieneri system in Chennai was a mitigation
measuréhat could potentially aid recovery in the event of
Synerqgy between Mitigation & Recovery a future flood. The improvement of the water body

allowed it to regain its hydrological functions, allowing it

Another interesting synergy was observed betwéhe to store water and drain it down to an eri (tank/lake) further
mitigation and recovery stages. Usually, investing in ordown the system. The mitigati measure is an adaptation
of the stages also improves fleathnagement and to the increasing erraticity of rainfall in the region. By
resilience in the other stage and vice versa.These stagesdoring its hydrological functions, the surrounding
require more investment and focus from stakeholdersreighbourhood is able to better absorb the impacts of
transcend the prevention aresponse focussed paradigmpluvial flooding that plagues the city and divert resources
Investments and projects in these stages also tended totasestore more such water bodies as part of the system as
a combination of structural and nstructural measures. well as continue to invest in the maintenance of the
Paying special attention to structural measures, natuexisting lake. Once again, the investment in mitigation
based solutions acting as a complement to existing gresems to accelerate the pace of recovery. In this scenario,
structural infrastructure had this particular effect. Thehe restoration of the Madamkkam lake has now led to
general argument behind these statements is that edforts to restore the Sithalapakkam Lake located further
investment in mitigation can reduce the damages causkmvn theeri system, furthering the mitigation capacity of
by flooding to a given community and to its keythe region and enhancing its ability to recover from
infrastructure instalments. The reducedels of damage monsoonal pluvial flooding events.
thus frees up more resources to be dedicated to a post
disaster analysis of useful practices as well as possible
areas of improvement. This knowledge can then be further
acted upon to invest in strategies that can elevate resilience
levels n vulnerabilities identified from the previous
events.

Narrowing down the discussion to natlnased
solutions and the public sector, the use of nabassed
solutions in China as well as the United Kingdom reflect
this synergy. In this case, nattrasedsolutions in China
as part of its Sponge City Programme were designed to
improve drainage and thereby reduce the physical and
economic impacts of pluvial and fluvial floods. In doing
so, naturédbased solutions also tended to create other
forms of value bgond flood defence. They aided in the
provision of drinking water and cleaner air, thus
improving the health of local communities. This form of
multiple value creation placed local populations in a much
better position to recover quickly and continue teest in
multi-functional solutions for future flood safety,
becoming a potentially positive cycle. Similarly in
London, the targeting of the most vulnerable social

housing estates ensured that flood resilience was more
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2 Cha”enges EXped."[anS & calculating the various additional benefits provided by

green infrastructure through the provision of ecosystem
SOlUtionS services as well as social and health bésefi gradual
positive change in this thought process of valuing flood
management interventions is thus observed.
Over the course of the review and interviews, a variety of Technology is thus framed as a force multiplier
challenges, expectations and emerging solutions weavbich can significantly improve resilience. However,
identified. These were then sorted into themes for tigeveloping and testing them is a difficidemanding and

purpose of discussion and summarised in a table. occasionally serendipitous process which the public sector
may not always be able to dedicate resources towards.
Financial Resource$ Institutional Support: Among the public sector there are often considerable

expectations placed on the private sector to develop better

There is a lack of funding mechanisms for social initiativdschnologiesor find innovative solutions to complex
that are sustainable and focussed on mitigation. Most gitbblems (PUBO1, 2022).
agencies appeared to be focused on the provision of relief However, the Entrepreneurs interviewed explain a
materials for flood response. While these initiatives atack of initiative from the public sector to be supported in
absolutely importantto improve flood resilience, the this endeavour. Not only this, but even when addressed
effects do not last in the lortgrm. While the relief directly through fundingapplications or the like, many
materials provide some protection and assistance in fhstrepreneurs with great ideas for innovative technologies
shortrun to enable flood affected persons to build backre rejected. Reasons could include the contradictory
their livelihood, it does not necessarily fundamemtallexpectation of having a minimum viable product to show.
improve their resilience against floods for the next seasdsince many of these products need to be developed in
Such an increase in resilience is best achieved througjbse collaboration with citizens or first responders, a
investments in mitigative and recovery measures. Thanimum viable product would require more work than
outlook for this is not bleak as aid agencies and the UNcessary. This is because certain technological features,
have begun testing out newapproaches. The UN wasand this holds especially true for communication
able to provide anticipatory cash assistance in Bangladéshhnologies, might be unsuitable for eaiil society
to assist families in preparing for seasonal floods whigksers and hence must bedeveloped.
proved highly effective compared to pdistod assistance. Furthermore, Entrepreneurs require business
Similarly, public sector aid agencies have worked iknowledge to scale up their solutions. This includes
assisting preparedness and recovery mechanisms in tfemplex endeavours like market analysis of addressable
global South. Funding from the German Foreign Ministrglients, a sustainable business plan and accaunti
and Red Cross was able to fund the FUNES systdachnicalities but also simply support in e.g. Human
implemented in southern Togo. This greatly improved tHeesources or External Affairs Management. When
resilience of locals against fluvial flooding reaching out to the public sector, there is often a slow or

Moving beyond an economicntric cost benefit insufficient response leaving Entrepreneurs with
analysis is also a major challenge associated witisappointment in the public sector.
investing in mitigation, particularly natwEased Finally, regulations and given practices on a
solutions. It often defaults the scope of flood managemegnivernment level are often outdated and in some cases
that serves higher income areas with strattoreasures even a major obstacle to design, test or implement new
and investment. “1 mag i n einngvation in fipadvisk maaagement Rioneers in theflooda |
Lamborghini, and during a flood you can get away witlisk management sector have already developedda w
400,000 euros of damage. If you live in a clay hut, th@nge of solutions, be it of natubased, engineering,
damage can be even more severe but amount to a 188fhneengineered, or socitechnological nature that can
euros. So, when using a céenefit analysis, the damagebe employed for the decentralised management of flood
for the poorer people is by default lower than that of richesk.
people. So you should avoid making a decision solely
based on this coftenef i t anal ysi $GbvernaneeA PO 2 2022) .
However, newer methods of analysis are being made
available. Te bioswales in the social housing estates &igid top-down approach and inflexible forms of

London had a cost to benefit ratio of 1:4.39 based @overnance are @orm in the public sector. This usually
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manifests as a disconnect between national watarticipation and Equity

authorities and the municipal level governments. This

often means that flood interventions at the national &inally, a theme spanning over all stakehadds crucial
river-basin level could often worsen the situation fofor multi-stakeholder engagement to acquire sustainable
certain municipalities by placing them at greater risk atsults. To achieve multitakeholder engagement, a
floods. National authorities are also large in size meaniogrtain sense of equity across and within stakeholders
that a large proportion of resources are spent coordinatimgeds to be developed in an increasingly participatory
and managing decisions within the agency. They are alseented paradigm ofdlod-risk management. This could
tied up with legislatio which often slows down change bybe achieved through dialogues where diverse actors get a
forcing them to commit resources to measures that maydssy in designing and contributing towards flesk
outdated for current and future needs. The use of bettomanagement measures and infrastructure. A participatory
up measures that mandate local governments to plaw@proach could improve prioritisation of effort and
bigger role can help alleviate the pressure placed efficient resource mobilisation. Firstly, a participatory
national authorities. By providing municipalities a higheapproach can bring together stakeholders who were
level of executive and financial decision making powepreviously ignored by technicakiented institutions.

the need for investing substantial resources ifhese include civil society organisations, especially those
management and coordination is  diminishednvolved in environmental issues andiciissues. These
Furthermore, municipalities are in a better positto may also include entrepreneurs and smaltade firms
understand local contexts in an-depth and detailed involved more directly in floodisk management. These
manner, which means that higher quality information canore recently integrated stakeholders are able to provide
inform better decisions that suit local contexts. Ofcoursearious types of contextual information including secio
municipalities must not be given absolute power as thégonomic situions, local areas of vulnerability which
could lead to competitio between municipalities for may require prioritised intervention as well as local power
lobbying for structural measures that may harm othdynamics. A snowball technique can also be used where
municipalities (such as constructing dams which leadstttese more directly involved stakeholders could bring in
large areas being permanently flooded). Instead, anconsult with less directly involved setholders such as
intermediary rivetbasin level authority with some other local businesses, residential associations or locally
executive powemay ensure a balance. This system isfluential individuals to create strong local knowledge
already followed to some extent in the Netherlands whiend resource networks. These networks could be used to
is renowned internationally for its exemplary fleodmobilise more resources for flootk management
management and acts as an international public sectoterventions asvell as open up newer opportunities for

scale consultant. collaboration, further intensifying and strengthening this
A second key advantage of deceligiag power network.
to river-basin and local authorities is their ability to better Creating the above network involves improving

rope in and network with other key stakeholders. At @mmunication between stakeholders with different foci
smaller scale, it becomes administratively easier for tlaed capacities. Difficulties in crossing thehaical versus
public sector to take into account the perspectives obntechnical barrier to inform vulnerable groups exist.
diverse  stakholders, particularly civil society However, these barriers have been transcended by projects
organisations and entrepreneurs. Decentralisation isamad now more attention has been paid to this challenge,
slow and tricky process but is definitely possible. Ongarticularly in the global South. Social actors such as the
such example where decentralised executive powers miagolese Rd Cross have been able to narrow this gap.
be beneficial is with the Water as Leverage scheme. Thirstly, basic information is now being provided in a more
Greater Chennai Corporation was able to coordinate welecessible format. In the global South, the increased
the Water as Leverage team to design local wateenetration of mobile services has allowed mansisat
management and flood protection solutions which aredividuals to be connected via SMS or salSimilarly,
socially relevant t o Ch eesen amongghe leseliserate seations op soqiety,lthe tise af
climate. The coordination with the munieifty will allow  radio services have ensured that information availability is
for a prioritisation of key projects which would be simplemclusive. In particularly isolated regions, loudspeaker
than if the scheme was taken up with the much larger stajstems have also aided in spreading actionable
(Tamil Nadu) or national (India) governments. information. Seondly, socieeconomic information is

increasingly integrated and compiled for ease of
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understanding for technically oriented public agencies lgore successfully implemented measure.
NGOs. Similar collaborations are visible in Chennai and
in Cambodia within the discussed case studies. The
demaratisation of data generation through VGI mappingcale & Scalability of Intervention:
in Indonesia takes this up another notch by enabling
individuals to contribute to the collaboration rather thaBcale refers to the level of the intervention: thelsahl
being passive actors in the previous cases. The benefitenéro-level, the localised medevel and the
multi-stakeholder engagement tagh improved national/transnational mactevel. Scalability refers to
communication is increasingly being recognised and maddether thesolution can be scaled from a lower level of
use of. implementation to a higher level to maximise resilience
Finally, the lack of inclusion of vulnerablefor a larger number of beneficiaries. The ability to scale
populations in structural and natructural measure up solutions or intervene and reduce flowks for a large
design, implementation and maintenance was anothm@pulation by a substantial degraee desirable traits in
identified issue. However, thadoption of participatory any bes{practice and are challenging to realise in practice.
approaches is increasingly notable within local levélowever, select practices have the potential to be scaled
public agencies throughout the world. The consultativgp in a nuanced way without the high social and
and participatory approach that is partially driven by loc&nvironmental costs associated with lasgale structural
residents and NGOs. For the case of social housing estaemsires. Naturdbased solutions tend to increasingly fill
in London, the inclusion and enabling of social housingnis niche. Naturdased solutions are typically focused on
residents ensured that they were able to have a say inghblocal scales such as the neighbourhood level. This is
process of constructing green infrastructure. This createfien seen in the natutmsed solutions implemented in
a sense of inclusion and by extension involvement atttk cases discussed. The at®g in the Fulham and
investment in the green imafstructure and thus theHammersmith councils only served the three social
community was able to contribute to its letegm housing estates they were constructed, one level below the
maintenance. In doing so, the pressure on the local coumsitro-scale. On the micrscale, the restoration of the
to provide for the maintenance was reduced. Thus, tMadambakkam lake had largely benefited residents of the
inclusion of vulnerable populations may also allow thersurroundingarea and indirectly others. While the Sponge
to transfornthemselves from a passive stakeholder to @ity Programme is run at a maesoale by the Chinese
active actor who can also contribute to driving changgvernment, it is implemented at a miscale serving
towards improved resilience. This push of course is ndistricts and neighbourhoods within Chinese megacities.
just applicable to the public and social sectors but al3éus, naturdased solutions appear to not bery
from the private sectors. The case of wafes to ease scalable. Conversely, networking natii@sed solutions
bottomup approaches to data generation is a particulasyth existing grey infrastructure allows for increased
promising area. scalability from micro to meso scales, thereby improving
The implementation of natiHgased solutions is a flood resilience and reach (PAPO01, 2022).
particularly promising area where private sector This trend is already occurring in thgivate
involvement could more equitably distribute the secicsector, particularly in Australia and the United States,
economically vi ner abl e. Vi r i di awhereL scglable ' technatogichle lsoluiionsg are being
system is able to take into account such seconomic developed. Juliette Murphy, who experienced severe
data and other local constraints into the model ftooding in her lifetime, thus efounded a multstage
determine the prioritisation of the best nathssed modelling system which can be schfeom a 1 metre grid
solutions. Concerning flexibility and inclusivity of theresolution up to the national scale, in an effort to improve
developed model, HydroloGIS, the staps scored very streetlevel data generation as well as integration of this
high. Besides being able to consider local constraints diita on a larger scale. This is exceptionally innovative and
also takes into account the recreational aspects of thas previously deemed impossible to achieve (PVT04,
naturebased solution which encourages participation @022). This flexibility in scalability of the application
locals and future opportunities multiple value creation. allows it to be used in various capacities. Additionally the
Given that the outputs of these softwares are optimised &pplication allows the use of refaine data to conduct a
participatory design, consultation times and objections tapid assessment of the situation, preventing the loss of
development can be reduced by up to 2 years. Thiges and safeguardirkey infrastructure installations.
provides a more fair basis of decisioraking, ensuring a
144




Feedback Loops (Negative & Positive) (P) mechanisms. The result was unprecedented levels of
damage and fatalities (PUB03, 2022). The World Bank
Feedback loops were identified across all estadies and Group has estimated that between 1980 and 2009, the
all stages including wdepth discussion of results of allinternational community has spent 90 billion US$ on
interviews conducted across various stakeholder groupgsastefrelated assistance. Out of this total amount,
Most feedback loops identified were relatively positive iprevention and preparedness accounted for only 3.6% at
nature, whose mechanisms can be made better use 03.85 billion, while emergency response and nstction
more efficiently improve flood resilience. However, on@ccounted for the majority stake, US$86.34 billion. It is
negative feedback loop was noticed which couldssential to move from the traditional response mechanism
potentially trap a community or countryarvicious cycle. to a vision of prevention and resilience (Dan Church Aid,
In general, an overly focused investment on preventati2€20). However, the adoption of rislased flood
measures reduced floosks, but did not improve the management across th@be has increased the prevalence
resilience of the beneficiaries if it ever failed. Thereforaf structural and nonstructural measures to adapt to
in the event of a failure, which is increasingly likely duehanging climate. Many actors are gradually beginning to
to the adverse effects of climate change, the populationssaift from this negative feedback loop between prevention
risk remain heavily dependent on the public sector as thayd response to one driven by mitigation and recovery
fail to develop independent resilience capacities. Thifforts by the public sector in this regard have culminated
higher risk and vulnerability makes them less able fa programmes such as Sponge City Initiative in China as
contribute to flood responseas the event of the failure of well as Sustainable Drainage Systems in the United
a preventative measure that they become so dependentongdom. Collaboration with social actors have also led
Thus, the public sector and the social sector are forceddothe formation of initiative of this nature such as the
spend substantial financial and Afimancial resources on Water as Leverage projects in Semarang (Indonesia),
responding to floods. While this ensures mosThennai (India) and Khulna (Bangladesh) (PAPO1, 2022).
comrunities are able to bounce back to-ficed levels of The gradual shift from a negative and vicious feedback
resilience, this fails to improve their statypgo. As flood loop to a positive and reinforcing feedback loop is
risks tend to rise with climate change, the stagnant leveladcurring and will require continued study and
resilience worsens the vulnerabilities in the lang. This investments in the lonterm.
was observed irhe recent floods in Germany where the
population was less resilient due to the heavy dependence
on preventative measures and public sector response
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Summary of Key challenges and Emerging Solutions

Challenges

Emerging responses

Financial Resources &

Institutional Support

Lack of sustainable humanitarian funding

Initiatives and earmarking of funds by aid agencies
invest in longterm mitigative civil society initiatives

Overuse of economicentric costbenefit analysis

Increased availability of alternative cdsgnefit nodels
for naturebased solutions

Lack of financial and business advice support for
entrepreneurs

Improved funding from transnational and local
governments; Statp hubs

Governance

Rigid, top-down governance structure slowing
adaptation to changing climate

Decentralisation for ease of administration and
facilitation of multistakeholder dialogues

Participation & Equity

Weak participatory mechanisms

Use of communication technology democratise data
generation

Absence of voice for the most vulnerable sections

Specialised focus on most vulnerable sections, enal]
them to take actions and contribute to resilience

Scale & Scalability of Intervention

Scale of naturdased solutions are too small and locd
focused

Ability to integrate with other infrastructure networks
boost scale and effects

Lack of flexibility in communication systems for local
global scale

Applications and systems are currently in developm|
by entrepreneurs

Feedback Loops

Vicious cycle of investment in prevention and respor
measures leads to high letgrm costs

Gradual investments in mitigative measures to tak|
advantage of mitigation and recovery positive feedb|
loop

[Figure 1: Summary Table of Challenges and Expectations
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Limitations & Outlook

No platform for

Preliminary Simplified Generic / ‘
v e dialogue and
Focus on Flood Review Global o g -
- - solution exchange
Disasters Methodology Conclusions iution exchang
Y Y A v

Find Employ

best-practices for comprehensive to specific

review context

[Figure 2: Summary Infographic of Limitations and Outlopks

Disastermanagement is a broad topic in which there asmitting barriers to scaling to not compromise on the
various kinds of disasters. Since the review focused onmpetitiveness of profitability.
floods, future reviews should inquire into besactices The conclusions derived from this review are
for other disasters. On the other spectrum of walated relatively generic since it was often impossible to consider
disasters, droughts hav also become increasinglyall contextspecific adaptations needed if one wanted to
common with climate change. The feedback loops noticegplicate the given solution. Future studies could focus on
in flooding may also relate to droughts, particularly ione certain region to evaluate bpsactices given
cities such as Chennai where droughts and floods ocaudlividual context. These have already been implemented
alternatively impacting overall water security and watethrough various initiatives such as the Water as Leverage
related disaster resilience. Another major climate relatedhich is able to hypecontexualise the impacts of
disaster that is on the rise is the increased severity andltiple waterrelated hazards to a specific region. The
frequency of storms, especially with the El Nifio and Laameworks developed in this report could be useful tools
Nifia effects. Future research could also focus on thdsecreate a holistic review with more implementable and
disasters. In addition to that single infrastructure may betangible outputs for a local context.
useful for multiple hazards such as eangrning systems
and naturébased solutions bringing about a midiyer Based on the above dission, a floodisk webbased
safety. This could also be further investigated (PAPOflatform is suggested as a useful traasional tool to
2022) improve collaboration and construct new mechanisms for
As discussed in the conceptual framework, thiae flow of resources and knowledge on a global level to
actual literature review methodology was simplified. Thialleviate floodrisks in an era of climate change. A
inherently leads to somewhat constraineglatform where different stakeholders could advertise their
comprehensiveness in identified case studies. Hence, teguirements (such as need for funding) or provide
more comprehensive method developed by the researchmmssultancy or collaborative options. The
could ensure more certainty that the best practices fougitrepreneurship sector in particular could use this as a
are truly the best among all existing ones. Furthermore, faatform to aid in the development and testirfgtheir
the Entrepreneurship sector, a further limitation was thiechnologies. Public sector actors can more easily consult
inability to access nopublished startip evaluations. successful practices and interventions from other regions
Additionally, startups without any online presence, whoof the world facing similar risks and contexts. A global
could have had potentially interesting concepts, wepdatform would simply aggregate and accelerate a series
inherently not included. Finally, also regarding the Starof processes (enging solutions) that are already
up sector, very recently evaluated companies were legurring independently.
transparent in their challenges or generally less dpe
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[Figure 3: Possiblé Design for Transnational Web Platform (Solar Impulse, 2020)]

‘C‘"",. v INNOVATIONS BRIGAID REGISTER LOGIN | Q Seorch

Advancing the technical, social and market
readiness of innovations simultaneously

This metric Is used to assess the maturity of a technology.

BRIGAID 15 a 4 year project (2016-2020) funded by European Unlon under Hortzon 2020
programme which alms to effectively bridge the gap between Innovatoss and end-usess in
resllience to floods, droughts and extreme weather.

The Brigaid Project

[Figure 4: Possible Design for Transnational Web Platform (BRIGAID, 2020)]
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As seen in the above figures, there are already some glat@hprehensive and  collaboratieaabling  global
web platforms in existence. However, they do not hay#atform is required, perhaps implemented by the UNDRR
any communication functionality and do not yet have thte better facilitate potential exchanges and tighten the
capacity to involve the larger number of stakeholders wigdobal knowledge and resource networks.

operate outside these platits. Thus, a more

Concluding Remarks

The purpose of thieeport was to conduct a review of theanalysed to identify hallenges faced by current
status quo of begiractices in flooglisk management and stakeholders, expectations they hold of each other and
point out current challenges and future outlooks. Thisghlight possible emerging solutions to these challenges.
involved developing a conceptual framework that waBhese data were then summarised in the format of a report
later applied to a complex literature search styatieg for ease of reading. Among the various findings of the
identify potential bespractices. This review succeeds irreport, the most important one identified was that the
providing a general understanding and overview of th®ggest challenge in floedsk management was the lack
status quo while being as comprehensive as possiblea mechanism to encourage transnational and translocal
within the limited timeframe and resources with which itollaborations to create a better network for the flow of
was conducted. The bgstacice case studies are used toesources and knowledge. Thuss report concludes that
demonstrate the status quo from which generdeveloping such a (welbased) platform would be a
conclusions are drawn. Various key stakeholders werencrete first step in improving floaisk management
contacted for the purpose of conducting ssetnictured globally.

interviews. The interviews were then thematically
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Appendix

Appendix A - Consent Form [EN]

DECLARATION OF CONSENT

for participation in the research study:

Executive Investigator(s)

Name(s): Natalie Perné, Pranav Shankar Kaundinya
Institution: University College Maastricht, Maastricht University

We are interested in understandimggt practices in technology for flooetisk management.You will be presented
with information relevant to our research study and asked to answer some questions about it. Please be assured tha
responses will be kept completely confidential.

The study involves participating in an interviewd should take you around 30 to 45 minutes to complete. The other
option involves answering between 2 to 4 questions via email if an interview is not possible. Your participation in th
research is voluntary. You have the right to withdraw at any plirihg the study, for any reason, and without any
prejudice. If you would like to contact the executive researcher in the study to discuss this researchnyaitase e

We will make an audio recording of the interview and write down all that has beetusaglthe interview on the basis
of the recording. We will also make a written record of the email responses to our questions. In this written version
the interview and in our personal notes, we will not use your name. We shall instead address y@sevittonym of

choice. These documents will not be shared with anyone else. If we share any of the interview material with a th
party, the interview will be anonymized so that you are not personally identifiable.

There are no reasonable foreseeable risks of participating in the study. Your participation will help to attain the sta
purposes of the study. Your participation will not be compensated financially.

You have the right to access all the information cddld about you as part of the study. Upon request, we will send you
the information collected about you. After the study is completed, the outcome of our research will be presented i
written report. The information collected about you will have all lostroyed by 31/06/2022.

For research participants to sign:

e have been informed of the study. I have read t
about the study. | have been able to think about my participation in thetkatds completely voluntary. | have the
right to withdraw my consent and quit from the study at any time without needing to give a reason.

e | have agreed to participate in the study.

Name:

| am 18 years or older: XYES ( )NO

Date:

Signature:
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Appendix C - WhatsApp Message for Snowball Strateqy [EN/TA]

(English below | )

1

/ . 2015
( ) /
/ 1
&

1 +65 9661 4124 | : p-.kaundinya@student.maastrichtuniversity.nl
F e
Greetings,

We are Pranav Kaundinya and Natalie Perné. We are researchers conducting research on technology, civil society afs floodin
a part of this research, we are conducting interviews of NGOs and civil society organisatians.p&eicularly interested in the

use of communication technology such as WhatsApp as a tool to coordinate response efforts during the Chennai Floods of 2
We would highly appreciate it if you could forward this message to people who were invothiedliood response and recovery
efforts. If possible, we hope to conduct an interview online. If not, we would appreciate it if you could answer onerittefavo w
guestions. We can conduct the interview in Tamil or English. Your response will be tréttedmnost privacy. Your insights
would be anonymously included in our undergraduate research report. We thank you for your response.

Regards,
Pranav & Natalie

WhatsApp: +65 9661 4124 | Email: p.kaundinya@student.maastrichtuniversity.nl
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Appendix D - Sample Interview Guide for Public Sector

Relevant Documents:
Research Paper(s):

Khosravi, K., Shahabi, H., Pham, B. T., Adamowski, J., Shirzadi, A., Pradhan, B., Dou, J., Ly, H. B., Grof,
G., Ho, H. L., Hong, H., Chapi, K., & Prakash, I. (2019). A comparative assessment of flood susceptibility
modeling using MultCriteria DecisioAMiaking Analysis and Machine Learning Methodsurnal of

Hydrology, 573 311-323.https://doi.org/10.1016/j.jhydrol.2019.03.073
https://www.sciencedirect.com/science/article/pii/S0048969720315795

Key Points:

e Using models to predict flooding can help guide actions towards mitigating flood damage or focus on

prevention of such flooding events in a given area
e Machine Learning models proved to be more effective than Quilteria Decision Making models as they

usapreandpogtr uni ng process to avoid ‘overfitting’ t
e Full dykes are higher than sedykes and prevent allflooding while sedykes do not prevent monsoonal
flooding
e The flood reduction ability of a dyke depends on whether itli@fisemi and also depending on the type of
dyke
Questions:

e What are some of the major challenges facing the public sector inrfklothanagement currently? Where or
why do they arise?

e Does the public sector place any major barriers to the adopt@tSaechnology and machine learning for
flood-risk assessment? How could these barriers be removed?

e Of the stages of the disastisk management cycle (prevention, mitigation, preparedness, response and
recovery), where do you feel the public sector donbke the maximum impact?

e With regards to machine learning and GIS technology, is a public sector push sufficient or do the private anc
social sectors also need to get involved to maximise its effectiveness ifriflkadanagement?
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Appendix E - Sample Interview Guide for Private Sector

Generic questions:

1) How do you reflect about your best-practice case study: What were your challenges and how did you
overcome them?

2) How does your technology score among Innovation, Profitability for growth and Human impact (Multi-
value creation)? Do you have additional data we could use to better quantify those factors?

3) What barriers do you face in the future? Which expectations do you have from other stakeholders like
the government or citizens to overcome barriers?

Generic questions - extended:

1) How do you reflect about your best-practice case study: What were your challenges and how did you
overcome them?

How did the partnership with <Company/Partner> accelerate the project?

Adaptation and sustainable transformation

1. How did the partnership between <Companies/Partners> accelerate the technologies developed and
their impact? What were key challenges and how were they overcome?

2) How does your technology score among Innovation, Profitability for growth and Human impact (Multi-value
creation)?

Do you have additional data we could use to better quantify those factors?

2. How would you rate <Company> on Innovation, Profitability and Human impact (Multi-value creation,
increasing resilience) ?

3) What barriers are you facing (i.e. financial, technical, adoption by stakeholders) ?
Which expectations do you have from other stakeholders like the public (e.g. government, UN) or social

sector (e.g. citizen’s, NGO’s) to overcome barriers?

3. What barriers are you facing and which expectations do you have from other stakeholders ?
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Appendix F - Sample Interview Guide for Social Sector [EN/TA]
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Written Interview Sheet
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Name: Date:

In your personal experience, how were you ablmake use of WhatsApp, Facebook and other

social media platforms during the floods?

Do you feel that all stakeholders were able to benefit from social media use? Who do you feel
benefited the most? Who do you think were excluded?

Were there any civil soety organisations you had worked with for relief efforts?

Do you feel that social media could have been used in a different way to manage the relief efforts f
the floods?

In the future, do you see social media as a useful tool forlskdnanagemeftif not, why? Do

you feel that the government should create a specialised app for the public to download or create a
SMS service? What are your expectations?

Stakeholders- Flood victims, First Responders, Government Officials, Civil Society

Volunteers™Members
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Appendix H - Sample Email Invite for Interview with Potential Interviewee [DE]

Im Laufe der letzten Wochen haben wir eine Bewunderung fir lhre Forschung und Arbeit entwickelt. Wir hoffen, lhre
professionelle und akademische Meinung zu Technologien und deren Potenzial zur Miteinbeziehung der Zivilgesellschaft und
der privaten Wirtschaft in den Bereich des Katastrophen Risikomanagements, zu konsultieren. Unsere Forschung bezieht sich
nicht nur auf Best-Practice Fallstudien, sondern setzt sich auch mit den Herausforderungen von Multi-Stakeholder-Inklusivitat
auseinander. Schlieflich fliihren wir einerseits Interviews mit Unternehmern, um herauszufinden, wie R&D in der
Privatwirtschaft das Tempo und die Effektivitat von Innovationen fiir alle Beteiligten beschleunigen kann. Andererseits flihren
wir auch Interviews mit Mitgliedern zivilgesellschaftlicher Organisationen, die HilfsmalRnahmen wahrend der
Uberschwemmungen im Jahr 2015 in Chennai, Indien, koordiniert haben, mit besonderem Fokus auf
Kommunikationstechnologie.

Wir wirden uns sehr freuen, wenn Sie Zeit flr ein kurzes 20 bis 30 minitiges, virtuelles Interview Zeit hatten. Gerne in
Deutsch oder Englisch, wir richten uns nach ihrer Praferenz. Wir sind auch offen das Interview in Deutschland durchzuflihren,
wenn es sich bei dem Anreiseweg von Maastricht um wenige Student handelt. Sollte ein Interview nicht méglich sein, waren
wir Ihnen dennoch sehr dankbar, wenn Sie einige Fragen per E-Mail beantworten kénnten.

Das Ergebnis unserer Forschung, welches hoffentlich auch |hre Erkenntnisse beinhalten wird, wird auf der Maastricht
Research Based Learning Konferenz prasentiert. Unser Vorgesetzter, NN ccr bei UNU Merit angestellt ist, gab
uns auch die Gelegenheit, auf dem (in unserem E-Mail-Gesprach erwahnten) Flood Knowledge Summit zu prasentieren.

Ein Bericht, der unsere Best-Practice Fallstudien und qualitative Multi-Stakeholder-Forschung zusammenfasst, wird fur
Stakeholder verfligbar sein.

Mit freundlichen GriRen,



