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Preface

In front of you lies the final report of my master thesis “The Design of an Assessment Framework for
the Drought Resilience of a Region: The case of Twente, the Netherlands”. This thesis marks the
finalisation of my time as a Civil Engineering and Management student at the University of Twente.
Being born below mean sea water level in the Zaan-region just north of Amsterdam and relatively close
to the North Sea-coast, a life in the Netherlands without the constant presence of water has long been
unfathomable for me. Being grasped by the interested in how in the world it was possible that | could
safely grow up in an area that lies so low without a single thread of fear, | decided to study civil
engineering at the University of Twente. | started the bachelor of Civil Engineering in 2016 and the first
few years didn’t change much in my perspective. | learned that in the Netherlands the presence of
water was indeed more or less a given, and | learned which options one can choose from if they wish
to deal with it. The severe drought in the summer of 2018 was the first time | realized that in the
Netherlands we too can have a water deficit. During the preparation for my bachelor thesis, for which
| was meant to go to Cape Town, South Africa to look at how the city of Cape Town could better adapt
to drought through spatial planning, my mind opened to the threats of drought (even though it had to
be cancelled due to the Covid-19 pandemic). After the 2018 drought turned into a multiannual drought
with growing consequences for all kinds of functions, my perspective (that in the Netherlands the ‘only’
water-related issue lies in how we can keep the water out) changed: also in the Netherlands we can
have significant issues with too little water. However, similar to how | felt as a kid that had no idea how
it was possible that the water was kept out, | now had no idea how one could hope to keep enough
water in when it simply stops raining for months on end. My interest in drought management was
initiated and during my master Civil Engineering and Management this interest only swelled. Through
this thesis, | had the opportunity to follow that interest and dig deep in drought management.

However, | couldn’t have done it alone. First of all, | would like to thank my supervisors at the University
of Twente, Maarten, Joanne and Lara. Thank you for your clarifying insights and guidance on how |
could conduct this thesis. Thank you for all the feedback you have given for this thesis. Also thank you
for always welcoming me for questions and being there to help me through motivational downs.
Moreover, | would like to thank Ulf Stein and Jenny Troltzsch from thinktank and research institute
Ecologic Institute, who especially in the starting phase of my thesis helped me tremendously with their
time and valuable insights and welcoming me as a guest in their office in Berlin. | also want to thank
all the interviewees for their time and our interesting discussions on drought management in Twente.

In the past 7-ish years, | have had a wonderful time as a UT-student in Enschede. | had the opportunity
to partake in a multitude of extra-curricular activities. From being a full-time board member at the
study association for UT’s civil engineering students and organizing a ton of amazing things, to
contributing to educational policy in among others the Faculty Council and in the University Committee
on Education, and to helping in a variety of research projects giving me the opportunity to get in touch
with all kinds of people in the field of civil engineering. | want to thank everyone that was part of these
years, from my close friends to the great staff within the Department of Civil Engineering with whom |
worked in these extra-curricular activities. You made my time in Enschede unforgettable.

Finally, | want to thank my family and girlfriend for all their support throughout the years. It has been
really wonderful to pursue my ambitions throughout my student life, knowing that they were always
there to support me, be it related to the study or not. Thank you so much for that.

| hope you will find this report as interesting and enjoyable to read as | found it to write it.

Ype Willemsen
Enschede, July 2023
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Summary

Background information

As a consequence of climate change, the likelihood increases that the Netherlands, historically a water-
rich country, will experience more frequent and more severe droughts, causing significant degradation
in social, economic and environmental functions. In order to capture the significant uncertainties of
droughts, both regarding their meteorological characteristic as well as their social, economic and
environmental impacts, drought resilience of a region is seen as key-element in the policy development
for drought management. However, a field problem arises when policy-makers or consultants try to
translate this theoretical idea of regional drought resilience into practice: there is no comprehensive
understanding of what drought resilience of a region entails, also resulting in the absence of a readily
available tool that can provide sound guidance on policies towards a drought resilient region.

Research objective and methodology

To reduce this identified field problem, the main objective of this study was formulated as ‘Design an
assessment framework that provides a comprehensive understanding of the drought resilience of a
region as a tool to guide drought management policies’. To achieve this objective, design science
methodology was employed based on the design cycle by Wieringa (2014), consisting of three
distinctive design phases: a problem investigation phase, a design phase, and a validation phase. The
implementation and evaluation phases of the full design cycle are not considered in this study.

Problem investigation phase

In the problem investigation, a literature study is conducted on regional drought resilience. Therein, it
is identified that the resilience of a region to any kind of disturbance consists of several distinct phases:
the region can be prepared before the disturbance, the region can absorb the disturbance through
minimizing the detrimental effects of the disturbance on the functionalities of the region, the region
can recover from those detrimental effects back to the state of its functionalities before the
disturbance, and the region can adapt to improve its resilience to the disturbance after lessons were
learned from the disturbance. In another literature study into the currently existing frameworks for
resilience assessment, it is identified that there is a hiatus in scientific literature on what drought
resilience of a region means in practice and that none of the (very) limited number of resilience
assessment frameworks (RAFs) that state they can (also) assess for drought resilience is suitable for
the assessment of a region, or incomprehensive in their inclusion of resilience theory. Lastly, in a third
literature study, a set of 24 design requirements is developed. These are structured under six general
design requirements, which stipulate that there should be 1) credibility, 2) legitimacy, and 3) salience
of the framework elements and the assessment procedure within the framework, 4) proper
visualisation of the framework and its assessment results, 5) proper incorporation of the framework
within its context of use, and 6) a proper level of flexibility in the application the framework.

Design phase
In the design phase, a first design of the assessment framework is developed. For this there is built
upon the existing base of literature, through the identification of one existing RAF that can be used as
a theoretical base for the to-be-designed assessment framework for regional drought resilience. Based
on a verification of this existing RAF against the design requirements, necessary adaptations are
identified and incorporated into the design of the assessment framework. Most importantly, this
entails the adaptation of the existing RAF to the drought context, through i.e. the development of a
comprehensive set of drought resilience indicators, instead of its original set of flood resilience
indicators. Moreover, the assessment procedure and the visualisation of its results are structured such
that the assessment yields concrete guidance towards improved drought resilience of the region,
through a combination of quantitative and in-depth qualitative information. As final part of the design
phase, a recommended procedure-of-use is developed. This procedure-of-use consists of four distinct
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phases: the assessment preparation, the assessment conduction and the follow-up phases, as well as
an optional phase in which an ex-ante policy evaluation is conducted. The preparation phase includes
the definition of the region and relevant stakeholders, the relative importance of framework elements,
the indicator’s scoring methods and setting up indicator maturity indices. In the conduction phase, the
information is gathered through the earlier defined methods and reported following a structured
assessment and reporting method. In the follow-up phase, gaps in current policies are defined based
on the assessment results and new or adapted policies should be drafted based thereupon. The ex-
ante policy evaluation can be conducted both with or without a baseline from an earlier assessment.

Validation phase

In the validation phase, the Absorb-phase of the designed assessment framework is applied in a case
study in the Dutch region of Twente. In this case study, the preparation and conduction phases of the
recommended procedure-of-use are followed, utilizing document studies and a total of nineteen
expert interviews with various relevant stakeholders to assess the drought resilience of Twente.
Employing the gained experiences from the case study, the framework is (partially) validated with an
evaluation against the design requirements. From this, it is concluded that the design requirements
for the framework’s credibility and visualisation are (mostly) met. However, the design requirements
for the framework’s salience are only partially met, while the design requirements for the framework’s
legitimacy are mostly not met. As the validation phase consisted of only one case study which did not
cover the follow-up phase, neither the (feasibility of the) framework’s incorporation in its context of
use nor its flexibility are validated in this study. Following this validation, a significant number of points
of improvements are identified. A common denominator in these is the lack of participation from
prospective users in the design cycle. It would have added greatly to the framework’s validity if
prospective users participated in setting the design requirements and participated in an evaluation of
the framework and its assessment results. Moreover, the case study showed that even a partial
application of the framework is already rather laborious. For full application of the designed
assessment framework, significant resources are likely required, especially regarding the required time
investment. This reduces the framework’s usability and thus salience.

Conclusion

This study presents a design for an assessment framework for the drought resilience of a region,
including a recommended procedure-of-use to ensure proper framework implementation. Through
this assessment framework, also a comprehensive overview of aspects that are relevant for the
drought resilience of a region is established. To develop the design, an extensive literature study on
drought resilience and resilience assessment is conducted, guiding the formulation of design
requirements and the adaptation of an existing RAF into the design of an assessment framework for
the drought resilience of a region. One out of four phases within this designed assessment framework,
being the Absorb-phase, is applied in a case study in Twente, providing experience with the
framework’s performance. Based thereupon, an evaluation on the framework’s usability is executed,
leading to several points of improvement for the designed assessment framework.

Recommendations for further research

Based on this study, recommendations for future research are formulated. Future research is
recommended to conduct additional loops of the design cycle, which include more participation from
the framework’s prospective users in both the definition of new or adapted design requirements as
well as for the validation of the design. Moreover, future research is recommended to look into how
the laboriousness of the framework can be reduced (i.e. simplified) while maintaining its
comprehensiveness, to accommodate for prospective users with low resources available. Moreover,
future research should analyse the implementation and evaluation of the designed assessment
framework in practice to complete the design science methodology applied in this study.
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Samenvatting

Achtergrondinformatie

Als gevolg van de klimaatverandering neemt de kans toe dat Nederland, van oudsher een waterrijk
land, vaker te maken zal krijgen met ernstige droogteperioden, met aanzienlijke impact op de sociale,
economische en ecologische functies. Om rekening te houden met de grote onzekerheden die droogte
met zich meebrengt, zowel wat betreft de meteorologische kenmerken van droogte alsook de sociale,
economische en ecologische effecten, wordt droogteveerkracht van een regio gezien als een
sleutelelement in de beleidsontwikkeling voor droogtebeheer. Er doet zich echter een veldprobleem
voor wanneer beleidsmakers of adviseurs dit theoretische idee van droogteveerkracht van een regio
in de praktijk proberen te brengen: er is geen alomvattend begrip van wat de droogteveerkracht van
een regio inhoudt, wat tevens resulteert in het ontbreken van een direct beschikbaar instrument dat
een degelijke leidraad kan bieden voor beleid dat gericht is op een droogteveerkrachtige regio.

Onderzoeksdoel en methode

Om dit vastgestelde veldprobleem te verkleinen, is de hoofddoelstelling van deze studie geformuleerd
als 'Ontwerp een beoordelingsraamwerk dat een alomvattend inzicht geeft in de droogteveerkracht
van een regio als hulpmiddel voor het sturen van droogtebeheerbeleid’. Om dit doel te bereiken is een
ontwerpwetenschappelijke methodologie gebruikt op basis van de ontwerpcyclus van Wieringa
(2014), bestaande uit drie verschillende ontwerpfasen: een fase waarin het probleem wordt
onderzocht, een ontwerpfase en een validatiefase. De implementatie- en evaluatiefasen van de
volledige ontwerpcyclus zijn in dit onderzoek buiten beschouwing gelaten.

Probleemanalysefase

In de probleemanalyse is een literatuurstudie uitgevoerd naar de droogteveerkracht van een regio.
Daarin is vastgesteld dat de veerkracht van een regio bij elk soort verstoring bestaat uit verschillende
fasen: de regio kan worden voorbereid voér de verstoring, de regio kan de verstoring absorberen door
de nadelige effecten van de verstoring op de functionaliteiten van de regio te minimaliseren, de regio
kan herstellen van die nadelige effecten tot de staat van haar functionaliteiten voor de verstoring, en
de regio kan zich aanpassen om haar veerkracht tegen de verstoring te verbeteren door lessen te
trekken uit de verstoring. In een andere literatuurstudie naar de reeds bestaande raamwerken voor
het beoordelen van veerkracht, is vastgesteld dat er een hiaat is in de wetenschappelijke literatuur
over wat droogteveerkracht van een regio in de praktijk betekent en dat geen van het (zeer) beperkte
aantal veerkrachtbeoordelingsraamwerken (VBRs) dat zegt (ook) droogteveerkracht te kunnen
beoordelen geschikt is voor de beoordeling van een regio, of onvolledig is in hun opname van de
theorie over veerkracht. Tot slot is in een derde literatuurstudie een set van 24 ontwerpeisen
ontwikkeld. Deze zijn gestructureerd onder zes algemene ontwerpeisen, die bepalen dat er sprake
moet zijn van 1) credibiliteit, 2) legitimiteit, en 3) gebruiksvriendelijkheid van de raamwerkelementen
en de beoordelingsprocedure binnen het raamwerk, 4) een goede visualisatie van het raamwerk en de
beoordelingsresultaten, 5) een goede inpassing van het raamwerk binnen de gebruikscontext, en 6)
een juiste mate van flexibiliteit in de toepassing van het raamwerk.

Ontwerpfase
In de ontwerpfase wordt een eerste ontwerp van het beoordelingsraamwerk ontwikkeld. Hiervoor is
voortgebouwd op de bestaande literatuur door een bestaande VBR te identificeren die kan worden
gebruikt als theoretische basis voor het te ontwerpen beoordelingsraamwerk voor droogteveerkracht
van een regio. Op basis van een toetsing van deze bestaande VBR aan de ontwerpeisen worden
noodzakelijke aanpassingen geidentificeerd en verwerkt in het ontwerp van het beoordelings-
raamwerk. De belangrijkste hiervan is de aanpassing van de bestaande VBR aan de droogtecontext,
d.w.z. de ontwikkeling van een uitgebreide set indicatoren voor de droogteveerkracht, in plaats van
de oorspronkelijke set indicatoren voor de overstromingsveerkracht. Bovendien zijn de
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beoordelingsprocedure en de visualisatie van de resultaten gestructureerd zodat de beoordeling door
een combinatie van kwantitatieve en diepgaande kwalitatieve informatie concrete aanwijzingen
oplevert voor een betere droogteveerkracht van de regio. Als laatste onderdeel van de ontwerpfase is
een aanbevolen gebruiksprocedure ontwikkeld. Deze bestaat uit vier afzonderlijke fasen: de
voorbereiding van de beoordeling, de beoordeling zelf en de opvolging van de resultaten, evenals een
optionele fase waarin een ex ante beleidsevaluatie wordt uitgevoerd. De voorbereidingsfase omvat de
definitie van de regio en relevante belanghebbenden, het relatieve belang van specifieke
raamwerkelementen, de scoremethoden voor de indicators en het opstellen van beoordelingscriteria
voor de indicatoren. In de uitvoeringsfase wordt de informatie verzameld via de eerder gedefinieerde
methoden en gerapporteerd volgens de gestructureerde beoordelings- en rapportageprocedure. In de
opvolgingsfase worden de hiaten in het huidige beleid gedefinieerd op basis van de beoordelings-
resultaten en op basis daarvan moet nieuw of aangepast beleid worden opgesteld. De ex ante
beleidsevaluatie kan zowel met als zonder een referentiepunt van een beoordeling worden uitgevoerd.

Validatiefase

In de validatiefase is de Absorptie-fase van het ontworpen beoordelingsraamwerk toegepast in een
casestudy in de Nederlandse regio Twente. In deze casestudy zijn de voorbereidings- en beoordelings-
fasen van de aanbevolen gebruiksprocedure gevolgd, waarbij gebruik is gemaakt van documentstudies
en in totaal negentien expertinterviews van verschillende relevante belanghebbenden om de
droogteveerkracht van Twente te beoordelen. Met behulp van de ervaringen uit de casestudy is het
raamwerk (gedeeltelijk) gevalideerd met een toetsing aan de ontwerpeisen. Hieruit blijkt dat
(grotendeels) wordt voldaan aan de ontwerpeisen voor de credibiliteit en visualisatie van het
raamwerk. Aan de ontwerpeisen voor de gebruiksvriendelijkheid van het raamwerk wordt echter
slechts gedeeltelijk voldaan, terwijl aan de ontwerpeisen voor de legitimiteit van het raamwerk
grotendeels niet wordt voldaan. Aangezien de validatiefase uit slechts één casestudy bestond die de
opvolgingsfase niet omvatte, zijn de (haalbaarheid van de) integratie van het raamwerk in de
gebruikscontext en de flexibiliteit van het raamwerk in deze studie niet gevalideerd. Naar aanleiding
van deze validatie is een aanzienlijk aantal verbeterpunten geidentificeerd. Een gemene deler hierin is
het gebrek aan participatie van toekomstige gebruikers in de ontwerpcyclus. Het zou de validiteit van
het raamwerk sterk hebben vergroot als toekomstige gebruikers een actieve rol hadden in het
opstellen van de ontwerpeisen en hadden deelgenomen aan een evaluatie van het raamwerk en de
beoordelingsresultaten. Bovendien toont de casestudy aan dat zelfs een gedeeltelijke toepassing van
het raamwerk al vrij bewerkelijk is. Voor een volledige toepassing van het ontworpen beoordelings-
raamwerk zijn waarschijnlijk aanzienlijke middelen nodig, vooral wat betreft de vereiste
tijdsinvestering. Dit vermindert de gebruiksvriendelijkheid van het raamwerk.

Conclusie

Deze studie presenteert een ontwerp voor een beoordelingsraamwerk voor de droogteveerkracht van
een regio, inclusief een aanbevolen gebruiksprocedure voor goede implementatie van het raamwerk.
Door middel van dit beoordelingsraamwerk is ook een uitgebreid overzicht opgesteld van aspecten die
relevant zijn voor de droogteveerkracht van een regio. Voor de ontwikkeling van het ontwerp is een
uitgebreide literatuurstudie uitgevoerd over droogteveerkracht en de beoordeling hiervan, die als
leidraad dient voor de formulering van ontwerpeisen en de aanpassing van een bestaande RAF in het
ontwerp van een beoordelingsraamwerk voor de droogteveerkracht van een regio. Een van de vier
fasen binnen dit ontworpen beoordelingsraamwerk, de Absorptie-fase, is toegepast in een casestudy
in Twente, waarbij ervaring is opgedaan met de prestaties van het raamwerk. Op basis daarvan is een
evaluatie uitgevoerd op prestaties van het raamwerk, resulterende in verschillende verbeterpunten.
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Aanbevelingen voor vervolgonderzoek

Op basis van deze studie zijn aanbevelingen voor toekomstig onderzoek geformuleerd. Toekomstig
onderzoek wordt aanbevolen om een (of meerdere) extra lussen van de ontwerpcyclus uit te voeren,
waarbij de toekomstige gebruikers van het raamwerk meer worden betrokken bij zowel het definiéren
van nieuwe of aangepaste ontwerpeisen als bij de validatie van het ontwerp. Bovendien wordt voor
toekomstig onderzoek aanbevolen om te kijken hoe de bewerkelijkheid van het raamwerk kan worden
verminderd (d.w.z. vereenvoudigd) met behoud van de volledigheid, om tegemoet te komen aan
toekomstige gebruikers met weinig beschikbare middelen. Bovendien zou toekomstig onderzoek de
implementatie- en evaluatiefasen van het ontworpen beoordelingsraamwerk in de praktijk kunnen
analyseren om de in deze studie toegepaste ontwerpwetenschappelijke methodologie te voltooien.
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1. Introduction

1.1. Problem context

Many regions worldwide face severe water management challenges. These often occur from extreme
weather events, which result in floods or droughts. Due to climate change, such extreme events are
set to happen more frequently, with higher intensity, and with a longer duration (Huang et al., 2015;
IPCC, 2021; National Academies of Sciences, 2016; Naumann et al., 2021). The water management
challenges in the Netherlands are no exception to this. On the one hand, floods will occur more
frequently (Rannow et al., 2010). A prime example is the flood of July 2021 in the southern Dutch
province of Limburg, which caused approximately €400 million in damages and the displacement of
some 700 households (NLTimes, 2021). Simultaneously, the country is becoming more susceptible to
severe, consecutive drought hazards (Bartholomeus et al., 2023). A recent example is the summer of
2018 (see Figure 1), which will be remembered as one of the driest in measured history as a result of
a prolonged heatwave and extremely low precipitation (Brakkee et al., 2022). Coupled with additional
dry summers in 2019 and 2020 and insufficient winter precipitation as compensation, this drought
hazard event had severe multi-annual social, economic and environmental impacts. This was due to
the large spatiotemporal extent and the many cascading effects, such as water extraction restrictions
impacting agriculture and industry, reduced or halted shipping through major waterways, significant
salt water intrusion in coastal areas and in areas surrounding salt mines, and significant (property)
damages due to land subsidence and foundational pile rot (Brakkee et al., 2022; Grillakis, 2019; Wens
et al, 2019). Moreover, extreme environmental damages from depleted soil moisture and
groundwater levels occurred (Brakkee et al., 2022; Van Hussen et al., 2019).

Potentieel neerslagtekort
Maximale waarde -

Figure 1 Maximal potential precipitation deficit during 2018 drought (KNMI, 2018, p. 23).

Following the increased likelihood of severe drought events such as the 2018-2020 consecutive
drought in the Netherlands, drought-induced damages and water use conflicts are set to worsen as
well. Hence, it becomes increasingly relevant to lower the risk and effects of drought events. To do so,
a comprehensive and proactive drought management (policy) approach is key (Tong, 2021; Wilhite,
2002). Furthermore, in the past decade, several researchers have stressed the importance of
incorporating resilience thinking into such a comprehensive drought management approach
(Crossman, 2018; Sivakumar et al., 2014; Wilhite, 2011; Wilhite et al., 2014; Ziervogel, 2019).
‘Resilience’ is often used to define how well a system, i.e. a region, can prepare for, withstand, recover
from and adapt after disturbances such as stresses and shocks (Carpenter et al., 2001; Hauge Simonsen
et al., 2014; Meerow et al., 2016). This goes further than the earlier proposed risk management
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approach (Wilhite, 2002) focussing on planning and reducing vulnerabilities, and going significantly
further than the historically more traditional reactive drought (crisis) management (Bazza, 2002;
Wilhite, 1992, 2011). Resilience management (or management and policies towards resilience
building) puts additional emphasis on speeding recovery and facilitating adaptation or transformation
compared to risk management (Linkov et al.,, 2014). This notion has also found its way into
international drought policy guidelines according to which the regions worldwide should become more
resilient to severe droughts (UNCCD, 2019; World Bank, 2019).

An assessment framework for the drought resilience of a region can provide guidance to stakeholders
with an interest in the drought management of a region (i.e. policy makers within municipalities, safety
regions, water boards and provinces or consultants from consultancy and engineering firms) on the
state of the region’s drought resilience, in order to create policies to be(come) more drought resilient
(Arbon et al., 2014; Frankenberger et al., 2013; Khazai et al., 2015; Sellberg et al., 2015). However,
when such stakeholders try to assess the drought resilience of a region, they quickly find there is no
comprehensive scientific guidance on what drought resilience of a region means in practice and that
there is no comprehensive overview of relevant aspects for a region to be as resilient as possible to
droughts. In this absence of scientific guidance, these stakeholders tend to have deviating and
incomprehensive ideas on what it means for a region to be resilient to droughts.

1.2. State of the Art

Resilience and resilience assessment are growing fields of interest in the academic world (Sharifi,
2016). Over time, the understanding of the concept of ‘resilience’ changed significantly (Mujjuni et al.,
2021). Especially in the past decades, ‘resilience’ has seen a significant rise in interest within the
academic world (Mujjuni et al., 2021; Sharifi, 2016). However, despite this increased interest in the
topic, or perhaps because of it, consensus on a harmonized definition of the concept of ‘resilience’ is
still absent (Brand & Jax, 2007; Hosseini et al., 2016; Meerow et al., 2016; Mujjuni et al., 2021) and the
specific definition is highly subject to perspectives (Kim & Lim, 2016). Moreover, despite the increased
interest in resilience assessment and the emergence of a large number of resilience assessment
frameworks (RAFs) in the past two decades, there is a hiatus in the scientific literature of research into
the operationalisation of drought resilience (Tong, 2021). Of the +/- 85 resilience assessment
frameworks reviewed in four recent review studies (Bliylikdzkan et al., 2022; Schipper & Langston,
2015; Sharifi, 2016; Tong, 2021), only very few assessment frameworks state they can (also) assess for
drought resilience. However, these are not aimed at the regional level (and instead at households, a
community, or specific types of vegetation), incomprehensive in their theoretical base (with
consideration of only a part of the resilience phases), and/or aimed at historically dry and impoverished
regions, leading to different points of interest for regional drought resilience. As such, a readily
available drought resilience assessment framework applicable for the Dutch context is absent.

1.3. Problem statement
Due to the increased likelihood of more frequent and severe droughts in the Netherlands, which
historically is relatively water-rich, the importance of good drought management increases (Huang et
al., 2015; IPCC, 2021; National Academies of Sciences, 2016; Naumann et al., 2021). To capture the
significant uncertainties of droughts, both within the meteorological characteristics of droughts as well
as their social, economic and environmental impacts, improving the drought resilience of a region is
seen as key-element in drought management (Tong, 2021; UNCCD, 2019; Wilhite, 2002; World Bank,
2019). To incorporate resilience thinking in the drought management of a region, it is beneficial to
provide stakeholders with an interest in the drought management of a region (i.e. policy makers within
municipalities, safety regions, water boards and provinces or consultants from consultancy and
engineering firms) with additional guidance on the practical operationalisation of drought resilience,
in the form of an assessment framework (Arbon et al., 2014; Linkov et al., 2014; Sellberg et al., 2015).
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However, despite the existence of a significant number of resilience assessment frameworks, very few
focus on drought resilience and none focus on drought resilience of a relatively water-rich and affluent
region (such as a region in the Netherlands) (Blyilikozkan et al., 2022; Schipper & Langston, 2015;
Sharifi, 2016; Tong, 2021). This leads to a relatively splintered base of information on the relevant
elements to improve regional drought resilience and by extension on what it means in practice for
such a region to be drought resilient. As such, a practical field problem arises. In the absence of strong
scientific guidance, stakeholders with an interest in regional drought management, i.e. policy makers
within municipalities, safety regions, water boards and provinces or consultants from consultancy and
engineering firms, tend to have deviating and/or incomprehensive ideas on what it means to be(come)
resilient to droughts as a region. This challenges these policy makers to design and test comprehensive
(sets of) policies for drought management from a drought resilience building perspective.

1.4. Research objective
In order to reduce the identified field problem, a comprehensive assessment framework consisting of
relevant elements towards regional drought resilience is to be designed. This framework can serve as
an indicative tool for (drought) policy makers to guide them in finding the required focal points for
(improved) drought management and conduct ex-ante policy assessments. As such, the main research
objective for this study is as follows:

‘Design an assessment framework that provides a comprehensive understanding of the drought
resilience of a region as a tool to guide drought management policies.’

To reach this objective, design science methodology (i.e. van Aken (2013))is employed, structured by
the Design Cycle from Wieringa (2014). The main objective is obtained through several sub-objectives:

1. Investigate the current state of resilience assessment frameworks for regional drought
resilience.
1.1. Synthesise literature on drought resilience.
1.2. Synthesize literature on resilience assessment frameworks.
1.3. Develop a set of design requirements for the to-be-designed assessment framework.
2. Design a framework which is suitable for assessment of drought resilience of a region.
2.1. Identify the most relevant existing RAF to adopt as theoretical base.
2.2. Adapt the existing RAF such that it complies with the design requirements
2.3. Formulate a procedure-of-use for the designed assessment framework.
3. Validate the designed assessment framework
3.1. Conduct a case study and assess the drought resilience in that region
3.2. Conduct an evaluation based on the gained experience

1.5. Research scope
This study focuses on the design of an assessment framework for drought resilience of a historically
water-rich and affluent region, such as a region in the Netherlands. This assessment framework is not
designed for a specific target group, i.e. a water board or municipality, but instead for generic audience
of stakeholders with an interest in drought management of a region. Examples of such stakeholders
could be policy makers within municipalities, safety regions, water boards and provinces, but could
also be consultants from engineering firms.

The employed design methodology consists of several distinct phases, being the problem investigation
phase, the design phase, the validation phase, the implementation phase and the evaluation phase
(Wieringa, 2014). However, only the first three phases (which are collectively called the ‘Design Cycle’)
are conducted in this study, as this research’s objective is to design an assessment framework and not
to implement it.
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As part of the framework’s validation, it is partially applied in a case study in the Dutch region of
Twente. Twente has been chosen as it is a region that is profoundly vulnerable to droughts, following
its high sandy soil profile and the absence of options to direct water from the Dutch national water
network (Dutch: Rijkshoofdwaternet) towards a significant part of the region (Honing et al., 2023; Van
den Eertwegh et al., 2021). To conduct this case study, relevant sectors and stakeholders for the
drought resilience of Twente are identified. All these sectors and stakeholders have participated in the
case study, giving the case study a broad backing. However, the scope for the case study is to test
framework design and this study does not intend to conduct and present a full assessment of Twente’s
drought resilience. The case study results presented in this report will therefor also be only of
indicative nature and most focus will be on the case study process.

For this study, the main type of drought that is considered is a meteorological drought, which in
essence is a precipitation deficit (Wilhite & Glantz, 1985). However, as a meteorological drought can
(indirectly) result in agricultural, hydrological and socioeconomic droughts (Wilhite & Glantz, 1985),
these can be seen as potential ‘effects’ from the meteorological drought and are thereby also
considered, albeit inexplicably. The assessment framework assesses the drought policy domain as well
as the physical domain. In this, it is assumed that for many aspects, the physical domain can be
influenced through drought policies.

1.6. Report outline
This report is structured into 7 chapters and slightly deviates from the ‘traditional’ report structure of
introduction = method chapter = results chapter = discussion and conclusions. After this
introductory chapter, the second chapter explains the research method as it is applied in this study.
Thereafter, the results of each phase of the design methodology are presented in separate chapters.
The third chapter investigates the problem, leading to design requirements. Thereafter, a design for
the assessment framework for drought resilience of a region is proposed in the fourth chapter, based
on an existing RAF. In the fifth chapter, the designed assessment framework is partially validated
through a case study in the Dutch region of Twente. The research method and its results are discussed
in the sixth chapter, after which in the seventh chapter final conclusions are drawn and
recommendations for further research are proposed. See Figure 2 for a schematisation of this outline.

Chapter 2 Chapter 3 Chapter 4 Chapter 5 Chapter 6 Chapter 7
Problem ) . . . Conclusion and
Research method . L Design phase Validation phase Discussions .
investigation phase recommendations

Figure 2 Schematisation of the report outline.
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2. Research method

This chapter describes the design science methodology that is employed in this study. First, the design
science methodology itself is introduced. In the subsequent sections, there is elaborated on the
specific methods employed per phase of the study.

2.1. Design Science as overarching research method

This research addresses a field problem. To overcome a field problem, a method founded in design
science is especially useful (van Aken, 2004). The value of design science lays in that it produces a
solution concept that can address the field problem not only for one specific case, but which can be
generalized to other cases as well (idem.). Hence, design-science research is used to achieve this
research’s (sub)objective(s). To structure such a design research, Wieringa (2014) developed the
Engineering Cycle. In this Engineering Cycle, several distinct phases are followed in an iterative manner
during the development of the design (Wieringa, 2014). The cycle starts with a Problem investigation
Phase (Phase A) where the field problem’s context is investigated and design requirements for a
solution are formulated. Based thereupon, a first design is developed in the Design Phase (Phase B).
Next, this design is validated in the Validation Phase (Phase C). After validation, the cycle returns to
Phase A until the design meets the design criteria to a satisfactory level. Afterwards, it can be
implemented in practice, i.e. by its prospective users (Phase D). As last step in the cycle, the design is
evaluated based on its performance during implementation (Phase E). Afterwards, the cycle is started
again to further improve the design.

This study follows the first three phases of the Engineering Cycle, which combined are also called the
Design Cycle (Wieringa, 2014). In Phase A, literature studies are conducted on drought resilience and
resilience assessment frameworks, which are synthesized into design requirements. In Phase B, a first
design of the assessment framework is developed. For this there is built upon the existing base of
literature, through the identification of one existing RAF that can be used as a theoretical base for the
to-be-designed assessment framework for regional drought resilience. Based on a verification of this
existing RAF against the design requirements, necessary adaptations are identified and incorporated
into the design of the assessment framework. In Phase C, the designed assessment framework is
partially applied in a case study in the Dutch region of Twente. Employing the gained experiences from
the case study, the framework is (partially) validated with an evaluation against the design
requirements. The proposed overall research method is visualized in Figure 3. The black and dotted
elements indicate the parts of the Engineering Cycle that are not part of this study, while the blue are.

PhasesD and E Phase A
» Part of Engineering Cycle, not of Design Cycle » DroughtResilience
» Outside of the scope ofthisstudy 7777777777777 ] ~ Resilience Assessment Frameworks
! _Phase E: . Liamomamssseeanicas, » Designrequirements
i Design Evaluation BRI
D L
- g _»‘ Phase A:
""" gProbIem Investigation
Phase D: 1 .
Implementation | { Phase B
e : » ldentification of existing RAF as theoretical base
) J N, » Verification of identified existing RAF
Phase C » Adaptexisting RAF
» Conducta case studyinTwente Ehasels < Ehase . » Formulation of recommended procedure-of-use
Design Validation Design ¥
» Evaluate framework's performance ofthe designed assessment framework

Figure 3 Visualisation of the overarching research method, adapted from the Design Cycle Approach by Wieringa (2014).
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2.2. Problem investigation phase
In the sections below, specific methods employed in the problem investigation phase are described.

2.2.1. Regional Drought Resilience

A literature study was conducted on the concept of resilience. The aim of this literature study was to
identify what the key-elements are of a ‘resilient region’. As a starting point of this literature study,
the Google Scholar search engine was used, with simple search terms such as ‘review resilience’,
‘review (regional) drought resilience’ and ‘what is regional drought resilience?’. In addition, review
studies on resilience literature were searched through the Scopus search engine, with similar search
terms. This way, several relevant review studies were identified providing information on how
resilience is understood in different perspectives and how that translates to the drought resilience of
a region. The information from these review studies has been synthesized to come to a delineation
and definition of a drought resilient region.

2.2.2. Resilience Assessment Frameworks

A literature study was conducted on the benefits of resilience assessment and how this assessment of
the resilience of a certain entity, i.e. a region, can then be conducted. For this, there was made use of
the Scopus search engine with ‘Resilience Assessment Frameworks’ as search term and ‘review’ as
document type. In addition, the Google Scholar search engine was used with search terms such as ‘why
conduct resilience assessment?’ or ‘benefits of resilience assessments’. Several relevant studies were
identified providing information on the potential reasons for resilience assessments and the different
ways resilience can be assessed. The information from these studies has been synthesized.

2.2.3. Design Requirements for a Regional Drought Resilience Assessment
Framework

A first understanding on what is required to have a ‘good’ RAF was already established in the previous
literature studies into regional drought resilience and into why it is relevant to assess resilience and
how this assessment can be conducted. To further this first understanding, a literature study was
conducted on what makes a ‘good’ resilience assessment framework. Based thereupon, design
requirements could be drafted. During this literature study, it was identified that a key-element for
any ‘good’ RAF is the incorporation of knowledge-coproduction, both in its design as well as in its
application. An existing study was identified that paid specific attention to the role of knowledge-
coproduction in the design and application of indicator-based assessment frameworks, of which a RAF
could be an example. This study proposed a set of six general design requirements. To come from these
general design requirements for indicator-based frameworks to more specific and applicable design
requirements to achieve the theoretically ‘ideal’ assessment framework for drought resilience of a
relatively water-rich and affluent region, further literature study has been conducted. For this, an
iterative approach was carried out using the reference lists of articles to find additional relevant
literature, starting with the previously mentioned study. In addition, the Reference-function in the
query-string of the Scopus search-engine was used to find more recent articles referencing useful
literature with additional insights. By applying this approach, a broad array of literature has been found
and scanned in a relatively time-efficient manner. This resulted in a set of theoretical requirements for
both the design and implementation of an assessment framework for drought resilience of a relatively
water-rich and affluent region.
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2.3. Design phase
In the sections below, specific methods employed in the design phase are described.

2.3.1. Identification of the most relevant existing RAF to use as theoretical base of

the to-be-designed assessment framework for regional drought resilience
There is a significant pool of various existing RAFs. Even though there is no readily available RAF for
the drought resilience of a relatively water-rich and affluent region, it is assumed that there can be
drawn from existing RAFs to use as (theoretical) base of the to be designed assessment framework.
especially holds for the more general theory on the resilience of a region, being considered a complex
SES, as well as for the structure of the RAF. If this is indeed the case, the required design-time can be
shortened. In order to identify the potentially relevant RAFs to use as (theoretical) base of the to-be-
designed assessment framework, a literature study was conducted on existing RAFs. In this literature
study, an inventory was made of RAFs that state they could (also) assess for drought. This literature
study was firstly based on four recent review studies of RAFs that had already been identified in the
earlier literature study on RAFs. This way, a first set of six potentially relevant RAFs to use as the
theoretical base were identified. Thereafter, an additional literature study was conducted to identify
any missing potentially relevant RAFs. This entailed a search through the search engines of Scopus and
Google Scholar, using identifiers “‘resilien*’ AND ‘drought’ AND ‘framework’” or switching ‘framework’
for ‘index’, and looking at the most recent 100 results in both search engines. This way, two additional
potential candidate frameworks were identified. These eight potential candidate frameworks have
been compared based on how well they incorporated a comprehensive perspective on the (drought)
resilience of a region. Based on this comparison, one existing RAF has been identified as being the most
relevant to use as (theoretical) base for the to be designed assessment framework: the Resilience
Diagnostic Tool (RDT) by Wardekker et al. (2020).

2.3.2. Verification of the RDT on the design requirements

To identify the points of attention in which the RDT needs adaptation, the researcher qualitatively
verified to what extent the RDT already complies with the developed set of design requirements. This
verification was conducted using the six general design criteria: credibility, legitimacy, salience,
visualisation, context of use, and flexibility. The verification is guided by the specific design
requirements, but these are not separately verified. The verification was informed by the journal
article that presented the RDT (Wardekker et al., 2020) including its supplementary data, as well as the
articles building up to the RDT (Wardekker, 2018; Wardekker et al., 2010, 2016). Moreover, a very brief
literature study was conducted to find already existing reviews or critiques of the RDT. For this the
Scopus search engine was used, in which Wardekker et al. (2020) was put in the Reference-function of
the query-string. However, no reviews or critiques were found this way. The verification resulted in a
list of main points of improvement for the RDT to better comply with the design requirements.

2.3.3. Adaptations to the RDT based on its verification
Based on the points of improvement arisen from its verification, the RDT is adapted. For most points,
the adaptations were quite straightforward. However, two adaptations need further explanation.

- Especially the adaptation of the indicators to suit the regional drought resilience context was
more complicated. To make these adaptations, there was made use of a review of pertinent
literature. To do this, three different approaches have been used. The first was an iterative
approach, using (the reference lists of) previously found assessment frameworks as starting
points. Several thus found resilience frameworks held a richness of general indicators that also
hold for regional drought resilience (apart from several useful indicators from the RDT itself,
alsoi.e. Urquijjo et al. (2017) formed an important source). Secondly, in the Scopus and Google
Scholar search engines, search terms similar to ‘How to measure/quantify/operationalize
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Operationalisation X’ (with ‘X’ being one of the operationalisations) were used to identify
indicators for specific operationalised principles. Thirdly, using the Google search engine
statistical and census data were pinpointed to identify which public data was easily available.
These were thereafter compared with census-based resilience measurement literature (i.e.
Cutter et al., 2010; Lee & Yoo, 2021; Meza et al., 2019; Milman & Short, 2008; van Ginkel et
al., 2018) to find those available indicators which are known to affect (drought) resilience
either positively or negatively.

- Toachieve an improved visualisation method of the assessment results, a brief literature study
on existing RAFs was conducted as inspiration on the types of information that are deemed
useful for policy makers and how these are visualised. For this, the found RAFs in the problem
investigation phase of this study were revisited. No additional RAFs were sought.

2.3.4. The designed regional drought resilience assessment framework
Based on the adaptations to the RDT, a design for the regional drought resilience assessment
framework is proposed, including a recommended procedure-of-use. This is in essence a synthesis of
the previous sections and the recommended procedure-of-use includes four distinct phases:
preparation phase (before the assessment), conduction phase (the actual assessment), follow-up
phase (translating the assessment results into new policies) and an optional ex-ante policy evaluation
(to evaluate the effects of a specific potential policy on the region’s drought resilience).

2.4.Validation phase; Application in Twente
In the sections below, specific methods employed in the validation phase are described.

2.4.1. Applying the framework in a case study in Twente
The case study only included the preparatory phase and the assessment conduction phase, while
omitting the follow-up phase of the recommended procedure-of-use. An ex-ante policy evaluation was
also not conducted. Moreover, as the designed assessment framework is rather extensive, it was not
viable to conduct a case study applying the full framework. Hence, it was decided that only one phase
of the framework would be put to the test. For no specific reason, the Absorb-phase was chosen.

2.4.1.1. Preparation phase
As first preparatory step in the case study, a document analysis was conducted to achieve improved
overview of the Twente region and how drought is currently managed within Twente. For this, policy
and evaluation documents on water and drought management from regional stakeholders were used,
such as from the Safety Region Twente, the water board Vechtstromen and the province Overijssel.

As second preparatory step in the case study, an overview of relevant stakeholders that should be
considered when drafting drought management policies was created. For this study, ‘relevant
stakeholders’ are considered as being a stakeholder or a sector of stakeholders that is or should be
involved in (policy development for) water and drought management practices within the region,
either as a direct decision maker or as an indirect sounding board. To obtain a general overview of who
such relevant stakeholders are, the researcher participated in an expert workshop which had the aim
to identify stakeholders and sectors that should participate in issues concerning drought and water
use conflicts in Germany!. The workshop concluded that discussions on drought management policies

! The researcher participated in a two-day workshop organised by the Ecologic Institute and the BMUV (the
German Federal Ministry for Environment, Nature Conservation and Nuclear Safety) in Berlin in November 2022.
The workshop was called the Wasserverfligbarkeit und Wassernutzungskonflikte in Deutschland:
Klimawandelfolgen und Losungsstrategien and was part of the German WADKIlim-project (funded by the German
Environment Agency UBA) which focusses on drought and water use conflicts in Germany. In this workshop a
significant number of stakeholders from the German water management domain participated and one of the
aims was to identify the sectors and types of stakeholders that should participate in drought management issues.
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should not only include the governmental column, but also the drinking water company, nature
management sector, industry and economy, and the agricultural sector. Thereafter the identified
relevant sectors and types of stakeholders have been specified into the relevant stakeholders with
knowledge of the drought management practices within the Twente region. To do so, there was made
use of the previously conducted document analysis on drought management in Twente. In addition,
there was made use of the extensive overview of stakeholders involved in water management in the
neighbouring Salland region (which is a result of an ongoing PhD research project on the link between
water management and climate adaptation in the region of Salland). This overview of relevant
stakeholders in the Twente region served as starting point to find interviewees.

As third preparatory step in the case study, data availability was researched to find out which indicators
of the Absorb-phase could be assessed in a quantitative manner using credible open data sources, and
for which indicators input from regional experts was required. For this, the Google search engine was
used, with simple search terms where the specific indicator and “Twente” were put together.
Moreover, the Dutch governmental Bureau of Statistics (CBS) was scanned to find relevant statistics.

2.4.1.2. Assessment conduction phase
For the indicators that could be assessed through credible open data sources, specific scoring
mechanisms were set op based on the specifics of the available data. In Appendix B these scoring
mechanisms are presented. Interviews with regional experts from relevant stakeholders were used for
the other indicators. Based on the overview of relevant stakeholders in the Twente region,
interviewees within these stakeholders were sought. For their identification, there was made use of
snowball sampling, sending requests for referrals to designated contact persons of the stakeholders
and checking social media accounts of the stakeholders (i.e. LinkedIn). Based thereupon, twenty
interviews took place. Nineteen of these are included in the results of the case study. One interview
turned out to be with someone who had insufficient knowledge to assess the indicators, but did have
useful referrals. An overview of the interview participants is presented in Table 1. All interviewees had
significant professional experience in functions related to drought or resilience within their own sector.

Table 1 Overview of interviewed stakeholders in the case study.

#  Stakeholder (governments) ‘ #  Stakeholder type (non-governments)

11 Waterboard Vechtstromen 112 Drinking water company Vitens

12 Province Overijssel 113 Nature management organisation 1

13 Rijkswaterstaat Oost 114 Nature management organisation 2

14 Safety Region Twente 115 Interest group industry and economy 1
15 Fire brigade Twente 116 Interest group industry and economy 2
16 Municipality Enschede 117 Industry party with significant water use
17 Municipality Hellendoorn 118 Interest group for agriculture 1

18 Municipality Hengelo 119 Interest group for agriculture 2

19 Municipality Oldenzaal

110 Municipality Rijssen-Holten

111 Municipality Wierden

The specific background of the interviewee was used to decide which indicators would be discussed
during the interview. An overview of relevant stakeholders per indicator as applied in the case study
is presented in Appendix B. All interviews lasted approximately one hour, were held in Dutch and were
recorded for later transcription. At the start of each interview a short presentation by the researcher
gave some background on the study and explained an overview of the designed assessment framework
to provide interviewees a better idea of what types of information they were asked to provide and in
what manner. Thereafter a discussion was held per selected indicator to provide these types of
information.
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Once all interviews were conducted and quantitative indicators were scored, the results were
processed. To do so, the structured assessment method and the structured visualization method as
described in Section 4.3 were applied.

2.4.2. Validation phase; Lessons learned from application

Based on the experience gained in applying the framework in a case study as validation, lessons
learned for the framework and its application are formulated through a self-evaluation by the author.
For this, there is made use of the earlier developed set of design requirements. The evaluation is done
through qualitatively assessing each of the general design criteria based on how the framework was
applied in the case study. The evaluation is guided by the specified design requirements, but these are
not separately assessed. This results in an overview of points in which the designed assessment
framework is already strong, and where it can or should be improved, both for the framework’s
content, as well as for the process of application. Moreover, points that require further research are
thusly identified. For each of the general design requirements, a final score for the assessment is given.
These are either ‘not met’, ‘mostly not met’, ‘partially met’, ‘mostly met’, or ‘met’.
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3. Results Problem Investigation Phase

In the section below, the results of the problem investigation are presented. This is the first phase of
the design cycle. It aims to obtain an improved oversight on what (regional drought) resilience is and
why an assessment framework for the drought resilience of a region has to be designed. Additionally,
based on this investigation it is illuminated how this designed assessment framework should look like.

3.1. Regional Drought Resilience

‘Resilience’ is a broad and complex term. Especially in the past decades, the topic of ‘resilience’ has
seen a significant rise in interest within the academic world (Mujjuni et al., 2021; Sharifi, 2016).
However, despite this increased study on the topic, or perhaps because of it, consensus on a
harmonized understanding and definition of the concept is still absent (Brand & Jax, 2007; Hosseini et
al., 2016; Meerow et al., 2016; Mujjuni et al., 2021) and it’s understanding changed significantly over
time (Manyena et al., 2019; Mujjuni et al., 2021). In the 1910s resilience was understood as the ability
of an object to persist and maintain function during a disturbance (Schlink, 1919). During the 1970s,
this understanding changed towards resilience being the ability of an entity to absorb changing
conditions (Holling, 1973). Thereafter, the understanding of resilience further changed into the ability
of something, i.e. an object, community or system, to prevent, anticipate, cope, bounce back from,
learn from and transform after a disturbance (Manyena et al., 2019). In the present, several distinct
perspectives exist on what ‘resilience’ entails, and the specific definition of resilience is highly subject
to these perspectives and the context in which it is applied (Kim & Lim, 2016). In an engineering
perspective, resilience is about resisting the disturbance while retaining functionality as much as
possible and about returning to one singular steady state as quickly as possible (Kim & Lim, 2016). Yet,
in an ecological perspective, multiple steady states can occur, and resilience is more about the
capabilities of a system to reorganize and absorb a disturbance (idem.). In an evolutionary or ecological
system perspective, the notion of a steady state is absent (idem.) and socioecological resilience relates
to the capacity of the socioecological system (SES) to achieve quasi-stationary equilibria in which the
system shows recovery to the original state in the short-term, but in the long-term can continuously
change, adapt and improve based on human agency and system intervention through i.e. policy
development in response to (undesired) disturbances (Folke et al., 2016; Nelson et al., 2007). This
adaptive capacity for SES includes the capability of human systems (opposed to i.e. ecological systems)
to anticipate and prepare for disturbances (Davoudi et al., 2013). In addition to the different
perspectives, the definition of resilience is often strictly suited to the system and disturbance at hand
(Buyukozkan et al., 2022; Kim & Lim, 2016).

To include resilience building as key-element in drought policy development, an understanding of
drought resilience for a region should first be achieved and defined (Tasan-Kok et al., 2013). There can
be drawn from existing scientific literature to do so, as common patterns can be observed within the
diverging perspectives on and definitions of ‘resilience’. Functional definitions of resilience (what does
it do?) dominate literature, opposed to ontological definitions (what is it?) (Mujjuni et al., 2021). Such
a functional definition incorporates a set of capacities a system can have, demonstrating the different
temporal phases of a disturbance to the system (Mujjuni et al., 2021). The core capacities in resilience
literature are ‘preparedness’, ‘absorption’, ‘recovery’, ‘adaptability’ (Linkov et al., 2014), which can be
increased through the five major forms of capital, being social, economic, physical, human, and natural
capital (Mayunga, 2007). The manner in which these capacities act throughout the phases of the
disturbance determine the resilience process (see Figure 4) and the impact of the disturbance on the
system (Linkov et al., 2014; Mujjuni et al., 2021).

In this study, a region is regarded as an adaptive and complex SES, in which urban and rural contexts
are combined and where social, economic, ecological, political, technological, and physical
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components are strongly interlinked (Petrosillo et al.,, 2018). To come to a definition for drought
resilience of such a region, different resilience perspectives are integrated. The definition that is used
in this study entails a quick recovery from a disturbance to the desired state (engineering resilience),
the ability to absorb and persist the disturbance (ecological resilience) and the ability of an SES to
prepare before and adapt and improve after a disturbance has passed (socioecological resilience):

‘Regional Drought Resilience entails the region’s ability to prepare for, absorb, recover from,
and adapt after drought-induced effects in a timely manner, for both the region’s urban and rural
context, and its social, economic, ecological, cultural, political, technological and physical components.’

[
>

Prepare

Systern funtionalities based
on Resilience level

k

Time

Figure 4 The resilience process of a system, adapted from Linkov et al. (2014, p. 407).

3.2. Resilience Assessment Frameworks
Simultaneously with the rise in interest in the concept of resilience of the academic world, also the
interest in ways to assess the resilience of an entity rose (Sharifi, 2016). Through a resilience
assessment, understanding of ways to improve the resilience of a system to a certain hazard can be
harvested through assessing certain system characteristics (Quinlan et al., 2016; Sharifi, 2016; Tong,
2021). Reasons for conducting resilience assessment or measurement include but are not limited to
benchmarking performance (the current ‘resilience status’, or resilience maturity level) of systems with
discussions and lesson-drawing between system-stakeholders as a consequence (Arbon et al., 2014),
as an (indicative) ex-ante decision support system which can help identifying vulnerable areas that
need to be strengthened (Frankenberger et al., 2013) or prioritized when allocating limited resources
(Khazai et al., 2015; Sellberg et al., 2015), and as an (indicative) ex-post decision support systems which
can aid organizations that have previously undertaken resilience and/or disaster risk reduction
activities to monitor the effectiveness of these activities (Khazai et al., 2015; Renschler et al., 2010). In
the past two decades, a wide range of tools have been developed to operationalize the complex term
of ‘resilience’ (as shown in reviews by Schipper and Langston (2015), Sharifi (2016) and Tong (2021)).

These frameworks can be broadly divided into resilience measurement frameworks and resilience
assessment frameworks (Levine, 2014; Quinlan et al., 2016; Wardekker et al., 2020). In brief, resilience
measurement frameworks try to quantify the resilience of a certain entity through simplified
quantifiable models or indices, while resilience assessment frameworks focus on increasing the
understanding of a system and its dynamics relevant to resilience through either solely qualitative
assessment, or through a combination of quantitative and qualitative assessments (idem.). Resilience
measurement tools have the advantage of high precision (if transparently designed and applied),
repeatability and easy connection with policy tools such as cost benefit analyses, but the disadvantage
of (the risk of) oversimplification to a narrow set of indicators and to only those elements of a system
that are easy to quantify (i.e. over-dependency on census data) (Wardekker et al., 2020). Resilience
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assessment tools have the advantage of promoting learning while conducting the assessment,
providing a broader view on the relevant dynamics of the system, and maintaining a richer information
base in the process, yet have the disadvantage that results are often less clear for decision makers and
could take significantly longer than the measurement tools to conduct (Wardekker et al., 2020). Both
types of tools typically employ indicators to come to assessment/measurement results (Tong, 2021).
These indicators can be more abstract and kept in theory (i.e. the resilience principles are the
indicators), or more operationalised (specific indicators providing information on what a resilience
principle means in practice).

RAFs typically differ in their (Tong, 2021):

- Topic (what is assessed to what type(s) of disturbance);

- Spatial scale (i.e. district, city, region, country, community);

- Territory of assessment (i.e. coastal, fluvial, mountains, non-specific);

- Characteristics of assessment (which resilience capacities and/or principles are considered, i.e.
preparedness, absorption, recovery, adaptation);

- Dimensions of assessment (i.e. the included domains, i.e. social, economy, ecology);

- The applied methods for information gathering and assessment (qualitative, quantitative, or
mixed methods, i.e. document analyses, surveys, interviews, workshops, or a Delphi method).

3.3. Design requirements

Knowledge co-production and stakeholder participation have an important role in both the process of
development of a RAF as well as in the process of its implementation (Sharifi, 2016; Singletary et al.,
2022; Staron et al., 2015). A set of six general design requirements for indicator-based assessment
framework, such as a RAF, has been identified by Vargas-Farias (2019). This set focusses on the
important role of knowledge co-production in such frameworks. It has been used in this study as a
frame with scientific footing to structure specific design requirements that ensure the quality and
uptake (i.e. potential usage in policy development) of the (to-be-designed) resilience assessment
framework. This set stipulates that there should be 1) credibility, 2) legitimacy, and 3) salience of the
framework elements and the assessment procedure within the framework, 4) proper visualisation of
the framework and its assessment results, 5) proper incorporation of the framework within its context
of use, and 6) a proper level of flexibility in the framework (Vargas-Farias, 2019). In practice, there are
often trade-offs between the first three general design requirements credibility, legitimacy and
salience (Cash et al., 2003; Lehtonen, 2015). This holds especially true for assessment frameworks
targeting early science-policy dialogues such as for ex ante policy evaluations where stakeholders from
different domains are brought together (Cash et al., 2003). Consequentially, focus should not lie on
one specific criterium, as it is of importance that a balance between them remains. In the sections
below, a line of argumentation is discussed leading to the specific design requirements for an
assessment framework for drought resilience of a region, based on the set of six general indicators by
Vargas-Farias (2019).

3.3.1.Credibility

For the assessment framework to be credible, stakeholders should perceive the framework elements
and the knowledge based thereupon as meeting their standards of scientific plausibility and technical
adequacy (Cash et al., 2003; Jensen & Wu, 2018). For this, each assessment framework element should
be coherent with scientific literature on drought resilience for a region (OECD, 2008; Sharifi, 2016) and
the assessment framework as a whole should be comprehensive enough to accurately represent this
scientific literature with an integrative vision (Cash et al., 2003; Jensen & Wu, 2018). The data on which
the assessment is based and informs the framework elements (i.e. the indicators) should come from a
source that is trusted (Cash et al., 2003; Jensen & Wu, 2018) and be produced sufficiently recently, i.e.
no older than five years (Jensen & Wu, 2018; OECD, 2008; UN-Water, 2006).
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3.3.2.Legitimacy

The assessment framework needs legitimacy if it is to be accepted by stakeholders (Cash et al., 2003;
Jensen & Wu, 2018). This is largely a function of the process of framework development. Legitimacy
describes ‘how “fair” an information producing process is and whether it considers appropriate values,
concerns, and perspectives’ (Cash et al., 2003, p. 2). For this to be true, first of all the assessment
procedure and the relationships between framework elements should be transparent and
understandable for an audience with little to no experience in resilience theory (Jensen & Wu, 2018;
Staron et al., 2015; UN-Water, 2006; Zakkar & Sedig, 2017). Moreover, during the development of the
assessment framework, a representative sample of the relevant regional stakeholders should be
included such that their different perspectives are incorporated (Cash et al., 2003; Dunn & Bakker,
2009; Sullivan, 2002). In addition, the relevant regional stakeholders should agree upon the score-
thresholds of the framework elements as well as on their relative importance or weighting (idem.).

3.3.3.Salience

Salience relates to the relevance and usability of the framework to the relevant regional stakeholders,
i.e. the framework’s end-users (Cash et al., 2003). For the framework to have ‘relevance’, the
framework elements used to assess the drought resilience of the region should first of all be relevant
to the region’s specific context (Dunn & Bakker, 2009; OECD, 2003; van Beek & Arriens, 2016). Water
availability for industry could for example be highly relevant in one region, while being less relevant in
another region. The same holds for salt water intrusion. Moreover, the data that populates the
framework elements should be according to the appropriate spatial scale and the region’s specific
context (Cash et al., 2003; Jensen & Wu, 2018). For the framework to have ‘usability’, both the
procedure of implementation of the assessment framework should be workable and the assessment
results should have utility (Cash et al., 2003). For the prior, the framework elements as well as the
assessment procedure should be self-explanatory and simple to understand and interpret for an
audience with little to no experience in resilience theory (OECD, 2008). Moreover, the data that is used
for the assessment should be easily accessible through publicly available data or at a reasonable
cost/benefit ratio (Dunn & Bakker, 2009; Jensen & Wu, 2018; van Beek & Arriens, 2016). For the latter,
the framework should be able to provide concrete The assessment results should provide concrete
guidance on the current state of drought resilience in the region, what the bottlenecks are and how
these can be improved (Khazai et al., 2015; Quinlan et al., 2016; Staron et al., 2015). In addition, the
utility of the assessment results increases when the assessment procedure produces a combination of
quantitative information for a quick overview of assessment results and more in-depth qualitative
information (Hunt & Watkiss, 2011; Sharifi, 2016; Singletary et al., 2022; Staron et al., 2015). This as
some stakeholders may i.e. need only a quick overview of the assessment results, while others require
in-depth information with concrete guidance. Furthermore, when the aim of the assessment
framework is policy development, it is highly relevant for the framework to be able to assess the effect
of policy interventions on the current state of the drought resilience in the region (Ferraro, 2009;
Wardekker et al., 2016). Simultaneously, foreseen developments, i.e. current or upcoming policies not
yet in full effect, or ongoing societal shifts, can have an effect on the current state of drought resilience
of the region. As a form of counterfactual thinking, it is highly relevant that the framework can reflect
on such foreseen developments affecting the current state of the drought resilience in the region if no
further policy interventions are implemented (Ferraro, 2009; OECD, 2003).

3.3.4. Visualisation
Communicating the assessment framework and its results to the relevant regional stakeholders can be
difficult, due to the inherent complexity of the resilience-related scientific literature and the diversity
of stakeholders and their differing needs (Staron et al., 2015; Zakkar & Sedig, 2017). As the significant
amount of information contained in the assessment can easily be lost in transmittance (Hoekstra et
al., 2018; Sharifi, 2016), proper visualisation of both the framework’s analytical base and its results are
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key to prevent information loss (Hoekstra et al., 2018; Staron et al., 2015). Proper visualisation also
enables the framework to be engageable for stakeholders leading to improved uptake of the results in
policy development (Voinov et al., 2016) as well as provide improved learning among stakeholders
(Zakkar & Sedig, 2017). To accommodate this ‘proper’ visualisation, the visualisation of the assessment
framework and its results should first of all be able to visualize the large amounts of information that
make the assessment framework credible, legitimate and salient (Hoekstra et al., 2018; Staron et al.,
2015; Voinov et al., 2016; Zakkar & Sedig, 2017). These assessment results have to be presented in
such a way that it provides inspiriting guidance for policy development (Sharifi, 2016), but is not
overwhelming for the readers (Staron et al., 2015; Zakkar & Sedig, 2017).

3.3.5. Context of Use
Conducting a resilience assessment will have little to no use if it is not properly incorporated in its
context of use, enabling a direct link of the assessment results to the policy development (Jensen &
Wu, 2018; Sharifi, 2016). In order to create this link between the assessment and policy development,
the end-users’ ownership of the assessment framework should be created (Lang et al., 2012; Sharifi,
2016). To do so, these end-users should not only be considered for, but also be part of the
development of the assessment process (Bremer et al., 2022; Hegger et al., 2012; Lang et al., 2012).
Thereafter, the users of the framework should develop action plans informed by the assessment
results that are directly linked to the policy development and decision-making process (Sharifi, 2016).

3.3.6. Flexibility
As no two regions are identical, the potential value of the assessment framework and its results
decreases if the framework is overly stiff (Sharifi, 2016). In order to remain sufficiently flexible, several
aspects are important to be accommodated. First of all, the relevant regional stakeholders will differ
on a case-to-case basis and additional stakeholders may be identified during the assessment
procedure. The framework should be flexible enough to accommodate this (Bressers et al., 2016).
Secondly, the properties of framework elements (i.e. relative importance, accessible data sources,
score-thresholds) vary based on the demands of the region’s specific context and new information that
arises during the assessment procedure may inform required adaptations to these properties. The
framework should be flexible enough to accommodate this (Bressers et al., 2016; Constas et al., 2022).

3.3.7. Overview of design requirements
Table 2 presents an overview of the — in total 24 — thusly identified specific design requirements.

Table 2 Design requirements for indicator-based resilience assessment frameworks, including key references.

General design Specific design requirement Key references

requirement
Credibility

Each framework element is coherent with scientific literature on | (OECD, 2008; Sharifi, 2016)

drought resilience for a region.
The assessment framework as a whole is comprehensive enough | (Cash etal., 2003; Jensen &
to accurately and integratedly represent drought resilience. Bty

Data informing framework elements comes from trusted sources. | (Cash etal., 2003; Jensen &
Wu, 2018)

Data informing framework elements is updated regularly or from | (Jensen & Wu, 2018; OECD,
a sufficiently recent source, i.e. no older than five years. BN o)
Uncertainty of the assessment results is incorporated in the | (Carstensen & Lindegarth,

assessment procedure. 20 IMElo A p I sneta
2022; Stoessel, 1994)
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General design
requirement
Legitimacy

Salience

Visualisation

Context of Use

Flexibility

Specific design requirement

The assessment procedure and the relationships between
framework elements is transparent and understandable for an
audience with little to no experience in resilience theory.

There is a representative sample of relevant regional stakeholders
included in the development of the combined set of indicators.
The score-thresholds of the different framework elements is
agreed upon by the relevant regional stakeholders.

Key references

(Jensen & Wu, 2018; Staron
et al., 2015; UN-Water, 2006;
Zakkar & Sedig, 2017)

(Cash et al., 2003; Dunn &
Bakker, 2009; Sullivan, 2002)

(Cash et al., 2003; Dunn &
Bakker, 2009; Sullivan, 2002)

The relative importance of framework elements is agreed upon by
the relevant regional stakeholders.
Framework elements are relevant to the region’s specific context

(Cash et al., 2003; Dunn &
Bakker, 2009; Sullivan, 2002)

(Dunn & Bakker, 2009;
OECD, 2003; van Beek &
Arriens, 2016)

Framework elements are populated with data according to the
selected spatial scale and the region’s specific context

(Cash et al., 2003; Jensen &
Wu, 2018)

Framework elements and the assessment procedure are self-
explanatory and simple to understand and interpret for an
audience with little to no experience in resilience theory.

Data for framework elements is easily accessible through publicly
available data or at reasonable cost/benefit ratio

The assessment results should provide concrete guidance on the
current state of drought resilience in the region, what the
bottlenecks are and how these can be improved.

The assessment procedure produces a combination of
quantitative information providing a quick overview of
assessment results and more in-depth qualitative information.

(OECD, 2008)

(Dunn & Bakker, 2009;
Jensen & Wu, 2018; van
Beek & Arriens, 2016)
(Khazai et al., 2015; Quinlan
et al.,, 2016; Staron et al.,
2015)

(Hunt & Watkiss, 2011;
Sharifi, 2016; Singletary et
al., 2022; Staron et al., 2015)

The assessment framework should be able to assess the effect of
policy interventions on the current state of framework elements
The assessment framework should be able to reflect on the
expected effects of the foreseen developments affecting the
current state of the framework elements

The assessment framework visualises the significant amounts of
information as required for the framework to be credible,
legitimate and salient.

The framework presents information in an inspiriting manner.
The framework presents information in a manner that is not
overwhelming.

The end-user(s) are not only considered for, but also part of the
development of the assessment framework.

The output of the framework is linked with the rest of the policy
decision making process to make action plans.

The relevant regional stakeholders are determined on a case-to-
case bases and remain flexible during the assessment procedure
to accommodate new information.

The properties of the framework elements (i.e. relative
importance, accessible data sources, score-thresholds) should be
determined on a case-to-case basis and remain flexible during the
assessment procedure to accommodate new information.

(Ferraro, 2009; Wardekker et
al., 2016)

(Ferraro, 2009; OECD, 2003)

(Hoekstra et al., 2018; Staron
et al., 2015; Voinov et al.,
2016; Zakkar & Sedig, 2017)

(Sharifi, 2016)

(Staron et al., 2015; Zakkar &
Sedig, 2017)

(Bremer et al., 2022; Hegger
etal, 2012; Lang et al.,
2012)

(Sharifi, 2016)

(Bressers et al., 2016)

(Bressers et al., 2016;
Constas et al., 2022)
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4. Results Design phase

In the sections below, the results of the Design phase are presented. This is the second phase of the
design cycle. It aims to identify an existing RAF to use as base for the to-be-designed assessment
framework for regional drought resilience. This existing RAF is then verified based on the design
requirements, after which points of improvement are drafted. Based on these points, adaptations to
the RAF are made. In the end of this chapter, the design is presented, including a recommended
procedure-of-use to ensure high quality assessment results.

4.1. |dentification of the most relevant existing RAF to use as theoretical base for

the to-be-designed assessment framework for regional drought resilience

In total, eight existing RAFs have been identified as being potentially relevant to use as a (theoretical)
base of the to-be-designed assessment framework for regional drought resilience. In four recent
review studies on resilience assessment frameworks (Blylikézkan et al., 2022; Schipper & Langston,
2015; Sharifi, 2016; Tong, 2021), only six (out of +/- 80) different RAFs were identified that mentioned
they could also assess for drought resilience (Joerin et al., 2014; Labaka et al., 2019; Oriangi et al.,
2020; Siebeneck et al., 2015; UNDP, 2014; Wardekker et al., 2020). However, only one of these, the
Community Based Resilience Analysis (CoBRA) conceptual framework by the United Nations
Development Programme, or the UNDP, has a specific focus on drought (UNDP, 2014). By conducting
the additional literature study, two additional potentially relevant RAFs were identified. These are the
(unnamed) drought resilience measurement framework by Lee and Yoo (2021) and the Composite
Index for Disaster Resilience by Cutter et al. (2010). The eight thusly found frameworks are presented
in Table 3, including a comparison on their resulting product type, their resilience type, resilience
definition, the respective hazard for which they were developed, and the included resilience process
phases from Linkov et al. (2014). Based on the comparison, only the Climate Disaster Resilience Index
(CDRI) by Joerin et al. (2014), the Smart Mature Resilience Maturity Model (SMM MM) by Labaka et
al. (2019) and the Resilience Diagnostic Tool (RDT) by Wardekker et al. (2020) include all the required
resilience phases Linkov et al. (2014) and therefore have a usable theoretical footing. These three RAFs
also include rich stakeholder-based information, opposed to the high dependency on rather bleak
census data such as the Composite Index (Cutter et al., 2010) and the Natural Hazard Community
Resilience Framework (Siebeneck et al., 2015). However, only the SMM MM (Labaka et al., 2019) and
RDT (Wardekker et al., 2020) are RAFs able to process complex regional SESs opposed to household or
community resilience of the other frameworks. When taking a more detailed look into the background
of both the SMM MM and RDT, it becomes clear that the RDT was constructed with a firmer footing in
a more comprehensive combination of literary strands on system resilience. The different resilience
phases are better represented by the RDT than by the SMM MM, even though both include all phases.
From the rationale above, it was concluded that the RDT is the most relevant framework to consider
as base for a regional drought resilience assessment framework.
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Table 3 Overview of relevant frameworks found in literature. Res. = Resilience. Possible resilience phases taken from Tong (2021), being Prepare, Absorb, Recover, Adapt, and Transform.

Framework  Source Product type Resilience definition Focus area Res. phases
Composite Index @ (Cutter Comparative measurement tool with list of 36 | Communit = “Resilience is as a set of capacities that can be fostered through = Unspecified Prepare, Absorb,
for Disaster | et al.,, | relevant census indicators for quantitative y/ Social interventions and policies, which in turn help build and enhance | disasters Recover
Resilience 2010) measurement in an American context a community’s ability to respond and recover from disasters”

UN CoBRA | (UNDP, Methodological framework in the extreme | Communit | None specified. Food  scarcity @ Absorb, Recovery
Framework 2014) drought and poverty context of the Horn of | y/ Social due to extreme
Africa drought
Climate Disaster | (Joerin Absolute assessment tool with 125 indicators = Communit = “The resilience of an urban community depends on its capacity = Natural hazards, = Prepare, Absorb,
Resilience Index et al, for general community resilience, based on | y/ Social to create the ideal environment, which is most capable of | incl. drought Recovery, Adapt
2014) survey results, in an Indian context minimising the probability of shocks and has the greatest ability
to respond to disaster situations.
Natural Hazard | (Sieben Comparative measurement tool with list of 25 | Communit | None specified. Natural hazards, | Absorb, Recovery,
Community eck et | relevant census indicators for quantitative @ y/ Social incl. drought
Resilience al., measurement in a Thai context
Framework 2015)
Smart Mature | (Labaka | Absolute assessment tool in the form of a = Urban/SES | “The ability of a city or urban region to resist, absorb, adapt to = Policymaking Prepare, Absorb,
Resilience et al, maturity model over four dimensions, and recover from acute shocks and chronic stresses to keep @ for flood and Recover, Adapt
Maturity Model 2019) focussing on resilience building in a Spanish critical services functioning, and to monitor and learn from on- | drought
context going processes through city and cross-regional collaboration,
to increase adaptive abilities and strengthen preparedness by
anticipating and appropriately responding to future challenges”
Resilience (Wardek | Absolute multi-layered assessment tool @ Urban/ “A resilient system can tolerate disturbances (events and @ Policymaking Prepare, Absorb,
Diagnostic Tool ker et | operationalizing a comprehensive literary | SES trends) through characteristics or measures that limit their | for climate = Recover, Adapt
al,, database on complex socioecological urban impacts, by reducing or counteracting the damage and | change hazards,
2020) system resilience through semi-quantitative disruption, and allow the system to respond, recover, and adapt | incl. drought
indicators, also enabling some ex-ante policy quickly to such disturbances.”
evaluation, in a western urban context
Household (Oriangi | Absolute measurement tool based on a list of | Househol “Household resilience is the capacity of a household to prepare, | Flood and Prepare, Absorb,
Resilience et al, 9 indicators, including census and perceived | d/ Social recover and adapt or change its source of income or livelihood | drought Recover
Framework 2020) likelihood survey data, In the context of if needed when faced with climate change shocks and stresses”
Uganda.
Drought (Lee & | Comparative measurement tool with 29 | Communit | None specified. Drought Prepare, Absorb,
Resilience Yoo, (semi-)quantitative indicators in the context | y/ Social Recovery
Framework 2021) of South Korea.
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4.2 Verification of the RDT
The RDT is first briefly explained. Thereafter, the verification results of the RDT are discussed.

4.2.1. Explanation of the RDT

Wardekker et al. (2020) have developed the RDT as a diagnostic tool to support policymaking which
promotes resilience of a complex socioecological urban system to different climate change related
disturbances. It ‘diagnoses choices made in resilience-building, making them transparent and explicit,
and facilitates reflection on their consequences and consistency between goals and means’ (Wardekker
et al.,, 2020, p2). As such, it was specifically developed to be able to conduct assessments of the broad
governance system, incorporating policies, strategies, measures, and institutional contexts in the
realm of resilience. The RDT was designed and validated using several case studies concerning urban
flood resilience. These case studies were the outer-dike areas of the Dutch municipality of Rotterdam
(Wardekker et al., 2010), a wetland area within the Dutch Vechtstreek (Wardekker et al., 2016) and
the Dutch municipality of Rotterdam as a whole (Wardekker et al., 2020). The RDT is constructed using
four different layers which are linked with each other in a tree-structure. The most generic layer (Layer
1, Phases) consists of the four broad, temporal phases of a disturbance on the system, akin to the
phases from Linkov et al. (2014). These are then further elaborated into a set of ten general resilience
principles (or characteristics) valid for a regional system as the second more specified layer (Layer 2,
General Resilience Principles). These general resilience principles are further detailed using a total of
34 operationalized principles (Layer 3, Operationalised Principles), as Wardekker et al. (2020) named
them. However, this layer is in fact not yet an actual operationalization of the principles and only a
mere direction towards such an operationalization, which could harbour confusion by the potential
framework-users. Despite this non-intuitive labelling of this third layer, the terminology remains in this
thesis due to coherence with pertinent literature. In order to actually assess the resilience of a given
region, concrete indicators were defined for all specified principles (Layer 4, Indicators). This fourth
layer is specific for a certain disturbance. The above is visualised in Figure 5. During an assessment
cycle of the RDT, only the indicators (Layer 4) are directly scored through a 5-point Likert-scale. The
indicators are then given a relative weighting compared to the other indicators under the overlaying
resilience operationalisation (Layer 3). Thereafter, the indicator scores are summed to produce an
indirect score for these overlaying resilience operationalisation (Layer 3). Similarly, the resilience
operationalisations are given a relative weighting, producing indirect scores for the resilience
principles (Layer 2) and in turn the resilience phases (Layer 1). A singular resilience score of the region
is not obtained through the RDT.

Coez ] [ e ] [
R

Resilience Operafionalisation Resilience Indicator

Resilience Principle

Resilience Indicator

Ab[Resi lience Operafionalisation Resilience Indicator
—»| Resilience phase —— —
—»

Resilience Operational salion]—b i

Resilience of a region

Resilience Principle

Figure 5 Tree-structure of the RDT by Wardekker et al. (2020).
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4.2.2. Verification of the RDT
In the sections below, the verification of the RDT on the design requirements is discussed per general
design requirement. Thereafter, an overview of the found points of improvement is presented.
Between brackets, the identified points of improvement are numbers (with C = credibility, L =
Legitimacy, S = Salience, V = Visualisation, CoU = Context of Use, and F = Flexibility).

Credibility

The RDT is constructed through a very broad and comprehensive scientific literature study, combining
different perspectives with the aim of assessing the resilience of a SES. In the RDT, the first three layers
(Resilience phases, Resilience principles and Resilience operationalisations) are for unspecified climate
related disturbances to a complex SES. These are seen as highly credible, also in the context of regional
drought resilience. The fourth layer (indicators) is however developed for a specific disturbance. As the
RDT was validated using several case studies concerning urban flood resilience, the set of indicators in
the RDT is also specific for urban flood resilience and not aligned with scientific literature on drought
resilience. As such, especially the fourth layer should be adapted to suit the context of drought
resilience for the framework to be credible (C1). Furthermore, in all case studies on which the RDT (or
its forebears) was applied, there was made use of regional experts (i.e. in-depth interviews,
workshops). Even though this unavoidably bears some subjectivity, regional experts are seen as a
trusted data source. Lastly, uncertainty is not accounted for in the RDT, decreasing its credibility (C2).

Legitimacy

In the case study conducted by Wardekker et al. (2020), stakeholders perceived the layered structure
approach as beneficial for their understanding of resilience, which resulted in a high transparency of
the framework, aiding in its legitimacy. Simultaneously, in the discussion of that same case study, it
was stated that several specific operationalisations were very similar. This had a negative effect on the
perceived complexity of the RDT by the case study participants and thus on its legitimacy (L1).
Representative samples of the relevant regional stakeholders are included in the development of the
framework elements through the different case studies of (the forebears of) the RDT, finetuning the
contents with each round. However, as the indicators (Layer 4) will be largely adapted as they are for
the most part not relevant for regional drought resilience, no representative sample has been included
in the development of the indicators for Layer 4 (L2). Lastly, during the case studies of the RDT, the
score-thresholds as well as the relative importance of the different framework elements are discussed
and agreed upon during workshop sessions with a representative sample of relevant regional
stakeholders, improving the legitimacy of the assessment procedure.

Salience

Firstly, in the assessment procedure of the RDT, the framework elements are provided with a relative
weighting. This provides an opportunity to ensure that all framework elements are relevant to the
region’s specific context improving the frameworks salience, as the irrelevant elements can be given a
relative weighting of nil. Similarly, the data that populates the framework elements are selected on a
case-to-case basis, with mostly regional experts as source, improving salience of the used data.
Whether or not this form of data gathering is considered to be at a reasonable cost/benefit ratio largely
depends on the available resources of the study. Secondly, during the case study of the RDT in
Wardekker et al. (2020), the participating stakeholders had difficulties understanding (the underlying
resilience theory of) the RDT, needing significant explanation thereupon. As such, it is concluded that
the framework itself was not sufficiently self-explanatory for the audience and the theory should be
better explained within the framework (S1). Additionally, in the case studies it proved laborious to
refer to certain framework elements, both during the assessment as well as in the text. This
complicated the assessment procedure, negatively impacting the salience (S2). Moreover, even though
in the case study in Wardekker et al. (2020) the score-thresholds as well as the relative importance of
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the different framework elements are discussed and agreed upon during workshop sessions, no
guidance is given as to how this should be done, nor on how an outcome of this could look like. As
such, these elements of the assessment procedure are not self-explanatory (S3, S4). Thirdly, the RDT
does provide concrete guidance on the current state of (flood) resilience in the region, what the
bottlenecks are and how these can be improved. This is done through a combination of radar diagrams
with quantitative results and textual clarification for each framework elements on its bottlenecks.
Similarly, the RDT has shown in the different case studies that it is able to assess the effects of policy
interventions on the current state of framework elements. However, in none of the case studies it has
shown to be able to reflect on foreseen developments affecting the current state of the framework
elements. As such, this is an uncertain factor for the framework’s salience (S5).

Visualisation

The RDT visualised its results through radar diagrams and accompanying textual clarification
(Wardekker et al., 2020). However, especially the textual clarification is not clearly structurally
incorporated in the assessment procedure, potentially leaving only the radar diagrams as result
visualisation. A radar diagram in itself is a good tool to visualize a relatively small amount of
guantitative information in a simple manner for a diverse audience (Sharifi, 2016). However, having
solely this one radar diagram as visualization of the assessment results insufficiently captures the
richness of information that is accumulated by applying the framework. Hence, a more structured and
extensive approach for the visualisation of the assessment results should be formulated (V1). Missing
types of information that should be visualised are the relative importance of framework elements,
data sources, uncertainty in assessment results and a reflection on the foreseen development affecting
the current state of the framework elements.

Context of Use

As the incorporation of a RAF in its context of use is highly specific to that RAF, potential points of
improvement for the RDT in this regard will not inform the incorporation of a newly designed RAF, i.e.
the regional drought resilience assessment framework, in its context of use in any way. As such, the
verification of the RDT on its incorporation into its context of use is left out of this study.

Flexibility

The relevant regional stakeholders during the case studies of the RDT were determined on a case-to-
case basis and involved in the assessment procedure accordingly, which is positive for the flexibility.
The case studies did not provide information on the flexibility of the RDT’s assessment procedure in
involving additional stakeholders if new information identified additional relevant regional
stakeholders. As such, this is an uncertain factor for the framework’s flexibility. Similarly, the properties
of the framework elements (i.e. relative importance, accessible data sources, score-thresholds) are
determined on a case-to-case basis and can therefore be considered to be flexible. However, again no
information is provided on the extent the assessment procedure can accommodate new information
on these properties, making it an additional uncertain factor for the framework’s flexibility. Moreover,
the framework’s users have flexibility in their way of data gathering, dependent on their available
resources. However, it would be better if these users are provided with guidance as to what a certain
availability of resources means for possible assessment approaches (F1).

Overview of RDTs main points of improvement
Based on the sections above, eleven points of improvements for the RDT have been formulated based
on the six general design requirements. An overview of these is presented in Table 4.
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Table 4 Points of improvement of the RDT by Wardekker et al. (2020) based on verification against design requirements.

# ‘ Points of improvement of the RDT per general design requirement
C1 | Adapt Layer 4 (Indicators) such that it is comprehensive for the regional drought resilience
context.

Cc2 Incorporate uncertainty in the assessment results.

L1 Combine operationalisations with significant overlap to reduce frameworks’ complexity.

L2 Include a representative sample of relevant regional stakeholders in the development of the
combined set of indicators in the context of regional drought resilience.

S1 To make the framework elements more self-explanatory, their definitions should become more
understandable for an audience with little experience in resilience theory.

S2 Simplify referencing to specific framework elements.

S3 To make the assessment procedure more self-explanatory, guidance should be provided on
setting up the score-thresholds of the different framework elements.

S4 | To make the assessment procedure more self-explanatory, guidance should be provided on
defining the relative importance of the different framework elements.

S5 Information should be gathered to reflect on the foreseen developments affecting the current
state of the framework elements.

V1 | Formulate a more structured and extensive approach for the visualisation of the assessment
results that harbours the significant base of information from the assessment procedure.
Missing types of information that should be visualised are the relative importance of framework
elements, data sources, uncertainty in assessment results and a reflection on the foreseen
development affecting the current state of the framework elements.

CoU | None identified.

F1 Guidance should be provided as to what different availability of resources means for possible
assessment approaches

4.3. Adaptations to the RDT based on its verification; Towards a design of the

regional drought resilience assessment framework

In the text below, the adaptations of the original RDT towards the design of the regional drought
resilience assessment framework are discussed. This covers the following aspects: adaptations to the
layered structure and its contents, inclusion of a coding system for easier referencing of specific
framework components, formulation of a structured assessment method, and formulation of a
structured visualisation method of framework results. In the text, there is referred to specific points of
improvement for the credibility (C), Legitimacy (L), Salience (S), Visualisation (V), Context of Use (CoU)
and Flexibility (F) from the previously discussed verification of RDT. At the end of this section, an
overview is provided of which points of improvement of the RDT are covered by these adaptations.

4.3.1. Adaptations to the layered structure and its contents
In the case study conducted by Wardekker et al. (2020), stakeholders perceived the layered structure
approach as beneficial for their personal understanding of resilience and resulted in a high
transparency of the framework, aiding in its /egitimacy. Hence, the layered structure of design is
identical to the RDT, with the layers being Phases (Layer 1), Principles (Layer 2), Operationalisations
(Layer 3) and Indicators (Layer 4). The content of Layer 1 and Layer 2 also remained identical to the
RDT and only some relatively small adaptations were made to Layer 3, i.e. phrasing or combining some
operationalisations that were overlapping to reduce complexity (L1). This way, the total number of
operationalisations reduced from 35 in the RDT to 31 in the designed regional drought resilience
assessment framework. A significant number of the indicators (Layer 4) proposed by the RDT were
however specific for urban flood resilience and were as such inadequate for the context of regional
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drought resilience. As such, Layer 4 was significantly adapted and filled with drought-related indicators
(C1). Through a review of pertinent literature, a total of 85 substantive indicators for regional drought
resilience were developed, with 1 to 5 underlying indicators for each resilience operationalisation
(Layer 3). To make the framework more self-explanatory, each of these indicators is transformed into
a statement including an explanation on (the relevancy of) the indicator, such that the framework’s
users don’t need to be experts in the field of resilience (S1).

4.3.2. Inclusion of a coding system for specific framework elements
For easier reference to specific framework elements (S2), each element has been given a four-digit
code (i.e. [1234] or [ABCD]). The four digits relate to the four layers of the framework, i.e. the first digit
relates to a specific phase from Layer 1, while the third digit relates to a specific operationalisation
from Layer 3. See also Figure 6.

D: D'th Indicator within

o B: B'th Principle within C: C'th Operationalisation . ; y
AcAth Phase A'th Phase within B'th Principle within C'th Operationalisation
A'th Phase within B'th Principle within
‘ A'th Phase
[
Yy ¥ ¥
[ A B C D]

Figure 6 Visualisation of the codes for framework components.

4.3.3. Formulation of a structured assessment method
The original RDT did not give guidelines on how the different indicators should be assessed and scored
and what types of information are required by the framework. The information for each of the
indicators is gathered through three different types of knowledge:

1. Anumerical score on the current state of the indicator within the region to obtain a direct and
clear insight on which indicators really deserve attention.

2. A textual clarification on the current state including what is already happening regarding the
specific indicator and what the current bottlenecks and areas for improvement are.

3. An indication on the expected effect of foreseen developments on the current state of the
indicator, including some reasoning (S5). Such developments can i.e. be existing policies that
currently are not yet fully executed, upcoming policies, societal shifts or otherwise deviations
from the current situation. This impact can be either negative (“-1”, leading to a “-“), neutral
(“0”, leading to a “0”), or positive (“+1”, leading to a “+”

With regards to the final scores of the indicative expected effect of foreseen developments on the
current state of an indicator, the scores of the combined sources of that indicator are averaged (i.e.
three interviewees expect a positive effect and two expect a neutral effect, leads to an average

expected effect ofw = 40.6). Thereafter, the following holds:

Final score Indicative Ef fect Foreseen Developments "x" (—, 0, +):
Average Score x < —0.5 - x ="-",else if
Average Score — 0.5 < "x" < +0.5 = "0", else if
Average score "x" = +0.5="+".

Furthermore, uncertainty in the assessment results should be accounted for (€C2). As such, the standard
deviations are to be calculated for the numerical scores of framework elements, as well as of the
indication on the expected effect of foreseen developments on the current state of the framework
elements. These standard deviations are dependent on the number of sources on which the scores are
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based (i.e. number of expert interviews or publicly available sources). Moreover, some guidance for
pathways under different resource availabilities is given in a recommended procedure-of-use that
accompanies the framework itself (F1).

4.3.4. Formulation of a structured visualisation and reporting method for assessment
results

A structured visualisation method of the framework results has been formulated (V1). Based on the
brief literature study on the types of information that are deemed useful for policy makers and how
these are visualized, several techniques with significant benefit for visualisation are identified. These
are among others the use of radar diagrams and colouring schemes (Bachmair et al., 2016; Buitenhuis
et al., 2020; Cutter et al., 2010; Gupta et al., 2010; Joerin et al., 2014; Khazai et al., 2015; Sharifi, 2016;
van Ginkel et al., 2018) and having a multi-layered results section with a layer where the reader can
get a quick overview and when interest is sparked, an explanatory layer with more in-depth knowledge
on the most important bottlenecks and points of improvement (Bressers et al., 2016; Buitenhuis et al.,
2020; Hunt & Watkiss, 2011; Villamayor-Tomas, 2018). In addition, to increase the transparency and
thus legitimacy of the framework results, also the relative weights of each indicator, the indicator
assessment methods and its sources should be presented (Eraydin, 2016; Kammouh et al., 2019;
Karamouz et al., 2016), as well as the standard deviations and the number of scores that form the
eventual average scores in the framework should be presented (Cutter et al., 2010; Eraydin, 2016;
Karamouz et al., 2016; Khatibi et al., 2019; Nemec et al., 2014).

With this in mind, the structured visualization method of framework results prescribes that there
should be three types of result visualisation, with increasing levels of detail:

1. Radar diagrams are presented for the different framework layers. These radar diagrams will give
the reader a first quick overview of the current state and bring focus points. The radar diagrams
should include the following information: (Code of) the framework element, Average score of that
element including its standard deviation, and the impact of the foreseen changes (+, o, or -). The
radar diagrams for the resilience phase and resilience principle layer show their complete layer.
For the operationalization phase and indicator phase, the radar diagrams would become too
complex if they were to combine all scores. Hence, for full implementation of the framework, these
would get subdivided radar diagrams per resilience phase. This results in having ten radar
diagrams: one showing the results of the resilience phase layer, one showing the results of the
resilience principle layer, four showing the results of the resilience operationalization layer (one
per resilience phase), and four showing the results of the resilience indicator layers (one per
resilience phase).

2. The indicator layer is presented in a Dashboard Table. In addition to the radar diagrams, these
Dashboard Tables will also have an intuitive coloured scheme (with red = poor/negative, yellow =
average/neutral and green = good/positive) for the average score and if applicable (i.e. when
assessed through interviews) the standard deviation and the number of received scores on which
the average current score is based, as well as for the impact of foreseen developments on the
current score of the indicator. The relative weighting should also be presented in this Dashboard
Table. These Dashboard Tables give better insight in how the radar diagrams are constructed and
provides further clarity on which indicators are already well-performing and which need attention.

3. A Textual Indicator Assessment Report is provided for each assessed indicator. Here, the
bottlenecks and points of improvement for each indicator are summarized to provide the policy
makers with concrete guidance on how the indicators can be improved. Additionally, the reasoning
behind the foreseen impacts of current developments on the current state of indicators are
discussed here.
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4.3.5. Feedback to RDT’s points of improvement
Through the adaptations described above, most of the RDT’s points of improvement as identified in its
verification are covered in the new designed regional drought resilience assessment framework. An
overview of these is presented in Table 6.

Table 5 Covered points of improvement for the RDT based on incorporated adaptations.

Point of improvement of the RDT  Covered?

Cl1 | Yes
C2 | Yes
L1 | Yes
L2 | No
S1 | Yes
S2 | Yes
S3 | No
S4 | No
S5 | Yes
V1 | Yes
F1l | Yes

4.4.The designed regional drought resilience assessment framework and how to
apply it
A design of the assessment framework for regional drought resilience has been developed, including
a recommended procedure of use. First, the designed assessment itself is further presented.
Thereafter, the recommended procedure-of-use for the assessment framework is elaborated upon.

4.4.1. The designed assessment framework
In Figure 7, the tree-structure of the different layers of the resulting regional drought resilience
assessment framework are schematised. It shows the four layers: 1) phase; 2) principle; 3)
operationalization; 4) indicator.

Paints of improvements ]

—b[ Resilience Indicatorn.1.1.1 Gurrent score (1-5 scale) ]

Resilience Forsssen impacts of curent devslopments |

_\ Operationalisation n.1.1 ]

Points of improvements
Resilience Principle Resilience Indicator n.1.1.2 Current score (1-5 scale)
ni
Foreseen impacis of current developments
Aesience Resilience Indicator n.1.2.1
Operaticnalisation n.1.2 e

Resilience
Operaticnalisation n.2.1 e

Resilience phase n ——

Regional Resilience to Drought

Resilience Principle
n2

v

Figure 7 Tree-structure of the design of the Assessment Framework for Regional Drought Resilience.

The thusly designed regional drought resilience assessment framework is presented in Table 6.
Appendix A presents the framework including explanations as to why each indicator is relevant to
consider for the drought resilience to a region. These explanations can be used during implementation.
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Table 6 The design of the assessment framework for the drought resilience of a region, with different colours (blue, green, yellow and orange) representing the differing resilience phases.

Phase

Principle

Operationalisation

Indicators

Key references

[1100] Anticipation and
Foresight

[1110] Building
knowledge regional
drought vulnerability

[1120] Continuous
monitoring of slow
variables

[1130] Information
management and
sharing

[1111] Existence of regional climate scenarios

[1112] Assessment of regional drought vulnerability

[1121] Continuous monitoring of environmental factors
[1122] Continuous monitoring of human factors

[1123] Continuous monitoring and evaluation for drought-protective infrastructure
[1131] Access of institutions to scientific information and data relating to droughts

[1132] Effective mechanisms for (drought) information storage and sharing are present
[1133] Presence of platforms of exchange among drought-related actors

(Godschalk, 2003; Gunderson, 2009; Lu & Stead, 2013)

(Cutter et al., 2008; Davoudi et al., 2013; Linkov et al., 2014; Lu
& Stead, 2013; Tyler & Moench, 2012)

(Godschalk, 2003)

(Carpenter et al., 2001)
(Gober et al., 2016)

(Chelleri et al., 2015; Davoudi et al., 2013; Lu & Stead, 2013)

(Gupta et al., 2010; Moench, 2014; Pahl-Wostl, 2007; Tyler &
Moench, 2012)

(Pahl-Wostl, 2007)
(Moench, 2014; van den Brink et al., 2014)

[1200] Preparedness and Planning
Ahead

[1210] Public
awareness, risk
communication,
education and training

[1220] Response and
emergency
management

[1230] Preparedness of
drought prone
economic sector for
adverse events

[1211] Credible and correct drought information is disclosed via various channels

[1212] Educating the public with guidance documents to minimize impact of drought
hazards

[1213] Develop drought risk communication strategies for affected stakeholders through
targeted campaigns

information

[1222] Presence of drought hazard guidance documents for the authorities

[1223] Presence of reliable drought early warning systems

[1231] Information on drought-related risks is available for drought prone economic
sectors

[1232] Presence of exchange networks for drought prone economic sectors

[1233] Drought is factored in the business practice of drought prone economic sectors
[1234] Drought prone economic sectors have drought insurance

(Lu & Stead, 2013; Schipper & Langston, 2015)
(Gupta et al., 2010; Norris et al., 2008; Schipper & Langston,
2015)

(Norris et al., 2008)

(ARUP, 2014; Norris et al., 2008)

(Raadgever et al., 2018)
(Raadgever et al., 2018; Sharafi et al., 2020; Wilhite, 2002)

(Godschalk, 2003; Orhan, 2016)

(Lonsdale et al., 2010; Sutton & Tierney, 2006)
(Lonsdale et al., 2010; Orhan, 2016; Sutton & Tierney, 2006)
(Khatibi et al., 2019; Meza et al., 2019)

[1300] Homeostasis

[1310] Preservation and
restoration of
regulating ecosystem
services

[1311] Policies are in place for natural areas and ecosystem conservation

[1312] Ecosystem services are valuated in drought policies based on their ecological,
socio-cultural and economic value

[1313] Policies are in place to create or increase urban greenery

(Biggs et al., 2012; Orimoloye et al., 2021)

(Biggs et al., 2012; Sekercioglu, 2010; Small et al., 2017)

(Biggs et al., 2012; Wardekker et al., 2010)

[1320] Integrated
planning, coordination
and collaboration

[1330] Inclusiveness
and equity standards

[1321] Human resources in drought management are adequate

[1322] Integrating drought management in other policy domains is mainstreamed

[1323] There are sufficient bridging mechanisms between drought management and
other policy domains

[1331] Support of government authorities for vulnerable population is adequate and
aims at social equity

[1332] There is an appropriate level of transparency and accountability in policy-making

processes

(Urquijo et al., 2017; Wilhite, 2002)

(ARUP, 2014; Runhaar et al., 2009; Smit & Wandel, 2006;
Uittenbroek et al., 2013)

(Kern et al., 2019; Raadgever et al., 2018)

(Norris et al., 2008; Tyler & Moench, 2012; Zarafshani et al.,
2016)

(Folke, 2006; Gupta et al., 2010; Lebel et al., 2006; van den
Brink et al., 2014)
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Phase

Principle

Operationalisation

Indicators

Key references

[1333] Ex-ante policy assessments with a focus on the distributional consequences is
appropriately mainstreamed

(Adger et al., 2005; Helming et al., 2011)

[1340] Clearly defined
stakeholder
responsibilities

[1341] Responsibility for drought management is legally and clearly defined

[1342] The definition of responsibilities in drought management is sufficiently
transparent

[1343] Stakeholders are sufficiently aware of their responsibilities and roles in drought
management

(Gupta et al., 2010; Raadgever et al., 2018; van den Brink et al.,
2014)

(de Bruijn, 2004; Raadgever et al., 2018)

(Bruneau et al., 2003; Gupta et al., 2010; van den Brink et al.,
2014)

[1350] Quick
notification of
disturbances

[1351] Information on (oncoming) droughts can be gathered in a timely manner
[1352] Drought information dissemination to relevant stakeholders has an appropriate
rapidity

(Lu & Stead, 2013; Raadgever et al., 2018; Wilhite et al., 2014)

(Lu & Stead, 2013; Raadgever et al., 2018; Wilhite et al., 2014)

[2100] Robustness and Buffering

[2110] Measures and
installations towards
low water demand

[2111] There is sufficient presence of (structural) measures and installations to decrease
water demand

[2112] There is a functioning process of periodical assessment and improvement of
present (structural) measures and installation to reduce water demand

(Crossman, 2018; Mens, 2015)

(Cutter et al., 2013; Mens, 2015)

[2120] Creating buffer
capacities

[2121] The baseline water stress during a dry year is absent

[2122] Sustainable water storage capacity exceeds demand under drought conditions

[2123] The regional water sources are sufficient quality

[2124] There is a sufficiently large regional financial buffer

(Meza et al., 2019; van Ginkel et al., 2018)
(Crossman, 2018; Mens, 2015)

(Meza et al., 2019; van Ginkel et al., 2018)
(Cutter et al., 2010; Meza et al., 2019)

[2130] Impact and risk
reducing spatial
planning and planning
practice

[2131] Drought risk is sufficiently embedded in spatial planning

[2132] There is sufficient attention to drought and its effects in laws and regulations

[2133] Drought resilience is actively and sufficiently incorporated in nature management
strategies
[2134] The region has (a high percentage of areas with) permeable soils

(Godschalk, 2003; Hoa & Vinh, 2018; Tyler & Moench, 2012)
(Fu & Tang, 2013; Godschalk, 2003)

(Fu & Tang, 2013; Kooyers, 2015)

(Debusk & Wynn, 2011; Kavdir et al., 2014)

[2200] Redundancy

[2210] Institutional
redundancy with
overlapping functions
and roles

[2211] Presence of a multilevel polycentric drought governance system

[2212] The regional drought governance system is well-coordinated

(Aligica & Tarko, 2012; Biggs et al., 2012; Brédy et al., 2018;
Carlisle & Gruby, 2019; Nelson et al., 2007; Pahl-Wostl et al.,
2020; Villamayor-Tomas, 2018)

Morisson et al. 2023, Pahl-Wostl and Knieper 2023]

[2220] Technological
redundancy in
important functions
and services

[2221] There is a sufficient level of redundancy mechanisms for and in drought-sensitive
critical infrastructure and networks

[2222] There is a sufficient level of redundancy within ecosystem services

(Tyler & Moench, 2012)

(Orimoloye et al., 2021; Sekercioglu, 2010; Turkelboom et al.,
2013)

[2230] Compart-
mentalization and
modularity

[2231] There is a sufficient level of institutional modularity (self-reliance) of parties
within the drought governance system to decrease or prevent high-risk cascading effects
between parties

[2232] There is a sufficient level of compartmentalization within drought-sensitive
critical infrastructure to avoid cascading drought effects

(Biggs et al., 2012; Tyler & Moench, 2012)

(Biggs et al., 2012; Tyler & Moench, 2012)
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Phase

[3000] Recover

Principle

[2300] Diversity

[3100] Flatness

[3200] High Flux

Operationalisation

[2310] Functional
diversity

[2320] Economic
diversity

[2330] Institutional
diversity

[3110] Institutional
decentralization and
autonomy

[3120] Broad and
inclusive stakeholder
participation

[3130] Room for
autonomous change

[3210] Availability of
and access to resources

[3220] Social,
institutional and

Indicators
[2311] The water supply portfolio has a sufficient level of diversification

[2312] There is a sufficient level of spatial distribution of drought-sensitive critical
infrastructure, industry and services across the region

[2321] There is a low regional economic dependency on sectors vulnerable to drought

[2322] There is a sufficient level of economic diversity within sectors vulnerable to
drought

[2331] There is a just level of institutional disciplinary variety within the drought
governance system

[2332] There is an appropriate level of institutional managerial disparity within the
drought governance system

[2333] There is an appropriate level of institutional balance within the drought
governance system

[2334] There is sufficient presence of effective drought-centred partnerships and
platforms for sectoral and cross-sectoral networking between different stakeholder
groups

[3111] Local and regional governing bodies have appropriate legal capabilities to make
autonomous decisions, authorize plans and legislate tailor-made policies and measures

[3112] Local and regional governing bodies have sufficient financial independence

[3121] Non-governmental stakeholders are sufficiently and actively involved from an
early stage in policy-making for drought

[3123] There is a high societal trust in governing authorities

[3131] Drought prone economic sectors are sufficiently guided autonomous drought
adaptation

[3132] The public has sufficient guidance on how to mitigate drought impacts through
small-scale measures on private property

[3133] The public has sufficient opportunity to form legal voluntary organizations for
small-scale autonomous projects

[3211] The mechanisms for financial support after drought-induced damages are
sufficiently swift to apply for

[3213] The mechanisms providing supportive resources and assistance to vulnerable
population in drought-struck areas are sufficiently swift

[3214] The influence of corruption is negligible in regional drought management

[3221] There is sufficient presence of partnerships and networks with an explicit role for
the drought context

Key references

(Gonzales & Ajami, 2019; Tran et al., 2023)

(Edwards et al., 2019; Pahl-Wostl, 2007; Tyler & Moench, 2012)

(Coulson et al., 2020; Cutter et al., 2010; Meza et al., 2019)

(Swarnam et al., 2018; Tamburini et al., 2020)

(Biggs et al., 2012; Folke et al., 2005; Grét-Regamey et al., 2019;
Urquijo et al., 2017)

(Edwards et al., 2019; Pahl-Wostl, 2007; Tyler & Moench, 2012)
(Stirling, 2007)

(ARUP, 2014; Folke et al., 2005)

(Biggs et al., 2012; Lebel et al., 2006; Raadgever et al., 2018;
Tanner et al., 2009)

(Knlppe & Pahl-Wostl, 2013; Lebel et al., 2006)

(ARUP, 2014; Biggs et al., 2012; van den Brink et al., 2014;
Wardekker et al., 2010)

(Brown, 2022; Wheeler et al., 2017)

(Schelfaut et al., 2011; Tuihedur Rahman et al., 2021;
Wardekker et al., 2010)

(Schelfaut et al., 2011; Tuihedur Rahman et al., 2021;
Wardekker et al., 2010)

(Tyler & Moench, 2012)
(ARUP, 2014; Tyler & Moench, 2012; van den Brink et al., 2014)
(Godschalk, 2003)

(Brown, 2022; Meza et al., 2019)

(Biggs et al., 2012; Norris et al., 2008; Tyler & Moench, 2012;
van den Brink et al., 2014)

Page | 28



Phase

[4000] Adapt

Principle

[4100] Learning and Reflectivity

[4200] Flexibility

Operationalisation

environmental
networks

[3230] Having options
for flexibility in
response

[4110] Capacity to
reflect and learn from
past experiences in
drought management
policy

[4120] Experimentation
and innovation

[4210] Institutional
flexibility

[4220] Flexibility in
spatial planning

[4230] Flexibility in
measures

Indicators

[3222] There is a sufficient level of social cohesion within and between communities

[3223] Governing authorities sufficiently and actively aim to improve social networks
within and between communities

[3224] Environmental areas have a sufficiently high connectivity

[3231] The human resources within the drought governance system can cope with
changing conditions sufficiently well

[4111] Lessons learnt from previous drought hazards are comprehensively formulated
and documented in accessible reports

[4112] The performance of drought management plans and strategies are continuously
evaluated and lessons learnt are formulated in accessible reports

[4113] Emerging drought management research is continuously monitored to learn
lessons from

[4114] Learning outputs continuously inform drought management policy changes,
plans, strategies and standards

[4121] There are sufficient opportunities for safe-failure of experiments in order to
innovate in alternative approaches and policy designs

[4122] Drought management policies are informed by innovations in alternative
approaches and policy designs

[4211] There is sufficient flexibility in the organizational structure of the drought
governance system

[4212] There is sufficient flexibility in the content agenda of the drought governance
system

[4213] There is sufficient flexibility in the processes within the drought governance
system

[4221] Spatial planning is sufficiently flexible to accommodate adaptations based on new
insights

[4222] Convertibility is sufficiently integrated in the strategic design of the urban
environment

[4231] No- and low-regret measures are sufficiently employed in drought adaptation

[4232] Long-term effects of measures are sufficiently well considered and prevented

Key references

(de Bruijn, 2004; Folke, 2006; Norris et al., 2008)

(Biggs et al., 2012; Norris et al., 2008; Tyler & Moench, 2012;
van den Brink et al., 2014)

(Biggs et al., 2012; Folke, 2006; Gunderson, 2009; Holling, 2001)

(ARUP, 2014; Moench, 2014; Tyler & Moench, 2012)

(Cutter et al., 2008; Gunderson, 2009; Schipper & Langston,
2015; van den Brink et al., 2014)

(Cutter et al., 2013; Gupta et al., 2010; Lonsdale et al., 2010)

(Lonsdale et al., 2010)

(Davoudi et al., 2013; Schipper & Langston, 2015; Tyler &
Moench, 2012)

(Biggs et al., 2012; Folke, 2006; Lonsdale et al., 2010)

(Davoudi et al., 2013; Folke, 2006; Schipper & Langston, 2015;
Tyler & Moench, 2012)

(Lonsdale et al., 2010; Pahl-Wostl, 2007; van Buuren et al.,
2015)

(Lonsdale et al., 2010; Pahl-Wostl, 2007; van Buuren et al.,
2015)

(Lonsdale et al., 2010; Pahl-Wostl, 2007; van Buuren et al.,
2015)

(Hurlimann & Wilson, 2018; van Buuren et al., 2013; Vinh &
Van, 2020)

(Hurlimann & Wilson, 2018; van Buuren et al., 2013; Vinh &
Van, 2020; Wardekker et al., 2010)

(Bryan et al., 2019; Henao Casas et al., 2022; Wilhite, 1992)

(Huntjens et al., 2010; Wardekker et al., 2010)
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4.4.2. The Procedure of Use of the designed assessment framework
To be able to implement the framework, several steps have to be taken. These steps are divided in
four phases: preparation phase (before assessment), conduction phase (the actual assessment),
follow-up phase (connecting assessment results to existing policies) and an optional ex-ante policy
evaluation phase. Figure 8 presents an overview of these. In the paragraphs below, the different steps
are elaborated. This provides clarity on how the assessment framework should be implemented, and
guides the framework’s users to assessment results of high quality.
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Figure 8 Overview of the recommended procedure of use.

Preparation phase

1. Definition of region and relevant stakeholders: The first step of the framework’s procedure-
of-use is defining the region and conducting a preliminary analysis of the drought governance
system (being the organisation in which policy on drought management is developed, and the
stakeholders therein). This results in an improved understanding of how the region ‘works’, as
well as an inventory of relevant stakeholders within the defined region including these
stakeholders’ formal roles.

2. Definition of relative importance and weighting: As second step, the relative importance of
each framework element within its own framework layer (being the specific phases, principles,
operationalisations and indicators) is defined on a case-to-case basis. In one region the
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importance of a specific indicator could be significantly larger than the importance of that
same indicator in a different region. Through the definition of the relative importance of each
framework element, agreement can be reached on the weight of each framework element
when translating the indicator scores into scores of the higher framework layers. This relative
weight also holds for the translation of the indicative scores of the foreseen impact of current
developments on the current indicator scores into the higher framework layers. This definition
process can be done in a variety of ways, dependent on the user’s available resources in terms
of time, personnel and finances. For this, the developed framework offers a great flexibility in
its usage. Below three illustrative pathways are given.

a. Low resources: The relative weighting can be kept at default (all elements get equal
weights), the expert applying the framework could define relative weighting based on
the user’s own experience in and knowledge of the region or the expert applying the
framework could ask some direct colleagues for their opinions.

b. Medium resources: The relative weighting is defined through a brief participation
approach, i.e. a single workshop session with a varied group of regional experts.

c. High resources: The relative weighting is defined as part of a Delphi method with
significant stakeholder participation.

Definition of indicator scoring method: The data availability for specific indicators can vary
significantly dependant on the case study region. Hence, on a case-to-case basis the
framework indicators are checked on their data availability for the required information. Based
thereupon, the indicator’s scoring method is defined. Indicator’s scoring methods could be
based on publicly available (semi)quantitative data, as long as it is from credible and legitimate
sources. If such (semi)quantitative data is not available, there is chosen for qualitative data
from regional experts from relevant stakeholders. Indicators can be scored in a variety of ways
(i.e. with differing indicator scoring methods), dependent on the user’s available resources.
Below three illustrative pathways are given.

a. Low resources: In case there is only little resources available, the expert applying the
framework could for example assess each indicator based purely on the expert’s own
knowledge of the region, or i.e. based on a single internal workshop.

b. Medium resources: With more resources available, the approach as taken by low
resources can be improved upon through a broader range of in-depth input through
participatory processes with regional experts. Dependent on the exact amount of
available resources, this can take the form of i.e. translating the indicators into an
online survey for regional experts to fill in, conducting interviews with relevant
experts, or organizing one or multiple workshop sessions with relevant experts.

c. High resources: With significant resources available, a Delphi method or even an
extensive research on each of the indicator could become an option.

Definition of indicator maturity index: Region-specific contexts may influence what is
required for a certain indicator score to be achieved (what does it mean to have a score of 2/5,
or indeed 5/5?). Hence, on a case-to-case basis a definition for each scoring value for each
indicator is defined. This can be done through developing a resilience maturity index for each
indicator. Again, there are various ways this could be implemented during the application of
the assessment framework, dependent on the user’s available resources.

a. Low resources: No indicator maturity index is defined for the qualitative indicators
and the scoring is based on subjective reasoning, or an indicative indicator maturity
index is developed by the framework’s user’s own experience in and knowledge of the
region, or the user could ask some direct colleagues for their opinions.

b. Medium resources: The indicator maturity index is developed through a brief
participation approach, i.e. a single workshop session with several regional experts
from a variety of backgrounds decreasing subjectivity within the maturity index.

c. High resources: The indicator maturity index is defined as part of a Delphi method
with significant stakeholder participation.
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Conduction phase

5.

6.

Information gathering: Based on the chosen method of assessment for the specific indicators,
the actual information is gathered. Three types of information are gathered per indicator:

a. Numerical score for the current state of the indicator

b. Current bottlenecks and points of improvement per indicator

c. Foreseen impact of current developments on current score of indicator
Analysis and reporting of found data: Based on the defined relative weighting and the
structured visualisation method, the gathered information is analysed and reported. The
assessment report visualises the assessment results through three types of result visualisation:

a. General overview through radar diagrams (quantitative)

b. More specific overview through Dashboard Tables (quantitative)

c. Detailed assessment through Textual Indicator Assessment Reports (qualitative)

Follow-up phase

7.

Definition of gaps in current policies or interventions: Once the assessment of regional
drought resilience has been conducted and analysed and an assessment report has been
drafted, the policy-makers in the drought domain define gaps in current policies or
interventions based on the assessment results. This considers the flaws of the employed
assessment procedure. The assessment procedure will i.e. always present a simplified picture
and, especially when participatory approaches are employed, will likely have at least some
degree of bias. In addition, the assessment results can yield new questions that need further
clarification before these gaps can be properly defined.

Definition of new policies or interventions: After defining the gaps in current policies or
interventions, new adapted policies and interventions are to be defined. This answers the
question how the found bottlenecks will be improved.

Ex-ante policy evaluation phase

9.

Generic ex-ante policy evaluation through framework: An aim of the application of the
assessment framework could be to conduct an ex-ante policy evaluation. Policies can improve
some indicators, while deteriorating others. Similarly, a policy could have a positive effect on
some indicators, while having no effect at all on others. Such an ex-ante policy evaluation can
be done either with or without a baseline from a full assessment with the framework.

a. Without baseline from full assessment with the framework: if the region has not
been assessed through earlier appliance of the framework, the framework can serve
as a guiding tool for relevant aspects in drought management. In the ex-ante policy
evaluation, the proposed policy is assessed by evaluating how it will likely influence
specific indicators based on its foreseen impact. Such an ex-ante policy evaluation
doesn’t harbour any numerical assessment scores, but does provide the user with a
generic overview of potential (side-)effects (i.e. trade-offs, co-benefits) of the
proposed policy and a ‘direction of change’ for the drought resilience of the region.

b. With baseline from full assessment with the framework: if the region has been
assessed through earlier appliance of the framework, a baseline will be present for
each indicator, including the points of improvement. If this is the case, an ex-ante
policy evaluation provides the user with not only a generic overview of potential (side-
Jeffects of proposed policies, but the proposed policy can also directly be evaluated
on the extent to which it benefits identified bottlenecks and points of improvement
towards regional drought resilience.
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5. Results validation phase

In the sections below, the results of the validation phase are outlined. For this, first the results of the
case study are presented. This presentation follows the steps from the recommended procedure-of-
use. After presenting the results of the case study, the validation of the assessment framework based
on the experience gained in the case study is elaborated on.

5.1. Applying the assessment framework in a case study in Twente
5.1.1. Preparation phase

Step 1: Definition of the region and relevant stakeholders; Introducing Twente

Twente lies in the east of the Netherlands and encompasses the easternmost part of the province
Overijssel. The borders of Twente are defined by the German counties of Grafschaft Bentheim on the
north east and Kreis Borken to the southeast, the Salland region to the west and northwest, and the
Achterhoek region to the southwest. Twente consists of 14 municipalities, covering an area of 1500
km?. See Figure 9 for an outline of the region. The region is characterized by its mixed urbanity, with
some areas of high urbanity and a large share with very low urbanity (CBS, 2023b; Sival et al., 2022).
Almelo, Hengelo and Enschede are the main cities, housing about 50% of the total population (CBS,
2023a). The rural areas are characterized by a combination of agriculture and nature areas (Sival et al.,
2022), among which fifteen Natura2000 areas (Ministerie LNV, 2023). Within the agricultural sector,
the majority of the land is used for livestock farming, while arable farming and horticulture are less
common (Sival et al., 2022). Furthermore, a significant part of the industrial sector in Twente is
dependent on the Twentekanaal for logistics (Sival et al., 2022). Twente also has several large water
consumers within the food and processing industry, requiring high quality water (Sival et al., 2022).

Dalfsen 4 Ommen {3 |

Vidomshoop | Vriezomeensewiik

Twente-
rand

Geesteren

eeeeeeee Tubbergen

Hellen-

Denekamp ©
Raalte doorn Hulsen

Dinkelland

NINGT A G eSO 1 P SonE & L | T  Cwesite, 42 e Dposiunt

Rijssen-Holten
<

Halten Hengelo

Hengelo

Hof van Twente.
Goor.

uuuuu

Berkelland

)
V4
-

Figure 9 Outline of the case study region of Twente. Source: (Van Aalst, 2017)

Twente is a relatively high-lying region with a sloping character and consisting mainly out of sandy
soils, with loamy soils in the east (Oldenzaal-Enschede axis) (Goijer et al., 2012; Van den Eertwegh et
al., 2021). Due to these relatively high differences in elevation, it is very difficult to transport water
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across the region and only a rather small part of Twente consists of ‘water supply areas’ (Dutch:
wateraanvoergebieden), which are areas that can be reached and supplied with water from the Dutch
national water network (Dutch: Rijkshoofdwaternet) (Goijer et al., 2012). Twente has two small rivers
with the Regge and Dinkel and the Twentekanaal links the urban areas of Twente with the lJssel river.
In addition, Twente has a significant number of natural brooks. Apart from the Twentekanaal, Twente
is dependent on precipitation for its water supply (Sival et al., 2022), and especially the natural brooks
tend to fall dry during the summer period. In the past decades, the water system of Twente has been
significantly redesigned to prevent flooding and lowering the groundwater level to enable the
presence of all functions (Van Tuinen et al., 2022). To do so, naturally meandering brooks, creeks and
streams were straightened, continuous drainage systems were installed and planned land
consolidation (Dutch: ‘ruilverkaveling’) took place (idem.). This has resulted in a drop of the average
groundwater level of 40 to 50 cm (Van Tuinen et al., 2022) and the regional precipitation reaching the
IJsselmeer with a delay-time of only 3 days (Honing et al., 2023). In their study to calculate the regional
water balance, Van Tuinen et al. (2022) showed that Twente has a higher water consumption than its
natural water supply, both on an annual timescale as well as during the hydrological summer, and both
during an average hydrological year as well as during a dry meteorological year. An important element
in this high water consumption is the discharge to the Dutch national water network during water
surpluses. When the discharge of water surpluses is excluded, it becomes apparent that on annual
timescale the natural water supply far exceeds the annual water consumption both for an average year
as well as for a dry meteorological year. During the hydrological summer the water consumption of an
average meteorological year barely exceeds the natural water supply, yet far exceeds it during a dry
meteorological year. See also Table 7. As only a rather small part of Twente falls within the water
supply area, this (significant) overconsumption can only be partially covered by the Dutch national
water network. Therefore, an extended period of meteorological drought can quickly transform into
an agricultural and socio-economic drought. With that in mind, it is of high importance that the region
of Twente is or becomes (more) resilient to droughts.

Table 7 Water balance of the Twente region, with comparisons of the natural water supply to the water consumption
including and excluding surplus discharges to the Dutch national water network. Source: van Tuinen et al. (2022).

Hydrological summer
Type of meteorological year Average
Ratio water consumption / natural water supply 104% 125% 125% 185%

Ratio water consumption excl. surplus discharge 64% 82% 101% 155%

/ natural water supply

Under normal conditions, responsibility of water management within Twente is divided among
different stakeholders (Provincie Overijssel, 2023). The responsibilities of the main stakeholders are
summarized in Table 8. The organisation surrounding water management during times of (imminent)
drought crises in the Netherlands consists of six regional drought councils (Dutch: Regionaal
DroogteOverleg, or RDO) (WMCN-LCW, 2021). The region of Twente falls within jurisdiction of two of
these: RDO-Twentekanalen and RDO-Gelderland. Within these RDOs, the relevant (departments of)
Rijkswaterstaat, waterboards, provinces and drinking water company discuss and decide on drought
management and crisis strategies. Stakeholders from outside of the governmental column are neither
under normal nor under crisis conditions judicially connected to water and drought management.
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Table 8 Summarized responsibilities of water and drought management within Twente. Source: Provincie Overijssel (2023)

Stakeholder Responsibility in brief

Rijkswaterstaat Water quality and water division of the Dutch national water network (in the Twente
region this is only the Twentekanaal)

Province Overijssel | Create and implement regional water policies and water quality and licensing authority
(i.e. for drinking water) for deep groundwater

Waterboard Water quality and quantity of surface water and waterways of regional significance and
Vechtstromen rural shallow groundwater
Municipalities Create and implement municipal water policies, water quality of urban shallow

groundwater, waste water treatment, and supply of potable water to households
(which in practice is put at the regional drinking water company Vitens)

Step 2: Definition of relative importance and weighting

For the case study, all framework elements were given equal relative importance. Consequentially, the
scores of the indicators (Layer 4) under a specific operationalisation (Layer 3) are simply averaged to
obtain a score for that specific operationalisation. The same holds for the translation of
operationalisation scores (Layer 3) into scores for the resilience principles (Layer 2), as well as for the
translation of these resilience principle scores (Layer 2) into scores for the resilience phases (Layer 1).

Step 3: Definition of indicator scoring mechanism

During the search for the availability of data on the region of Twente, it was found that six out of the
24 indicators in the Absorb-phase of the assessment framework had credible and open-source data
available. In Appendix B the scoring mechanisms of the indicators with credible open-source data
available are presented. The other eighteen indicators were assessed through interviewees with
regional experts from the relevant stakeholders.

Step 4: Definition of indicator maturity index

For the case study, indicator maturity indices were only defined for the indicators that were assessed
through quantitative data sources, as part of their scoring mechanism. However, no indicator maturity
indices were defined for the indicators that were assessed through interviews with regional experts
from the relevant stakeholders.

5.1.2. Conduction phase
Step 5: Information gathering
The information to fill in the Absorb-phase of the assessment framework was gathered as prescribed
in the defined indicator scoring mechanisms.

Step 6: Analysis and reporting of found data
In the section below, assessment results of the Absorb-phase of the assessment framework are
presented, following the structured visualisation and reporting method for assessment results.

Radar diagrams with score overviews

A quick overview of the framework results is presented through radar diagrams. The results for Twente
are elaborated on below. Within these radar diagrams, the impact of foreseen developments is
presented in brackets behind the framework element (i.e. ‘Redundancy (+)). This expected effect of
the foreseen developments can be positive (+), neutral (o), negative (-) or unknown (unknown) in case
no information was gathered during the framework’s application.

Figure 10 shows the results of the case study on resilience phase layer. With a Resilience Score of 2.9
(on a 1-5 scale), the Absorb phase of Twente is found to be sufficient, but with significant room for
improvement. In addition, on this radar diagram it is immediately visible that there is quite some
uncertainty in the found score, with a medium to high standard deviation. As a phase overall, foreseen
developments have a neutral effect on the current score of the Absorbing capacity of Twente.
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Figure 11 zooms in on the resilience principles layer. Here it is visible that the different resilience
principles all lie rather close to each other, with scores of 2.8, 2.9 and 3.1 for Robustness and Buffering,
Redundancy, and Diversity respectively. The most uncertainty lies in the score of the Redundancy
principle, whereas the Robustness and Buffering principle has a relatively low uncertainty. In addition,
following the foreseen impact of current developments, it is visible that the score of the robustness
and buffering principle will likely increase, whereas they have a neutral effect on the other two
principles of the Absorb-phase.

Figure 12 presents the operationalization layer. This layer shows larger differentiations in the scores
of the operationalizations, as well as in their uncertainties. From the case study it is apparent that the
measures towards low water demand, institutional redundancy, the modularity to mitigate cascading
effects, the economic diversity, the institutional diversity are all sufficient with scores between 3.1 and
3.5. On the other hand, especially the functional redundancy in important functions and services need
attention, with a score of 1.7. When looking at the uncertainty of these scores, it is clear that there is
significant uncertainty in the operationalizations of institutional redundancy, functional diversity and
institutional diversity. The case study did not provide any information on the foreseen impact of
current developments on the score of the economic diversity. These current developments have either
a positive or neutral foreseen impact on the current scores of the other operationalizations.

Figure 13 presents the indicator layer. This layer shows significant differentiation, both in current
scores as well as in the uncertainty within these scores. Several indicators score very high (i.e. [2112]
on assessment of and innovation within measures reducing water demand and [2134] on the soil
permeability for infiltration of precipitation). However, other indicators score very low (i.e. [2222] on
the presence of redundancy in ecosystem services and [2131] on the incorporation of drought risk in
spatial planning). Similarly, there are significant differences in the uncertainty within the indicator
scores. The case study provided no information on the foreseen impact of current developments on
current scores of six indicators, whereas the other indicators all have either positive or neutral impacts.
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Figure 10 Radar diagram of the case study results of resilience phase layer. (-), (o) and (+):
negative, neutral or positive foreseen impacts of developments to current state.

Score - StDev
(Ro&B) Measures and installations Score +5tDev
towards low water demand (+) Score

5,0

{Di) Institutional diversity (+) (Ro&B) Creating buffer capacities (o)

{Ro&B) Impact and risk reducing
spatial planning and planning
practice (+)

(Di) Economic diversity {unknown) i

(Re) Institutional redundancy with

(Di) Functional diversity (o) overlapping functions and roles (+)

{Re) Modularity to mitigate cascading
effects (o)

Figure 12 Radar diagram of the case study results of operationalization layer (Absorb phase).
(-), (o) and (+): negative, neutral or positive foreseen impacts of developments to current state.
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Figure 11 Radar diagram of the case study results of resilience principle layer. (-), (o) and
(+): negative, neutral or positive foreseen impacts of developments to current state.
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Figure 13 Radar diagram of the case study results of indicator layer (Absorb phase). (-), (0)
and (+): negative, neutral or positive foreseen impacts of developments to current state.
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Dashboard Tables with score overviews

In the Dashboard Table, further detail is given on the results presented in the radar diagrams, with the
full indicator names, as well as their structure under the three higher layers, the indicator’s relative
weight under their respective operationalisation and their scoring method. In addition, the indicator’s
final scores, standard deviations and the indicative foreseen impact of current developments have
been given a colour scheme. This way, key bits of information, such as the indicators that really need
attention, or which indicator scores have a relatively high uncertainty, can be easily differentiated.

Table 9 presents the Dashboard Table of the resilience indicator layer. Here it becomes apparent that
the indicators have been attached with equal relative weighting for their respective operationalisation
scores. Furthermore, it becomes clear that all the indicators with an unknown foreseen impact of
current developments, are indicators that have been quantitatively assessed through credible data
sources, instead of through interviews with regional experts. In addition, it is clearly visible that there
are certain indicators that have been assessed by quite some interviewees (i.e. [2111], [2131], [2132],
and [2334]), while other indicators were assessed by a limited number of interviewees (i.e. [2222],
[2312] and [2332]). The reason these indicators were assessed by only few interviewees, was twofold.
Indicator [2222] on the redundancy within ecosystem services was very specific, leading to the
expected regional expertise on that indicator (i.e. the indicator’s relevance) to lie within only a small
group of stakeholders, in this case the water board and nature management organisations. As there
were only three interviewees from these stakeholders, the number of interviewees assessing this
indicator is naturally low as well. Still, the indicators [2312] on the spatial distribution of drought-
sensitive critical infrastructure, industry and services across the region and indicator [2132] on the
institutional managerial disparity of the drought governance system were expected to be relevant for
a broader group of stakeholders, yet still had a low number of interviewees assessing them. The reason
for this was that many of the interviewees simply had no knowledge of the state of these indicators
within the region, even though interviewees mentioned these indicators were indeed relevant to have
a better understanding of. In addition, about half of the indicators harbour significant uncertainty
(standard deviations 2 1.0), of which the most severe are indicators [2232], [2311], [2332]. The reason
for this was again twofold. The primary contributor was the differing understanding among
interviewees on the ‘meaning’ of certain scores for an indicator. Moreover, standard deviations
increased as some interviewees gave their assessment based on their understanding of the system as
a whole, whereas others gave their assessment based on their understanding of how well their own
sector or stakeholders was doing with regards to the indicator. To obtain more credible, legitimate and
salient assessment results, further assessment of specific indicators could be required, if these
indicators are either assessed by a low number of regional experts or harbour significant uncertainty.

Textual Indicator Assessment Report (indicative)

In the Textual Indicator Assessment Report, additional information on bottlenecks and points of
improvement of the current state are discussed, as well as which developments are foreseen and why
these developments will likely have a positive, neutral or negative impact on the current state.

Table 10 provides an indicative Textual Indicator Assessment Report. This textual report is only
presented for one single indicator, as it surpasses the purpose of this study to present the in-depth
information on all indicators from the case study. Based on the assessment of this indicator, a total of
fourteen concrete bottlenecks and points of improvement for the attention to drought and its effects
in laws and regulations. In addition, several developments are expected to impact the current state.
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Table 9 Case study results Dashboard Table on indicator layer of the Absorb-phase. In the colour scheme, green = good/positive, yellow = average/neutral, and red = poor/negative.

" Operationalisation Indicators Rel. Scoring Final Stand. Effect foreseen
2 Weight method score  Dev. developments
{=
‘= (-, 0,+)
a ’ 7
" [2110] Structural measures ([jzelniiz];jrhere is sufficient presence of (structural) measures and installations to decrease water 0.5 (9) Interviews 1.9 0.9 +09=+
o . .
= de mstalla:jtlons tgwards [2112] There is a smooth-running process of periodical assessment and improvement of present 0.5 (5) Interviews 4.4 0.5 +0.3=0
““g OWAWIIECEInal (structural) measures and installation to reduce water demand
a f'g [2121] The baseline water stress during a dry year is absent 0.25 Document 3.2 (-) Unknown
2 S i [2122] The sustainable water storage capacity within the region exceeds demand under drought 0.25  (15) Interviews 2.5 0.8 +0.4=0
= w | [2120] Creating buffer conditions
—_ CU ities . . - .
S = Gl [2123] The available regional water sources are of sufficient quality 0.25 Documents 1.6 (-) Unknown
2 B [2124] There is a sufficiently large regional financial buffer 0.25 Documents 3.8 (-) Unknown
= o
o« 21301 | t and risk [2131] Drought risk is sufficiently embedded in spatial planning 0.25 | (15) Interviews 1.8 1.0 +1.0=+
§ [ g ] mpact. aln | rs . [2132] There is sufficient attention to drought and its effects in laws and regulations 0.25 (9) Interviews 1.9 0.6 +0.9=+
o re ducllng s.pa a p:nnlng [2133] Drought resilience is actively and sufficiently incorporated in nature management strategies 0.25 (7) Interviews 2.7 1.0 +1.0=+
and planning practice
P Ep [2134] The region has (a high percentage of areas with) permeable soils 0.25 Documents 4.3 (-) Unknown
[2210] Institutional [2211] The regional drought governance system is polycentric and multilevel with an appropriate 0.5 = (7) Interviews 3.1 1.0 +0.4=0
redundancy with level of decentralisation and division of autonomy
> | overlapping functions and [2212] The regional drought governance system is well-coordinated 0.5  (12) Interviews 3.1 1.1 +0.8=+
2 5 | roles
g g [2220] Functional [2221] There is a sufficient level of redundancy mechanisms for and in drought-sensitive critical 0.5 ' (8) Interviews 2.4 1.1 +0.3=0
é E redundancy in important |nfrastructure_ and ne.tv_vorks N _
S = functions and services [2222] There is a sufficient level of redundancy within ecosystem services 0.5 —- 0.0 +0.0=0
o § [2231] There is a sufficient level of institutional modularity (self-reliance) of parties within the 0.5 (8) Interviews 3.8 0.4 +03=0
— | [2230] Modularity to drought governance system to decrease or prevent high-risk cascading effects between parties
mitigate cascading effects [2232] There is a sufficient level of compartmentalization within drought-sensitive critical 0.5 = (5) Interviews 3.2 +0.3=0
infrastructure to avoid cascading drought effects
[2311] The water supply portfolio has a sufficient level of diversification 0.5 | (5) Interviews 2.6 - +0.8 =+
[2310] Functional diversity | [2312] There is a sufficient level of spatial distribution of drought-sensitive critical infrastructure, 0.5  (4) Interviews 2.8 0.8 +0.0=0
industry and services across the region
- > L . [2321] There is a low regional economic dependency on sectors vulnerable to drought 0.5 Documents 4.5 (-) Unknown
2 %= | [2320] Economic diversity [2322] There i fricient level of ic di ity withi N | ble to d ht 05
) 2 ere is a sufficient level of economic diversity within sectors vulnerable to droug . Documents 2.6 (-) Unknown
'<° 3 [2331] There is a just level of institutional disciplinary variety within the drought governance system 0.25 | (16) Interviews 3.4 1.0 +0.8 =+
§ S [2332]There is an appropriate level of institutional managerial disparity within the drought 0.25 3.5 +0.0=0
= = 23301 Institutional governance system
= & Eiivers]it;StltUtlona [2333] There is an appropriate level of institutional balance within the drought governance system 0.25 = (7) Interviews 3.1 1.2 +0.5 =+
[2334] There is sufficient presence of effective drought-centred partnerships and platforms for 0.25 (15) Interviews 3.1 0.7 +09=+

networking and knowledge exchange between different stakeholder groups, both sectoral as well
as cross-sectoral
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Table 10 Indicative Textual Indicator Assessment Report for indicator [2132].

Indicator

[2132] There is sufficient attention to drought and its effects in laws and regulations

Explanation: Laws and Regulations can play an important role in achieving a higher level of drought resilience, through for example
drought-proof building codes and spatial regulations. These include both structural safety for the built environment itself, as well as
'spatial/environmental safety' where the built environment aids in water scarcity prevention in its direct vicinity.

Assessment method

This indicator was assessed based on interviews with regional experts. In total, nine interviewees gave information on and a score
for this indicator. Their scores have been averaged for a final score. These include (Interview number in brackets):

1 Waterboard (101)

5 Municipalities (106, 108, 109, 110, 111)

2 Interest groups for industry and economy (115, 116)
1 Interest group for agriculture (119)

Current state bottlenecks and points of improvement

Higher level preparatory laws and regulations (i.e. European, national):

1.

(106, 111) The prevention of detrimental drought effects is considered to a very limited extent in the current higher laws and
regulations (i.e. European, national), giving local governments a free pass and allowing discrepancies to arise between
different local governments in the same region. By narrowing this scope of work within higher laws and regulations, every
lower-level government will be obliged to deal with drought and better results can emerge from regional partnerships.
(111) Potential improvements in drought adaptation in the built environment are held back by potentially outdated current
higher laws and regulations. To solve this problem, an inventory needs to be made of what opportunities exist in the built
environment and what legal problems municipalities encounter in wanting to introduce them on a large scale. Then, at
regional, provincial and national level, we can look at how best to solve these problems.

(106) Recently, the national guideline for climate-adaptive and green built environment (in Dutch: 'Maatlat voor Klimaat-
adaptieve groene Gebouwde Omgeving'). This guideline is non-committal and rather generic. The knowledge and
information from this guideline need to trickle down to all lower levels of government and thereafter become mandatory.
(109, 115, 119) Currently, drought is not included in any formal national construction standard (i.e. NEN-norms), except for
land subsidence which may be caused by drought. Through more explicit inclusion of drought risks in such standards, it can
be ensured that drought is considered and there is a minimal incorporation of drought risk aversion that municipalities and
property developers must adhere to.

Regional and local preparatory laws and regulations:

5.

(101, 115, 119) The ‘Watertoets’ from the waterboard is the instrument that is seen as the best suited instrument in existing
laws and regulations to match the functions to the water system and project developers are obliged to conduct a Watertoets
for all new development plans. The specific rules within the Watertoets are however mostly based on the prevention of
flooding and relatively little attention goes to drought. Therefore, the Watertoets is likely less effective than could be in a
drought context.

(101, 115) Another element that decreases the potential effectiveness of the Watertoets is the fact that it is advisory and
thereby largely non-committal. Even though within Twente a negative advice from the Watertoets is quite influential in the
project development plans, there are significantly different experiences in other regions within the Netherlands. Legally,
municipalities and project developers can often go on with their plans even after negative advise from the Watertoets,
which is thus still seen as a risk, also for Twente. To counter this, a positive ‘advice’ from the Watertoets should be a legal
prerequisite instead of its non-committal current legal state.

(106, 108, 110, 115, 116) Most if not all municipalities have laws and regulations within their zoning plans on water-related
topics, such as a minimal infiltration or water storage capacity. However, these are mostly if not entirely based on
preventing flooding and the benefit for drought is seen as only a bycatch. Despite the significant increase of interest in
drought in urban planning and some adaptations to the rules and regulations within the zoning plans, specific rules and
regulations for drought are (near) non-existent. There should be an inventory of possible rules and regulation specifically
for drought, or at least with an explicit role for drought next to the prevention of flooding, to ensure drought is included in
all construction activities.

(106) As improvements for drought are only seen as a bycatch in current local laws and regulations from the zoning plans,
they either have no quantitative numerical values or have differing values between municipalities. These values should be
standardized throughout the region.

(108, 109) There is a range of municipal laws and regulations for areas that are newly developed that to some extent include
drought risks. However, laws and regulations that focus on (required adaptations to) the current built up areas are missing.
This is especially the case for areas that are not publicly owned.
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10.

11.

(116, 119) There are no laws and regulations whatsoever that aim at systematically reducing water demand in industry
and/or agriculture. Therefore, there is no legal incentive for these sectors to invest in reducing their water demand. A
steering mechanism to achieve this could be the introduction of tiered pricing where large consumers pay a higher price
per cubic meter of water consumption.

(119) There are currently no laws and regulations in place that aim at creating a sustainable agricultural sector that is less
drought-prone. A step towards this could for example be obligations or prohibitions of crop choices based on the local or
regional water system.

Laws and regulations for during acute drought crises:

12.

13.

14.

(101, 115) In an acute drought crisis situation, the legal national water displacement sequence streamlines which functions
are prioritized for their water demand. However, this displacement sequence is only relevant for the water supply areas (or
in Dutch the ‘wateraanvoergebieden’, those areas in the Netherlands that can be reached and supplied by Rijkswaterstaat
from the Dutch national water network). There is no such displacement sequence for the non-water supply areas (which
are entirely dependent on precipitation and groundwater), other than a provision in the Drinking Water Act (in Dutch:
Drinkwaterwet), which stipulates that drinking water has priority over industry. As Twente is almost entirely a non-water
supply area, current prioritization is much less structured and therefore likely not optimal. A formal and legal displacement
sequence for non-water supply areas is seen as key-element in better laws and regulations for drought in Twente.

(110) There are laws and regulations in place that prevent over-abstraction of water in vulnerable areas (i.e. surrounding
nature reserves). In addition, during an acute drought crisis, further water extraction bans can be put in place for i.e.
agriculture and industry. However, there are no functioning steering mechanisms in place through which these water
extraction limitations can be properly enforced.

(110, 119) There are currently no laws and regulations whatsoever that aim at the reduction of household water demand
during acute drought crises. Governments (i.e. municipalities or waterboards) can only incentivise through creating more
social awareness and thereby building social pressure. This however does not give a sufficiently large effect.

Final indicator score

Based on Assessment Method, a final score of 1.9 (on a scale of 1-5) was obtained, with a standard deviation of 0.9.

Foreseen impacts of current developments

Almost all interviewees mentioned they saw developments that would likely have a positive impact on the current state of this
indicator. Their reasoning for this is described below.

1.

(101, 110, 115) Several interviewees mentioned the current developments surrounding the Environment and Planning Act (in
Dutch: ‘Omgevingswet’) as well as the National Strategy on Spatial Planning and the Environment (in Dutch: ‘Nationale
Omgevingsvisie’, or ‘NOVI’) as an important development. This national legislation should come into effect quite soon and
is expected to be highly influential. Spatial planning is expected to be a key-element in this legislation. There is a strong
lobby to make a paradigm shift from a water system that is managed to accommodate the wished-for functions (in Dutch:
‘Peil volgt functie’) to an allocation of functions based on the water system (in Dutch: ‘Functie volgt peil’), in which drought
has an important role. Based on this new national legislation, legislation on lower governmental levels will be adapted and
eventually will lead to better incorporation of drought risk in laws and regulations.

(109, 111) Other interviewees mostly mentioned the increasing awareness and urgency for especially the drinking water
safety as a catalysator for forced incorporation of drought risk reduction in laws and regulations.

(101, 115) There is also more and more awareness that the current national water displacement sequence is not sufficient
for the entirety of the Netherlands and that something similar should be created for the non-water supply areas (in Dutch:
‘niet-wateraanvoergebieden’). Several stakeholders, i.e. waterboards and provinces, have already taken first steps towards
this.

(106) In addition, the national government is currently assessing how the national guideline for climate-adaptive and green
built environment (in Dutch: ‘Maatlat voor een Klimaat-adaptieve groene Gebouw Omgeving’) can be legally secured and
made compulsory. Thereafter, lower levels of government will have to translate this national guideline to their own levels.
(116) There are no current developments with a foreseen impact on the current state of this indicator with regards to water
demand reduction in industry.

(119) For agriculture, especially the current developments surrounding water quality regulations are of interest (specifically
the 7t Action Program Nitrate Guideline, or in Dutch: ‘7¢ Actieprogramme Nitraatrichtlijn’). An important element in this
will likely be the prohibition of cultivation of certain types of crops based on the local or regional water system. This is
mainly aimed at the prevention of (further) water quality deterioration, but will likely also be linked with water quantity
aspects and therefore with the development of drought-related legislation in the agriculture sector.
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Design Type

5.2.Validation of the assessment framework based on its application in Twente

Table 11 summarises the self-evaluation per (general) design requirement and whether these are or
are not (partially) met. It provides the positive aspects of the designed assessment framework and lists
the points of improvement. These points of improvement mostly relate to two different things: the
procedure surrounding the assessment, and points where further validation is required before
conclusions can be properly made. The case study provided very little points of improvement for the

content of the designed assessment framework.

Table 11 Validation of the designed assessment framework against design requirements based on the experience from the

case study application in Twente.

CEERS

req.
All framework elements are based on relevant peer-reviewed scientific literature
incorporating different perspectives on the resilience of a region to droughts, ensuring
o the comprehensiveness of the framework as a whole and the coherence of framework
= | elements with the relevant scientific literature. During the case study this was confirmed
E by the interviewees for the indicators in the Absorb-phase. Moreover, as a part of the
assessment procedure is to define the indicator’s scoring methods, the credibility of the
z data used to assess the framework’s elements is also ensured. Additionally, the
E assessment procedure also incorporates the uncertainty in assessment results. o
'ﬁ 1. Some regional experts interviewed for the case study proved to be more =
S " knowledgeable on certain indicators than others that assessed the same indicator.
:]Cj Scores of both ‘types’ of interviewees were considered equal in the final indicator
g score. The credibility of the assessment results could improve if a differentiation in
§ how much ‘weight’ an expert has in the final score of an indicator based on their
g level of expertise is possible, in case of multiple assessors.
~ | 2. The manner in which the uncertainty is currently incorporated in the assessment is
not validated by prospective users.
o During the case study, the framewaork’s structure was understandable and clear for all
= | regional experts participating in the interviews, among whom policy makers from
E prospective users, with or without prior knowledge on resilience theory. The indicators
of the Absorb-phase were also generally well-understood by the interviewees.
1. Prospective users of the assessment framework were not part of its development <
z whatsoever, nor has there been an evaluation of the assessment framework or its S
g " results with them. As such, it is unclear to what extent these prospective users §
:"qu E perceive the framework to have appropriate values, concerns and perspectives. =
3 g 2. During the case study multiple regional experts could have comparable qualitative 8
§ assessments of the current state of an indicator, yet gave differing numerical scores, =
CEL leading to relatively subjective numerical scores with significant standard deviations.
- As such, the case study showed the importance of providing the regional experts
that assess the indicators with at least some guidance on the indicator maturity
(what a certain score for a certain indicator ‘means’ for the region).
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As part of the assessment procedure, relative weightings are assigned to all framework
elements, ensuring that all considered elements are relevant to the region’s specific
context. Similarly, indicator scoring methods need to be determined on a case-to-case
basis, ensuring that the used data is according to the region’s spatial scale and context.
Additionally, through the recommended procedure-of-use and the explanations
provided for each indicator (which were deemed clear and understandable for all
interviewees), the assessment framework and how it should be applied is deemed to be
self-explanatory. Moreover, the assessment incorporates both quantitative and in-depth
qualitative knowledge, translated into concrete guidance on the current state of drought
resilience in the region as well as on current bottlenecks therein and how these
bottlenecks can be improved upon. The case study also showed that it was relatively
easy for regional experts to reflect on the expected effect of foreseen developments on
the current state of the indicators, implying it will likely also be relatively easy for these
regional experts to use the assessment framework for ex-ante policy evaluations.

1. The main and most important point of attention to improve the salience of the
assessment framework is regarding its workability. Even the partial assessment as
conducted in the case study proved to be very laborious. Only a relatively small
number of indicators could be assessed through public data and documents, while
for the rest regional expertise was required. However, only about ten indicators
could be assessed per hour of interview, while in total the designed framework has
85 indicators. Ideally multiple regional experts assess each indicator, quickly
increasing the workload for the applier of the assessment framework. As such, when
only little resources are available, the feasibility of conducting a proper assessment
with the current design is questionable.

2. It was not evaluated with prospective users of the assessment framework whether
the assessment framework and its procedure-of-use was indeed sufficiently self-
explanatory, nor whether the assessment results provided sufficient guidance on the
current state of drought resilience in the region and how it can be improved.

3. Inthe case study it proved difficult for many regional experts to translate their local
knowledge to regional knowledge and/or their specialized knowledge to general
knowledge on the general state of the indicator in the region. Examples are experts
from municipalities having no clear overview of the current state in the region, or
experts from a specific sector having little knowledge on how other sectors are
dealing with the same issues. This leads to potential bias in the assessment results,
especially if the participating stakeholders are somewhat skewed (i.e. the number of
regional experts per sector).

4. Arelatively small improvement to the content of the assessment framework relates
to the possibility to reflect on the expected effect of foreseen developments on the
current state of an indicator. Many regional experts automatically distinguished
between short- and long-term foreseen developments. However, the applied
version could only include the foreseen developments as a whole, missing out on
potentially relevant information.

Met?

Partially met

Page | 43




Design Type
req.

Visualisation

Positive

CEERS

To ensure the assessment framework was not overwhelming, it has been visually broken
down into more bite-sized pieces through a distinct colour scheme. In this scheme, each
of the different resilience phases has its own colour (blue, green, yellow and orange),
and each resilience principle within these phases has been given their own opacity of the
phase’s colour (dark, light). This was deemed clear by the regional experts participating
in the interviews. Moreover, also the assessment results have been broken down into
more bite-sized pieced through the instalment of three different ‘levels’ of detail in the
assessment results.

Improvements

1. The manner in which the framework results are visualised are not validated with
prospective users.

2. Due to the extensiveness of the assessment framework, a full assessment report
including Textual Indicator Assessment Reports for all assessed indicators will still be
extremely lengthy and therefore potentially overwhelming. To counteract this
lengthiness, a reporting mode could be developed in which the readers/viewers of
the report can more easily decide what types of information they require. For this
purpose, an online tool in which the user can simply select the required information
could be a good idea. In addition, such a tool could easily include further theoretical
background on the framework elements and the reasoning why they are relevant for
regional drought resilience, which is beneficial for increasing the readers’
understanding of resilience.

Context of Use

Positive

Two distinct steps in the recommended procedure-of-use of the assessment framework
refer to the framework’s incorporation in the context of use. First, gaps in current
policies and interventions are to be defined based on the assessment results. Thereafter,
new or adapted policies and interventions should be developed. As such, if this
recommended procedure-of-use is followed, the assessment framework should be well-
incorporated in its context of use.

Improvements

1. The case study did not cover the follow-up steps after the assessment was
conducted. Also, no other validation of these steps took place. As such, it is unknown
to what extent the theoretical incorporation of the assessment framework in its
context of use are feasible.

Flexibility

Positive

Specific contexts hampering the assessment framework’s applicability in differing cases
are avoided by the recommended procedure-of-use of the assessment framework,
through the definition of relevant stakeholders for the region’s assessment, relative
weighting, indicator scoring methods and an (indicative) indicator maturity index.
Moreover, multiple pathways for differing available resources are indicatively covered
in the recommended procedure-of-use. The framework is thus designed in such a way
that it can be readily applied in different regions.

Improvements

1. The assessment framework has only been applied in one case study. As such, it is
only expected to be appropriately flexible for different regions of similar sizes, but
this has not been validated through appliance in multiple case studies.
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6. Discussion

This chapter discusses the findings of the study. First, the theoretical and practical contribution of the
study are discussed (Section 6.1). Thereafter, there is reflected upon the limitations of the research
method (Section 6.2) and the sensitivity of the assessment framework to specific contexts of other
cases and domains (Section 6.3).

6.1. Theoretical and practical contribution of this research
This study has contributed to the current body of literature on drought resilience as well as to the
practical field on drought management in multiple ways, as discussed below.

This study took a first step towards the design of an assessment framework for the drought resilience
of a region, including a recommended procedure-of-use for this assessment framework. The problem
investigation identified a knowledge gap in the current body of literature, which was the absence of a
comprehensive overview of elements that are relevant for the drought resilience of a region and thus
should be considered during the development of drought-related policies. This also led to the
identification of a field problem concerning the absence of a readily-available tool that can aid in the
policy development towards regional drought resilience. Consequentially, policy-makers and
consultants working on drought management lack sufficient (scientifically proven) guidance as to what
it means in practice for a region to be resilient to droughts and how they can improve it. Through the
design of an assessment framework for the drought resilience of a region, the knowledge gap was
filled. Moreover, through implementing the assessment framework through its recommended
procedure-of-use, policy-makers and consultants working on drought management can obtain
significant guidance on what elements they should consider during policy development, what the
points of improvement in the region are and how these points can indeed be improved upon. This can
be characterized by a quote from an interviewee from an interest group for industry and economy
within Twente (Interview 16):

“The emerging problem of freshwater shortages in the eastern Netherlands due to more
frequent periods of prolonged drought has been discussed with all kinds of different parties for an
incredibly long time. Nevertheless, a lot of companies, but also different governments, still do not
realise all the different knobs they can turn to become less sensitive to these periods of prolonged
drought. This study provides a much clearer picture of what you can do to facilitate this, both in the
physical domain and in the policy or operational domain. Just by asking these questions, companies
and governments will look at it more emphatically.”

In addition, a by-product of this study is an overview of design requirements for any to-be-designed
RAF based on theoretical good-practice. This overview can be used by researchers and practitioners in
the resilience domain as starting point for their specific needs and requirements for a new RAF.

Moreover, through the implementation of the designed assessment framework for regional drought
resilience in the Dutch region of Twente, this study resulted in an extensive information-base and
indicative guidance for Twente on how its regional drought resilience can be improved. This can be
characterized by a quote from an interviewee with a joint function at the regional water board as well
as an interest group for industry and economy within Twente (Interview 15):

“Using the qualitative information provided by the wide range of stakeholders involved in the
assessment of the different indicators of this framework, we will for the first time see a comprehensive
regional picture emerging concerning the balance of water demand and water supply and where the
problems lie in this respect. Through this assessment, concrete guidance is given on emerging points of
improvement for the drought management within Twente. This, in addition to the scientific literature
in which the framework is grounded, is extremely interesting.”
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6.2. Reflection on limitations of the research method

A first limitation of the applied research method, relates to its adaptation of the Design Cycle by
Wieringa (2014). For proper application of the Design Cycle, the design process follows multiple loops
of the cycle (Wieringa, 2014). In subsequent loops, the points of evaluation after the validation of a
design are followed by a new problem investigation, informing new or adapted design requirements
and from there redesigning the earlier developed assessment framework to fit these new or adapted
design requirements. In this research, only a single loop of the Design Cycle has been taken.
Consequentially, potential refinements and adjustments to the framework, i.e. from the case study in
the validation phase, have not been translated into a renewed design, nor did it inform new or adapted
design requirements.

A second important limitation to the applied research method, relates to the lack of participation in
the design of the assessment framework from prospective users of the assessment framework, i.e.
policy-makers and consultants working in the drought management domain. The points where the lack
of stakeholder participation has likely limited the quality of this study, are discussed below.

- The design requirements were not developed in cocreation with prospective users, and
instead fully based on scientific literature on theoretical good-practice of designing a RAF.
Although this resulted in a set of design requirements with strong theoretical footing, this
negates potential case-specific requirements prospective users may have (i.e. specific types of
information or the employment of specific participatory approaches could be required). As
such, the set of thus developed design requirements is seen as a very good starting point for
the design requirements of the assessment framework for regional drought resilience, but
could potentially benefit significantly from a second loop in which the evaluation of the design
informs a new or adapted set of design requirements in a more participatory manner.

- Prospective users of the assessment framework also did not participate in the design of the
assessment framework and its recommended procedure-of-use, and instead this was done
purely through a literature study. For the framework itself, this was a deliberate choice, as it
was expected that none of these prospective users already had the comprehensive
understanding on drought resilience of a region necessary to developed the first design of the
assessment framework. However, also the design of the recommended procedure-of-use was
based on scientific literature, even though prospective users could certainly have. This was
mostly due to constraints in the available resources for this study. As such, some design
requirements were considered more thoroughly for this design than others, which is clearly
visible in the validation, where the credibility requirements are largely met, yet the assessment
framework’s legitimacy and salience for the prospective users receive lower assessments.

- The validation of the designed assessment framework and its procedure-of-use was partially
based on comments from case study interviewees, but mostly based on the researcher’s own
perception on how well the assessment framework performed during the case study. Despite
significant effort to have a critical take on the design, this could still have resulted in
researcher’s bias (Drisko, 1997; Noble & Smith, 2015). Therefore, it would have been beneficial
to not only conduct a ‘self-evaluation’, but also employ an explicitly participatory approach
with one or multiple prospective users of the assessment framework in which the framework
and its (case study) results are discussed. This could i.e. be in the form of a small workshop
with several policy-makers from the regional water board. This could also directly inform new
or adapted design requirements for a new loop of the DCA, as previously mentioned.

There are also several limitations to the method that has been applied for the indicative case study in
Twente specifically, as discussed below.
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- The most prevalent one is that only a part of the designed assessment framework has been
implemented. This was a necessary concession due to the required time-investment for a full
implementation and it was justifiable looking at the indicative scope of the case study.
Nevertheless, it still resulted in a lack of information on the remainder of the assessment
framework.

- In addition, to find participants for the case study, there was made use of snowball sampling
where the researcher started with a number of initial contacts (‘seeds’). Based on their
experience and networks, these seeds then recommend other potential participants. Due to
its flexibility, networking characteristics and the inherent incentive to participate in the study
when a ‘known seed’ from a potential participant’s own network recommends said potential
participant, snowball sampling proved a useful and convenient approach to find participants
for the case study. This approach however also has a clear downside. As a network-based
convenience sampling approach, it can be viewed negatively for not producing samples that
meet criteria of random samples in the statistical sense and foster potential selection bias as
well as a lack of external validity, generalisability and representativeness (Parker et al., 2020).
An attempt has been made to counteract this potential selection bias through clearly defining
the types of stakeholders that are relevant to do a proper assessment with the framework, as
well as through making an inventory of relevant stakeholders that fit within these types for
the case study region and ensuring each of the types of identified stakeholders had multiple
participants. Nevertheless, a case could be made for a degree of selection bias due to a skewed
participation of stakeholders, where some stakeholder types had more participants than
others (i.e. the municipalities had six participants, while the agricultural sector only had two).
As the scope of the case study was to be indicative and provide experience with the
implementation of the designed assessment framework and not so much in conducting a full
and proper assessment for the case study region, this remaining risk of potential selection bias
was deemed acceptable.

6.3. Reflection on the sensitivity of the assessment framework to contexts
Specific contexts that could hamper framework-applicability are integrated in the procedure-of-use of
the assessment framework, through the definition of relative weighting, indicator scoring methods
and an (indicative) indicator maturity index. Thereby, the framework is designed in such a way that it
can be readily applied in different regions. However, as was already stressed in the validation phase,
the assessment framework and its procedure-of-use has only been applied to a single case: the Twente
region. As such, even though the assessment framework is expected to have a quite flexible
application, this has not been properly validated and no concrete conclusions can be drawn with
regards to its sensitivity to the regional contexts. Still, one important limiting factor to the flexibility of
the assessment framework can already be delineated: the size of the region. Based on the experience
from the case study, it is expected that the designed assessment framework can readily be applied in
regions of similar sizes and contexts as Twente, which is a NUTS3-level region?, i.e. safety regions or
water boards, to assess the drought resilience of their territory. However, based on the experience
from the case study, it can also be deduced that the main factor of interest is the extent of
differentiation within the regional context. If there are significant differences within a region, which is
more likely to be the case in a larger region, the assessment framework is likely to generalize the
information, as was already visible in the translation of municipal information to the regional scale in
the case study. This will have an adverse effect on the usability of the assessment results. This could

2 The NUTS classification is a hierarchical system for dividing the territory of the EU and the UK
(Eurostat, 2021). There are three regional NUTS-levels: NUTS1 (multiple Dutch provinces together),
NUTS2 (a Dutch province), and NUTS3 (smaller regions, i.e. Twente).
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be the case if the region has multiple water systems or if it has significantly different drought
governance systems. Similarly, for rather small regions it could be that important dynamics of the
socioecological system (SES) with significant impact on the small region are not considered, as these
dynamics fall outside of the spatial scope. It is yet to be seen what the spatial limits of application of
the proposed assessment framework are.

With regards to the flexibility of application of the assessment framework in other resilience domains
(being not ‘drought’), Tyler et al. (2016) reason that the creation of a universal set of resilience
assessment indicators that are applicable to all sectors and geographic locations is impossible, as
climate adaptation and resilience building inherently require localized and context-specific responses.
Following this argument, it is difficult to design a framework applicable to multiple sectors and
resilience domains. Nevertheless, the proposed assessment framework does lend itself to some extent
for application in other domains. This is mostly due to the strong footing in generally applicable
resilience theory for socioecological systems (i.e. regions) of the first, second and third framework
layers (resilience phases, principles and operationalisations respectively). Similarly, to the RDT by
Wardekker et al. (2020), the specification towards a specific resilience domain is only made in the
fourth layer (indicators). This enables relatively simple transition of this proposed assessment
framework for the drought resilience domain to other resilience domains: as long as the to-be-assessed
aspect is a socioecological system (i.e. not a community, household, financial system or engineered
structure), only the fourth framework layer is required to be adapted. Although this will still take a
significant period of time, this required transition also serves as an opportunity. Multiple studies have
however shown added benefit in defining a set of indicators in a participatory manner, as this process
builds local/regional capacity in terms of understanding resilience, shared understanding of concepts
and measurements and establishes a common platform for future planning and monitoring of policy
and interventions (Cash et al., 2003; Dunn & Bakker, 2009; Sullivan, 2002; Tyler et al., 2016).
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7. Conclusion and recommendations

7.1. Conclusion
To achieve the objective, being ‘Design an assessment framework that provides a comprehensive
understanding of the drought resilience of a region as a tool to guide drought management policies’,
design science methodology was employed, consisting of three distinctive design phases: the problem
investigation, design, and validation phases.

In the problem investigation, it was identified that even though there is significant knowledge on
resilience and even though a significant number of RAFs exist, there is indeed no readily available
comprehensive assessment framework for the drought resilience of a region. Moreover, in the
problem investigation phase a set of 24 design requirements was developed for an assessment
framework that can assess the regional drought resilience. These design requirements were structured
under six general design requirements. These stipulate that there should be 1) credibility, 2) legitimacy,
and 3) salience of the framework elements and the assessment procedure within the framework, 4)
proper visualisation of the framework and its assessment results, 5) proper incorporation of the
framework within its context of use, and 6) a proper level of flexibility in the framework.

An existing RAF, namely the Resilience Diagnostic Tool (RDT) by Wardekker et al. (2020), was identified
as being a fitting theoretical base to build the design upon. The RDT was adapted based on the points
for improvement that were identified while verifying the RDT against the design requirements. This
resulted in an assessment framework with four distinct layers connected through a tree-structure. The
first layer captures the four different resilience phases, being ‘prepare’, ‘absorb’, ‘recover’ and ‘adapt’.
These are specified into ten resilience principles. These resilience principles are in turn specified into
31 policy theme operationalisations, which are specified into 85 drought resilience indicators. As final
part of the design phase, a recommended procedure-of-use was developed. This gives guidance on
how the framework should be applied and consists of four distinct phases: the assessment preparation
phase, the assessment conduction phase, the follow-up phase and an optional phase in which an ex-
ante policy evaluation is conducted.

The Absorb-phase of the designed assessment framework was applied in a case study in the Dutch
region of Twente. For this, the preparation and conduction phases of the recommend procedure-of-
use were followed. Using the thus gained experience on the usability of the (Absorb-phase of the)
framework, it was concluded that design requirements for the framework’s credibility and visualisation
are (mostly) met. However, the design requirements for the frameworks salience are only partially
met, while the design requirements for the framework’s legitimacy are mostly not met. As this
validation phase consisted of only one case study that only followed the first six steps of the procedure-
of-use (and thus no follow-up steps with the assessment results have been undertaken), the (feasibility
of the) incorporation of the assessment framework in its context of use, as well as the framework’s
flexibility, were not validated in this study. Following this validation, a significant number of points of
improvements were identified. A common denominator in these was the lack of participation from
prospective users in the total design cycle. It would have added greatly to the framework’s credibility,
legitimacy and salience if prospective users participated in setting the design requirements and
participated in an evaluation of the framework and its assessment results. Moreover, an element
significantly impacting the salience of the assessment framework was that the assessment framework,
is very laborious to apply. For full application of the designed assessment framework, significant
resources are likely required, especially in the time investment. This reduces the framework’s usability.

To conclude, this study is structured through appliance of design science methodology. Theoretical
design requirements are developed based on scientific literature on good-practice for RAFs. Guided by
these design requirements, an existing RAF has been adapted into the design of an assessment
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framework for the drought resilience of a region. One out of four phases within this designed
assessment framework has been applied in a case study in Twente, providing experience with its
performance. Based thereupon, an evaluation on the framework’s usability took place, leading to
several important points of improvement for the designed assessment framework.

7.2.Recommendations for further research
Multiple recommendations for further research can be distilled from this study.

It is recommended to conduct additional research in which prospective users play an important
participative role. First off, it would be highly relevant if these prospective users could participate in
the validation of the assessment framework to come to better informed points of improvement.
Moreover, it is recommended to conduct a new loop of the Design Cycle during which the prospective
users should obtain a more participative role in the development of design requirements. In this new
loop, also the complete assessment framework should be applied, instead of only one out of four
phases, as was done in this study with the Absorb-phase.

Furthermore, considering the laboriousness that the case study, in which only 1/4%" of the framework
was applied, it would be highly relevant to investigate a manner in which the designed assessment
framework can be applied if resources are low. How can the framework be simplified, without it losing
its comprehensiveness?

Lastly, this study excluded the implementation and evaluation phases of the design cycle by Wieringa
(2014). Once the adapted requirements are verified and met, it is recommended to complete the
engineering cycle and analyse the implementation and evaluation of the designed assessment
framework in practice.
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Appendices

Appendix A —The designed Assessment Framework for Regional Drought Resilience
including indicator explanations

In the subsequent sections, the assessment framework for regional drought resilience is presented,
including indicator explanations. For this, each resilience principle and their accompanying
operationalisations and indicators are presented in their own sub-appendix.
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Appendix A.1 Anticipation and Foresight Principle

Phase

Principle

Operationali-
sation

Table A. 1 Identified indicators for the [1100] Anticipation and Foresight principle.

Indicators

Explanation

Key references

[1100]
Anticipation and Foresight

[1110]
Building
knowledge
about
disturbance,
exposure,
vulnerability

[1120]
Continuous
monitoring
of slow
variables

[1130]
Information
management
and sharing

[1111] Existence of regional
climate scenarios

[1112] Assessment of regional
drought vulnerability

[1113] Mapping critical
functions during drought hazard

of environmental factors

[1122] Continuous monitoring
of human factors

[1123] Continuous monitoring
and evaluation for drought-
protective infrastructure
[1131] Access of institutions to
scientific information and data
relating to droughts

[1132] Effective mechanisms for
(drought) information storage
and sharing are present

[1133] Presence of platforms of
exchange among drought-
related actors

Regional climate scenarios and modelling of their effects are the core of further predictions of trends and
patterns regarding droughts. Having these scenarios gives improved understanding on the likelihood of
drought occurrence and development in the region.

With in-depth studies of economic, social and environmental (cascading) effects of drought hazards with
special attention to critical functions (i.e. potable water network, road-, rail- and water safety infrastructure,
medical facilities, communication lines, high-impact industry), there is a solid understanding to base
contingency plans on.

Mapping of vulnerable economic and environmental assets and critical functions in drought-prone areas can
serve as a first priority establishment.

With regard to the natural factors, one can think of geological, atmospheric and oceanic phenomena. The El
Nifio and La Nifa effects and land subsidence could be examples.

With regard to human factors, one can think of water extraction and pollution affecting water availability
and quality.

With regard to drought protective infrastructure, one can think of green infrastructure, water reservoirs and
water network linkages.

The available drought hazard-related knowledge and information should be independently and swiftly
accessible to all relevant parties, i.e. government agencies and research institutions, in order to set out best
steps and make strategic policy choices.

To accomplish effective information management for the more tangible forms of knowledge, effective, open
and shared information management tools which facilitate integration (i.e. data archives, open access,
reports, policy documents) should be in present.

More intangible forms of knowledge benefit from platforms of exchange, such as brainstorm sessions and
workshops, among relevant parties (i.e. policy officials, municipal representatives, project coordinators, ...),
as a discussion table bringing people and their ideas together.

(Godschalk, 2003;
Gunderson, 2009; Lu &
Stead, 2013)

(Cutter et al., 2008; Davoudi
et al., 2013; Linkov et al.,
2014; Lu & Stead, 2013; Tyler
& Moench, 2012)

(Godschalk, 2003)

(Carpenter et al., 2001)

(Gober et al., 2016)

(Chelleri et al., 2015;
Davoudi et al., 2013; Lu &
Stead, 2013)

(Gupta et al., 2010; Moench,
2014; Pahl-Wostl, 2007;
Tyler & Moench, 2012)

(Pahl-Wostl, 2007)

(Moench, 2014; van den
Brink et al., 2014)
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Appendix A.2 Preparedness and Planning Ahead Principle
Table A. 2 Identified indicators for the [1200] Preparedness and Planning Ahead principle.

Phase

Principle

Operationali-

Indicators

Explanation

Key references

sation
[1211] Credible and correct In order to create awareness, the disclosure of credible and correct information on drought risk, both in (Lu & Stead, 2013;
drought information is general and in specific for a potentially upcoming drought, via various channels should be standard practice Schipper & Langston,
disclosed via various by respective governance institutions to households and community organizations 2015)
channels
[1210] Public
awareness, risk [1212] Educating the public Increasing the mitigation capability of the population is achieved through effective and broad drought risk (Gupta et al., 2010; Norris
communication, | with guidance documents to training and with the provision of scripts for action and guidance documents in case a drought hazard occurs. et al., 2008; Schipper &
education and minimize impact of drought Langston, 2015)
training hazards
[1213] Develop drought risk Apart from understanding the system and the drought, there should be targeted drought risk communication (Norris et al., 2008)
communication strategies for  strategies in place for affected stakeholders, i.e. residents, industry, to ensure they are received.
affected stakeholders
‘ B _through targeted campaigns
o [1221] Multiple and reliable (Emergency) measures need to be communicated with the public in order to get a timely response. This is (ARUP, 2014; Norris et al.,
= communication technologies  best done with multiple different ICTs. 2008)
e to for disseminating
I [1220] information
= = Response and [1222] Presence of drought Drought hazard guidance documents for the authorities, i.e. regional drought hazard management plans, (Raadgever et al., 2018)
=2 T emergency hazard guidance documents drought hazard mitigation plans, emergency response plans and contingency plans, are key in adequate
= i management for the authorities management.
3 [1223] Presence of reliable Reliable early warning systems are essential to provide enough lead time to take actions and extend the (Raadgever et al., 2018;
S drought early warning window of opportunity for important decisions Sharafi et al., 2020;
R sstems . Wihite2002)
@' [1231] Information on Economic sectors prone to droughts (i.e. agricultural and forestry) are provided with information to foster an (Godschalk, 2003; Orhan,
& drought-related risks is understanding of drought-related threads, associated risks and vulnerabilities in the business operation as 2016)
available for drought prone well as opportunities
[1230] economic sectors o . . .
[1232] Presence of exchange  The participation of drought prone economic sectors in formal or informal networks of knowledge exchange (Lonsdale et al., 2010;
Preparedness networks for drought prone can facilitate spread and uptake of information and networks can broaden the potential action possibilities. Sutton & Tierney, 2006)
of drought economic sectors
prone
CEOTEIIE [1233] Drought is factored in Drought prone economic sectors (i.e. agricultural and forestry) factor the impacts of drought hazards into (Lonsdale et al., 2010;
sector for the business practice of their business practice (i.e. in business continuity and contingency plans). than, 2016; Sutton &
drought prone economic Tierney, 2006)
adverse events
sectors
[1234] Qrought prone The drought insurance ratio is seen as a good proxy to find to what extent economic sectors are preparing (Khatibi et al., 2019; Meza
economic sectors have . A . . . L
. their sectors for drought, decreasing vulnerability and increasing resilience. etal., 2019)
drought insurance
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Operationali-

sation

Appendix A.3 Homeostasis Principle

Table A. 3 Identified indicators for the [1300] Homeostasis principle.

Indicators

[1311] Policies are in place for
natural areas and ecosystem

Explanation

Ecosystem services have a stabilizing effect for the desired regime and prevent tipping over critical
thresholds. Through policies towards conservation of natural areas and ecosystems, threats to these

Key references

(Biggs et al., 2012;
Orimoloye et al., 2021)

[1300]
Homeostasis

[1310] conservation ecosystem services, such as overexploitation, pollution, habitat destruction, introduction of invasive species
Preservation and deforestation, are decreased.
and [1312] Ecosystem services are Ecosystem services are commonly perceived as free public goods, frequently leading to the 'tragedy of the  (Biggs et al., 2012;
restoration of | valuated in drought policies commons'. Their values, if valued at all, are based on economic marginal value and are therefore often  Sekercioglu, 2010; Small et
regulating based on their ecological, socio-  drastically underestimated when the service becomes scarcer. Ecosystem services should therefore notonly ~ al., 2017)
ecosystem cultural and economic value be valued based on their economic value, but also on their ecological value and socio-cultural value.
services [1313] Policies are in place to Especially in urban environments ecosystem services are often neglected or deteriorating. By having specific  (Biggs et al., 2012;
create or increase urban policies towards creating more urban greenery (i.e. green parks, green roofs, urban canopy cover), these =~ Wardekker et al., 2010)
greenery ecosystem services are directly improved.
[1321] Human resources in Human resources in terms of number, skills and continuity have a significant impact on how well a regionis  (Urquijo et al., 2017; Wilhite,
drought management are prepared for drought. All these aspects should be adequate for proper drought management practices. 2002)
[1320] adequate
Integrated [1322] Integrating drought Integration of drought management practices with other policy domains, i.e. spatial planning, drainage (ARUP, 2914; Runhaar et al.,
L management in other policy plans, urban development, ensure cross-sectoral collaboration and make for more effective outcomes. For 2(_)09; Smit & Wandel, 2006;
. domains is mainstreamed this, mainstreaming the incorporation of the drought policies in these other policy domains is key. Ideally, ~ Uittenbroek et al., 2013)
coordination A L . . - . -
and there is a common underlying vision between the different policy domains with an explicit role for drought.

collaboration

[1330]
Inclusiveness
and equity
standards

[1323] There are sufficient
bridging mechanisms between
drought management and other
policy domains

[1331] Support of government
authorities for vulnerable
population is adequate and
aims at social equity

[1332] There is an appropriate
level of transparency and
accountability in policy-making
processes

[1333] Ex-ante policy
assessments with a focus on the
distributional consequences is
appropriately mainstreamed

If policy domains are to be integrated, they need to function well together: one missing link may hamper
implementation of all others. As such, bridging mechanisms, such as specific actors, policies, legislation and
other tools and instruments, that link and align the different strategies, are essential.

Certain groups of the population are particularly vulnerable to drought effects, based on i.e. age, health or
economic welfare. To facilitate these (marginalized) groups and achieve equity, government authorities
should 1) know who are vulnerable and where they live, and 2) provide them with supportive resources and
assistance, i.e. tailor-made mitigation programs based on specific needs, and legal rights and entitlements.
Processes surrounding policy-making and financial expenditures of governing authorities should be
transparent to the public. Additionally, it should have accountability mechanisms which the public can use
to counter poor performance or (perceived) unjust allocation of risks and benefits. Such accountability
mechanisms have shown to incentivise policy-makers to reduce destabilizing conflicts and strengthen weak
links in society. It thus exhibits a stabilizing effect.

Proper ex ante policy assessments with an explicit focus on the distributional consequences (regarding
uneven social and spatial impacts) of the potential implementation of drought management policies and
measures, should be appropriately mainstreamed in policy-making processes.

(Kern et al., 2019; Raadgever
etal., 2018)

(Norris et al., 2008; Tyler &
Moench, 2012; Zarafshani et
al., 2016)

(Folke, 2006; Gupta et al.,
2010; Lebel et al., 2006; van
den Brink et al., 2014)

(Adger et al., 2005; Helming
etal, 2011)

[1340] Clearly
defined

[1341] Responsibility for
drought management is legally

and clearly defined

There are many governing authorities and other stakeholders involved in drought management. These
should have legally-binding and clearly defined responsibilities, tasks and roles. This includes the legal
financial liability in case damages due to drought effects occur.

(Gupta et al., 2010;
Raadgever et al., 2018; van
den Brink et al., 2014)
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Phase

Principle

Operationali-
sation
stakeholder
responsibilities

[1350] Quick
notification of
disturbances

Indicators

[1342] The definition of
responsibilities in drought
management is sufficiently
transparent

[1343] Stakeholders are
sufficiently aware of their
responsibilities and roles in
drought management
[1351] Information on
(oncoming) droughts can be
gathered in a timely manner
[1352] Drought information
dissemination to relevant
stakeholders has an appropriate
rapidity

Explanation

The defined distribution of responsibilities, tasks and roles of governing authorities and other stakeholders
involved in drought management should be sufficiently transparent for these stakeholders as well as for
stakeholders not directly involved in drought management

The distribution of responsibilities, tasks and roles in drought management are not only defined in a clear,
legally binding and transparent manner, but all involved stakeholders are also aware of their own and
other's responsibilities, tasks and roles. This also holds for the general public.

Especially before and during acute drought crises, the information on (oncoming) droughts should be
gathered in a timely manner, i.e. through a comprehensive drought early warning system. , to widen the
window of opportunity for appropriate policy decisions.

Especially before and during acute drought crises, the gathered information on (oncoming) droughts should
be disseminated to relevant stakeholders in a timely manner. That way, the window of opportunity to make
appropriate policy decisions is as wide as possible and adaptations to the SES can be made to maintain its
functions.

Key references

(de Bruijn, 2004; Raadgever
etal.,, 2018)

(Bruneau et al., 2003; Gupta
et al., 2010; van den Brink et
al., 2014)

(Lu & Stead, 2013;
Raadgever et al., 2018;
Wilhite et al., 2014)
(Lu & Stead, 2013;
Raadgever et al., 2018;
Wilhite et al., 2014)
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Appendix A.4 Robustness and Buffering Principle

Phase

Principle

Operationali-

Table A. 4 Identified indicators for the [2100] Robustness and Buffering principle.

Indicators

Explanation

Key references

[2100] Robustness and Buffering

sation

[2110]
Measures and
installations
towards low
water demand

[2111] There is sufficient
presence of (structural)
measures and installations to
decrease water demand

[2112] There is a functioning
process of periodical
assessment and improvement
of present (structural)
measures and installation to
reduce water demand

The robustness to droughts can be improved through (structural) measures and installations decreasing
water demand. This includes all of industrial, agricultural, environmental and household water demand.
These can be in the form of physical measures such as continuous water leak detectors, water levees, highly
efficient irrigation systems, evaporation-blockers in freshwater lakes, water-reuse facilities, but also social
behavioural measures through i.e. communication strategies.

To ensure the reduced water demand through the (structural) measures and installations is maintained, they
have periodic assessments and improvements where possible. This could be in the form of periodic
assessments of the efficiency of the water distribution network and the system of weirs, but also of steering
on innovations for further water demand reduction.

(Godschalk, 2003; Mens,
2015)

(Cutter et al., 2013; Mens,
2015)

[2120] Creating
buffer
capacities

[2121] The baseline water
stress during a dry year is
absent

[2122] Sustainable water
storage capacity exceeds
demand under drought
conditions

[2123] The regional water
sources are sufficient quality
[2124] There is a sufficiently
large regional financial buffer

To assess the possibility to create a water buffer capacity, the baseline water stress during a dry year is seen
as a highly relevant proxy. The lower the baseline water stress is, the more water there is available to create
the buffer capacity. In order to calculate the water stress, the water balance provides information on the
water demand and the renewable supply.

If there is a large water buffer within the region, a period of drought will have less impact on the region's
functionalities. However, for this to happen, there must also be sufficient sustainable water storage capacity
in the region. Water storage capacity can be improved through, among other things, adapted water level
management, natural soil management (such as steering for higher concentration of organic matter),
additional surface storage (rain barrels, ponds, inundation-proof built environment) and artificial recharge
of aquifers (or Managed Aquifer Recharge, such as with green infrastructure or additional infiltration basins).
The water quality of the available volumetric water buffer (both surface water and ground water) within the
region should be sufficient to use for the intended functions.

A high financial buffer capacity is relevant as drought can have severe economic impacts across a region, and
as such is related to how well the population could handle economic downturn due to drought hazards. This
can be both directly in i.e. agriculture, forestry, shipping, and indirectly i.e. due to property damages from
land subsidence.

(Meza et al., 2019; van
Ginkel et al., 2018)

(Crossman, 2018; Mens,
2015)

(Meza et al., 2019; van
Ginkel et al., 2018)

(Cutter et al., 2010; Meza et
al., 2019)

[2130] Impact
and risk
reducing spatial
planning and
planning
practice

[2131] Drought risk is
sufficiently embedded in
spatial planning

[2132] There is sufficient
attention to drought and its
effects in laws and regulations

[2133] Drought resilience is
actively and sufficiently

Certain land use practices can be unsustainable in areas with higher drought risks. By embedding these
drought risks in the spatial planning, these risks are directly mitigated, making the system more robust than
otherwise would be the case. This can be i.e. through land consolidation when functions vulnerable to
droughts are situated in areas vulnerable to drought, as well as in the design of the (public) spaces.

Laws and Regulations can play an important role in achieving a higher level of drought resilience, through
for example drought-proof building codes and spatial regulations. These include both structural safety for
the built environment itself, as well as 'spatial/environmental safety' where the built environment aids in
water scarcity prevention in its direct vicinity. For the prior, safety standards to combat drought-induced
effects (such as from land subsidence) on critical infrastructure (i.e. dikes, roads, canals and subsurface
infrastructure) or high-rise buildings are relevant. For the latter, it could include quotas water infiltration
within the project’s surface area or norms for water-efficient facilities in and around the built environment.
Drought resilience of nature should be an explicit element in nature management strategies. This ensures
that the nature is managed in such a way that it can better withstand droughts and better recover after the
drought has passed. This can be done in various ways, for instance through conscious groundwater level

(Godschalk, 2003; Hoa &
Vinh, 2018; Tyler & Moench,
2012)

(Fu & Tang, 2013; Godschalk,
2003)

(Fu & Tang, 2013; Kooyers,
2015)
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Phase Principle Operationali- Indicators Explanation Key references

sation

incorporated in nature management, but also by planting drought-resistant vegetation. This applies to both nature reserves and
management strategies public green spaces.

Infiltration of precipitation leads to increased (ground)water storage and slows down the water outflow from  (Debusk & Wynn, 2011;
the region. For infiltration, a permeable soil is a necessity. The higher the percentage of impermeable soilsa  Kavdir et al., 2014)
region has, the less water can infiltrate to recharge the groundwater storage and the quicker water flows

out of the region.

[2134] The region has (a high
percentage of areas with)
permeable soils
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Phase

Appendix A.5 Redundancy Principle

Principle

Operationali-

Table A. 5 Identified indicators for the [2200] Redundancy principle.

Indicators

Explanation

Key references

[2000] Absorb

[2200] Redundancy

sation

[2210]
Institutional
redundancy
with
overlapping
functions and
roles

[2220]
Technological
redundancy in
important
functions and
services

[2230]
Compart-
mentalization
and modularity

[2211] Presence of a multilevel
polycentric drought
governance system

[2212] The regional drought
governance system is well-
coordinated

[2221] There is a sufficient
level of redundancy
mechanisms for and in
drought-sensitive critical
infrastructure and networks

[2222] There is a sufficient
level of redundancy within
ecosystem services

[2231] There is a sufficient
level of institutional
modularity (self-reliance) of
parties within the drought
governance system to
decrease or prevent high-risk
cascading effects between
parties

[2232] There is a sufficient
level of compartmentalization
within drought-sensitive
critical infrastructure to avoid
cascading drought effects

The drought governance system should be somewhat decentralised to the local and regional level and thus
have multiple decision-making centres ('polycentric') at different levels of government (‘multilevel'). Each
of these decision-making centres has an appropriate degree of autonomy on drought management. This
autonomy should also be suitably embedded in the authority of the higher level of government, ensuring
overlap of roles and functions. If this is the case, higher levels of government have a well-functioning
monitoring function to establish minimum requirements, and lower levels of government have the freedom
to go beyond these minimum requirements based on their own ambitions.

For a governance system to work adequately, it is dependent on strong and clear vertical as well as
horizontal coordination such that collaboration is fostered and every stakeholder knows its role, function,
rights and responsibilities within that system, and acts upon them.

Drought has many (indirect) chain effects. This is particularly important in drought-prone critical
infrastructure and networks, such as communication lines, transport networks, drinking water distribution
network or underground infrastructure networks. In the presence of functional redundancy in systems,
these chain effects can be mitigated. Functional redundancy in critical infrastructure ensures 'safe failure'
of system components, where alternative components can take over the function of the failed component.
In drought, for example, this could mean a highly interconnected water distribution network, where local
problems can be solved through other components and it does not cause larger service interruptions.
Ecosystem services refer to the direct and indirect benefits an ecosystem has on humanity. Within an
ecosystem, different flora and fauna have different functions. Through environmental policies focused on
redundancy within these functions, the different ecosystem services can be maintained for a prolonged
period of time during a drought hazard, even though some flora and/or fauna may not survive the drought.
Examples of ecosystem services that may come under pressure due to prolonged droughts and its
consequential ecological damages include: regulation of soil and water quality, regulation of local and
regional climates, regulation of soil erosion, preservation of wildlife habitat, shielding from sight and sound
pollution, nature tourism, preservation of cultural heritage.

If an organisation (e.g. water board or a municipality) within the drought management system (the
organisation in which parties involved in drought management are contained and organized, either directly
in decision-making or indirectly as a sounding board) cannot perform its functions and roles for whatever
reason, this may affect what another organisation can do in its functions and roles. This may be because,
for example, the drought management-related available capacities (human and/or financial capital) at one
organisation is (strongly) affected by what another organisation can make available. By incorporating a
sufficient level of institutional modularity or self-reliance (and thereby reducing dependency between
organisations) within the drought governance system, these negative effects are mitigated or even avoided.
In the presence of sufficiently compartmentalised systems within critical infrastructure (such as
communication lines, transport networks, drinking water distribution network or underground
infrastructure networks), the effects of a failing system (sub)component can remain controlled within that
specific (sub)component (e.g. by closure), without having negative effects on other (sub)components. This
way, cascading (indirect) effects of drought are mitigated or prevented.

(Aligica & Tarko, 2012; Biggs et
al., 2012; Brody et al., 2018;
Carlisle & Gruby, 2019; Nelson
et al., 2007; Pahl-Wostl et al.,
2020; Villamayor-Tomas, 2018)

Morisson et al. 2023, Pahl-
Wostl and Knieper 2023]

(Tyler & Moench, 2012)

(Orimoloye et al., 2021;
Sekercioglu, 2010; Turkelboom
etal., 2013)

(Biggs et al., 2012; Tyler &
Moench, 2012)

(Biggs et al., 2012; Tyler &
Moench, 2012)
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Appendix A.6 Diversity Principle

Principle

[2300] Diversity

Operationali-
sation

[2310]
Functional
diversity

[2320]
Economic
diversity

[2330]
Institutional
diversity

Indicators

[2311] The water supply
portfolio has a sufficient level
of diversification

[2312] There is a sufficient
level of spatial distribution of
drought-sensitive critical
infrastructure, industry and
services across the region
[2321] There is a low regional
economic dependency on
sectors vulnerable to drought
[2322] There is a sufficient
level of economic diversity
within sectors vulnerable to
drought

[2331] There is a just level of
institutional disciplinary
variety within the drought
governance system

[2332] There is an appropriate
level of institutional
managerial disparity within
the drought governance
system

[2333] There is an appropriate
level of institutional balance
within the drought
governance system

[2334] There is sufficient
presence of effective drought-
centred partnerships and
platforms for networking and
knowledge exchange between
different stakeholder groups,
both sectoral as well as cross-
sectoral

Table A. 6 Identified indicators for the [2300] Diversity principle.
Explanation

The most important function to maintain during a drought is the water supply. Having a potentially highly
diverse water supply portfolio, significantly improves the region's ability to absorb the drought hazard. The
water supply portfolio could be extended through additional water transport modes coming in from other
regions, or with alternative water sources within the region.

Due to the spatial distribution of drought-sensitive critical infrastructure, industry and services across the
region, they differ in potential exposure and vulnerability to the drought hazard. Critical infrastructure
includes i.e. communication, transport networks, water use distribution network or infrastructure grids.
Critical industry includes i.e. industry of high regional economic importance and which is sensitive to drought
or water scarcity. Critical services include i.e. the fire brigade and physical and mental health services.
Drought hazards will have a smaller impact on a diversified regional economy than an economy that is
dependent on drought-prone sectors (i.e. agriculture, forestry).

Drought hazards will have a smaller impact on drought-prone sectors if these establish economic diversity
within their business-practices with revenue sources that are less drought-prone. An example could be
through broadening activities such as towards the tourism-sector or subsidized ecosystem services.

An appropriate degree of diversity of disciplinary background (different government levels, but also sectors
with high drought interests) of stakeholders within the drought management system (the organisation in
which parties involved in drought management are contained, either directly in decision-making or indirectly
as a sounding board) leads to great diversity and creativity in solutions. In this way, the different disciplinary
backgrounds of the parties can fill knowledge gaps, make connections and identify challenges. In addition,
the broad representation ensures that all interests are considered in these solutions. Moreover, this broad
stakeholder involvement also increases institutional memory, which helps in finding new solutions.

A specific administrative structure within an organisation can lead to a particular form of solution-oriented
and strategic thinking. By having an appropriate degree of administrative inequality within organisations in
the drought governance system, a more diverse palette of ideas can be put forward, possibly leading to
better solutions. This administrative inequality can take the form of the organisations' sizes, cultures,
experience levels of human capital, funding mechanisms and internal structures, among others.

The various parties within the drought management system must have an appropriate degree of balance in
order to function optimally and reduce the likelihood of neglecting certain interests. In essence, this means
establishing an agreed and fair "evenness" of the numerical number of parties from each sector within the
decision-making centres, as well as the power of the parties present within them.

The interaction, knowledge exchange and collaboration between different stakeholder groups (both within
their own sector and cross-sectoral, e.g. governments, academia, industry, agricultural sector, NGOs and
citizens) are crucial for effective decision-making in times of uncertainty and change. This is best
operationalised through both formal and informal collaboration between these stakeholder groups, with
appropriate and sufficient platforms for acquaintance and knowledge exchange (such as periodic workshops,
brainstorming sessions and symposia).

Key references

(Gonzales & Ajami, 2019; Tran et
al., 2023)

(Edwards et al., 2019; Pahl-Wostl,
2007; Tyler & Moench, 2012)

(Coulson et al., 2020; Cutter et
al., 2010; Meza et al., 2019)

(Swarnam et al., 2018; Tamburini

et al., 2020)

(Biggs et al., 2012; Folke et al.,
2005; Grét-Regamey et al., 2019;
Urquijo et al., 2017)

(Edwards et al., 2019; Pahl-Wostl,
2007; Tyler & Moench, 2012)

(Stirling, 2007)

(ARUP, 2014; Folke et al., 2005)
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Appendix A.7 Flatness Principle

Principle

[3100] Flatness

Operationali-
sation

[3110]
Institutional
decentralization
and autonomy

[3120] Broad
and inclusive
stakeholder

participation

[3130] Room
for autonomous
change

Indicators

[3111] Local and regional
governing bodies have
appropriate legal capabilities
to make autonomous
decisions, authorize plans and
legislate tailor-made policies
and measures

[3112] Local and regional
governing bodies have
sufficient financial
independence

[3121] Non-governmental
stakeholders are sufficiently
and actively involved from an
early stage in policy-making
for drought

[3123] There is a high societal
trust in governing authorities

[3131] Drought prone
economic sectors are
sufficiently guided
autonomous drought
adaptation

[3132] The public has
sufficient guidance on how to
mitigate drought impacts
through small-scale measures
on private property

[3133] The public has
sufficient opportunity to form
legal voluntary organizations
for small-scale autonomous
projects

Table A. 7 Identified indicators for the [3100] Flatness principle.
Explanation

The adaptive capacity for quick recovery is higher when the legal authority to make autonomous decisions,
authorize plans and legislate tailor-made policies and measures is appropriately decentralized to local and
regional governing levels. Such an appropriate level of decentralization allows for policy-making that is
tailored to the local/regional situation. In addition, with their decentralized structure, the local and regional
governing bodies are able to appropriately respond to differing scales of the drought through applying
knowledge suitable for specific socioecological, geographical and environmental contexts. Therefore, they
can develop locally-informed and scale-specific action and interventions.

Apart from the legal authority to make autonomous decisions, authorize plans and legislate tailor-made
policies and measures that comes with an appropriate level of decentralization to the local and regional
governing bodies, these bodies should also have sufficient financial independence to do so.

Participatory policy-making is an important element in creating flatness for quick recovery from a drought
hazard. Active and early involvement of non-governmental stakeholders in drought policy-making results in
a shared understanding of issues. Such a shared understanding is the starting point for coordinated action,
mobilization of resources and self-organization in case of a (drought) hazard. Furthermore, it can result in a
feeling of shared ownership which safeguards ongoing and sustained action from communities after the
implementation of policies and measures.

In order to have a broad participation and maintain stakeholder participation, a high level of societal trust
in the governing authorities is required. Societal trust directly impacts the willingness of citizens and other
stakeholders to come to compromises and comply with demands and regulations, which often have short-
term sacrifice for longer-term benefit.

One of the key components of flatness is strengthening the capacity of the drought-struck economic
sectors to self-organize and self-regulate (i.e. autonomous adaptation). To do so, these economic sectors
should have sufficient opportunities to achieve funding and find possible solutions, tools and guidance on
how they can mitigate the drought impacts in a manner that is not detrimental for planned adaptation
from the formal drought management policies.

One of the key components of flatness is strengthening the capacity of the public to self-organize and self-
regulate through small-scale measures on private property (i.e. autonomous adaptation). To do so, the
public should have sufficient opportunities to achieve funding and find possible solutions, tools and
guidance on how they can mitigate the drought impacts through such small-scale measures on private
property, in a manner that is not detrimental for planned adaptation from the formal drought
management policies.

Having opportunities to form legal (voluntary) organizations, raise funds and undertake activities based on
the emerging local/regional needs, results in a significant increase in bottom-up initiatives and
autonomous small-scale projects for drought mitigation. This directly increases the capabilities of the
public to self-organise.

Key references

(Biggs et al., 2012; Lebel et al.,
2006; Raadgever et al., 2018;
Tanner et al., 2009)

(Kntppe & Pahl-Wostl, 2013;
Lebel et al., 2006)

(ARUP, 2014; Biggs et al., 2012;
van den Brink et al., 2014;
Wardekker et al., 2010)

(Brown, 2022; Wheeler et al.,
2017)

(Schelfaut et al., 2011; Tuihedur
Rahman et al., 2021; Wardekker
etal., 2010)

(Schelfaut et al., 2011; Tuihedur
Rahman et al., 2021; Wardekker
etal., 2010)

(Tyler & Moench, 2012)
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Appendix A.8 High Flux Principle

Principle

[3200] High Flux

Operationali-
sation

[3210]
Availability of
and access to
resources

[3220] Social,
institutional
and
environmental
networks

[3230] Having
options for
flexibility in
response

Indicators

[3211] The mechanisms for
financial support after
drought-induced damages are
sufficiently swift to apply for
[3213] The mechanisms
providing supportive
resources and assistance to
vulnerable population in
drought-struck areas are
sufficiently swift

[3214] The influence of
corruption is negligible in
regional drought management

[3221] There is sufficient
presence of partnerships and
networks with an explicit role
for the drought context
[3222] There is a sufficient
level of social cohesion within
and between communities

[3223] Governing authorities
sufficiently and actively aim to
improve social networks
within and between
communities

[3224] Environmental areas
have a sufficiently high
connectivity

[3231] The human resources
within the drought
governance system can cope
with changing conditions
sufficiently well

Table A. 8 Identified indicators for the [3200] High Flux principle.
Explanation

An important element in the recovery of drought struck parties is a swift pay-out through (drought)
insurances or contingency funds or damage reimbursement from national, regional or municipal funds. For
this to be swift, pre-event arrangements on legal liability of drought-induced damages are required, as well
as on the prerequisites to be eligible for the contingency funds.

The ability of the population to quickly recover from drought-induced effects depend to a great extent on
their specific socioeconomic situation. Certain groups within a drought-struck population are especially
vulnerable and as such have additional needs, based on i.e. their age, health, or economic welfare. There
should be mechanisms in place to provide additional supportive resources and assistance to these groups
and these should be sufficiently swift.

In order to plan for and respond to disturbances such as drought, governing authorities need to be both
willing and able to act. Corruption, which often sears during crises, erodes both the authorities” will to act
(through preventing incentives) and its ability to act (through draining of resources and worsening societal
trust). As such, controlling and preventing corruption is an essential element in resilience building.
Through the establishment of strong formal and informal partnerships and networks that have an explicit
role for the drought context, drought information sharing is incited, mutual trust is developed, and a flow
of resources and ideas is generated more easily. This can i.e. be in the form of drought forums or bilateral
aid agreements. This way, the rapidity of recovery is increased.

Through the establishment of strong formal and informal social networks, the social cohesion within these
networks is significantly improved. This leads to an improved flow of resources and ideas within these social
networks during hazardous situations. These networks can be improved through local and community-level
projects

To further improve the social cohesion within and between communities, governing authorities should play
an important role in connecting to and strengthening existing networks and community-led initiatives.
Governing authorities should also sufficiently contribute to the emergence of new social networks.

Having a high connectivity in environmental areas (i.e. nature reserves, but also urban greenery patches)
and thereby having accessible biodiversity is pivotal in ecosystem recovery after a disturbance. Connecting
habitat patches and landscapes, i.e. through green—blue-infrastructure, ensures that required links
between ecosystems are preserved or improved, and the ecosystems can recover more rapidly.

The cascading effects of droughts are inherently uncertain. Therefore, also the most appropriate measure
during a drought hazard is subject to change under changing conditions. The human resources within the
drought governance system should be able to cope with these changing conditions. This can be fostered
through i.e. explicit education on leadership, entrepreneurship and skills development in changing
conditions.

Key references
(ARUP, 2014; Tyler & Moench,

2012; van den Brink et al., 2014)

(Godschalk, 2003)

(Brown, 2022; Meza et al., 2019)

(Biggs et al., 2012; Norris et al.,
2008; Tyler & Moench, 2012; van
den Brink et al., 2014)

(de Bruijn, 2004; Folke, 2006;
Norris et al., 2008)

(Biggs et al., 2012; Norris et al.,
2008; Tyler & Moench, 2012; van
den Brink et al., 2014)

(Biggs et al., 2012; Folke, 2006;
Gunderson, 2009; Holling, 2001)

(ARUP, 2014; Moench, 2014;
Tyler & Moench, 2012)
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Appendix A.9 Learning and Reflectivity Principle

Table A. 9 Identified indicators for the [4100] Learning and Reflectivity principle.

Principle

[4100] Learning and Reflectivity

Operationali-
sation

[4110] Capacity
to reflect and
learn from past
experiences in
drought
management
policy

[4120]
Experimentation
and innovation

Indicators

[4111] Lessons learnt from
previous drought hazards are
comprehensively formulated
and documented in accessible
reports

[4112] The performance of
drought management plans
and strategies are
continuously evaluated and
lessons learnt are formulated
in accessible reports

[4113] Emerging drought
management research is
continuously monitored to
learn lessons from

[4114] Learning outputs
continuously inform drought
management policy changes,
plans, strategies and
standards

[4121] There are sufficient
opportunities for safe-failure
of experiments in order to
innovate in alternative
approaches and policy designs
[4122] Drought management
policies are informed by
innovations in alternative
approaches and policy designs

Explanation

Past experiences foster understanding and anticipation of when and where a hazard occurs and what
cascading impacts it can have due to system failures, but also on the recovery and adaptation of the
region after that event. These experiences can be utilized to enhance preparedness for the following
drought hazards, if the lessons learned are comprehensively documented and documented in accessible
reports.

Each experience from past or present drought management policy can inform future drought
management policy plans. Therefore, it is highly relevant that policy-makers monitor the performances of
their drought management activities (i.e. the plans and strategies they implemented). Based on this
monitoring, comprehensive and accessible lessons learnt need to be drafted.

Apart from own past experiences, lessens can also be learnt from emerging research into drought
management. It must be mainstreamed by policy-makers to continuously monitor this research field to
learn lessons from, such that they always have the most recent knowledge available.

Although writing the lessons learnt-reports does inform those who made the report, it does not
immediately influence the regional resilience at large. To do so and really make use of the available
knowledge from past experiences, the lessons learnt must be internalized into the region’s drought policy
(i.e. planning, implementation activities, preparedness and recovery mechanisms). Effective mechanisms
should be in place that ensure iteration and incorporation of new information from the lessons learned in
strategies, policy development and decision-making.

As knowledge on socioecological systems inherently harbours uncertainties, experimentation is of great
significance to build resilience. In order to have opportunities to make discoveries and innovate in
alternative approaches and designs, it is important that failures are allowed and spaces for safe-failure are
created. An important part in this is in the financial support of such experimentation, from small-scale
experiments to large research projects.

Similar to the learning outputs from past experiences, learning outputs from innovative experiments are
only useful once they are internalized in the process of drought policy-making. Effective mechanisms
should be in place that ensure measures and policies are informed by the new information from
experiments and innovations.

Key references

(Cutter et al., 2008; Gunderson,
2009; Schipper & Langston, 2015;
van den Brink et al., 2014)

(Cutter et al., 2013; Gupta et al.,

2010; Lonsdale et al., 2010)

(Lonsdale et al., 2010)

(Davoudi et al., 2013; Folke,
2006; Schipper & Langston, 2015;
Tyler & Moench, 2012)

(Biggs et al., 2012; Folke, 2006;
Lonsdale et al., 2010)

(Davoudi et al., 2013; Folke,
2006; Schipper & Langston, 2015;
Tyler & Moench, 2012)
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Appendix A.10 Flexibility Principle

Principle

Operationali-

Indicators

Table A. 10 Identified indicators for the [4200] Flexibility principle.

Explanation

Key references

[4000] Adapt

[4200] Flexibility

sation

[4210]
Institutional
flexibility

[4220]
Flexibility in
spatial planning

[4230]
Flexibility in
measures

[4211] There is sufficient
flexibility in the organizational
structure of the drought
governance system

[4212] There is sufficient
flexibility in the content
agenda of the drought
governance system
[4213] There is sufficient
flexibility in the processes
within the drought
governance system

[4221] Spatial planning is
sufficiently flexible to
accommodate adaptations
based on new insights
[4222] Convertibility is
sufficiently integrated in the
strategic design of the urban
environment

[4231] No- and low-regret
measures are sufficiently
employed in drought
adaptation

[4232] Long-term effects of

measures are sufficiently well
considered and prevented

Institutional flexibility is a prerequisite for adaptive governance and organizational learning and counteracts
institutional path dependency. Through a sufficiently flexible organizational structure, the drought
governance system offers possibilities to adapt the formal and informal rules which arrange the
collaboration processes between stakeholders, i.e. mutual agreements and rules of collaboration. Mutual
trust between stakeholders is another key-element in this.

Institutional flexibility is a prerequisite for adaptive governance and organizational learning and counteracts
institutional path dependency. Through a sufficiently flexible content agenda, the drought governance
system offers possibilities to adapt scope, time horizon and goals of the drought management activities (i.e.
plans and strategies) based on new insights from i.e. policy evaluations or changing climate conditions.
Institutional flexibility is a prerequisite for adaptive governance and organizational learning and counteracts
institutional path dependency. Through sufficiently flexible interaction processes, the decision-making
processes can be speeded up or slowed down when wished for. Additionally, there are flexible arrangements
that should be open and inclusive to participation from different stakeholders and allow for somewhat fluid
stakeholder composition over time, with the aim of learning and changing the focus of the drought
governance system.

With the emergence of new insights, some functions may prove unsustainable to have in a certain area. To
decrease the regional vulnerability to droughts, these functions may need to be adapted. Spatial planning
should accommodate for this through sufficient flexibility in terms of the locality and quantity of land-use
and space dedicated to particular functions.

Adapting the built environment to changing climate conditions often takes significant time and costs due to
the high density of complex built up areas with a long design lifetime. Through mainstreaming the
incorporation of convertibility and versatility in built environment design, required transformations are
much easier to make. This can be done through strategic design for convertible structures and multi-use
spaces allowing short/long-term conversions in the use of space and buildings under changing conditions.

Drought has significant inherent uncertainties, both for the drought itself (where, when and how severe?)
as well as in its effects across social, economic and environmental domains. These uncertainties can be
somewhat counteracted through the implementation of no- and low-regret measures, which do not require
significant funding and are effective for a broad range of possible future scenarios.

Another element in installing flexibility in measures, is that they should limit the range of future possible
measures as little as possible, i.e. through strategic designs exhibiting reversibility measures and structured
assessment of solutions for short-term problems to the problems caused in the far future. Through
mainstreaming this idea in policy practices, path-dependencies are counteracted. This includes the
measures themselves, as well as the financial commitments to these measures.

(Lonsdale et al., 2010; Pahl-
Wostl, 2007; van Buuren et al.,
2015)

(Lonsdale et al., 2010; Pahl-
Wostl, 2007; van Buuren et al.,
2015)

(Lonsdale et al., 2010; Pahl-
Wostl, 2007; van Buuren et al.,
2015)

(Hurlimann & Wilson, 2018; van
Buuren et al., 2013; Vinh & Van,
2020)

(Hurlimann & Wilson, 2018; van

Buuren et al., 2013; Vinh & Van,
2020; Wardekker et al., 2010)

(Bryan et al., 2019; Henao Casas
et al., 2022; Wilhite, 1992)

(Huntjens et al., 2010; Wardekker
etal., 2010)
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Appendix B — Indicator assessment methods for the Case Study Implementation

In this Appendix, the different indicator assessment methods are elaborated upon. This includes a total
of 6 indicators that are quantitatively assessed through credible open data sources. In addition, an
overview is presented on which indicators have been asked to which (type of) stakeholders.

Appendix B.1 Indicator [2121] Baseline water stress during dry year is absent

The baseline water stress could be easily calculated using the water balance of Twente (Van Tuinen et
al., 2022). For this, the ratio of the total annual water consumption to the annual natural water supply
(thus excluding additional water supply through from the Dutch national water network) is used. The
final indicator score is calculated as follows:

total annual natural water supply Twente

Score = MIN(5;5* -
[2121] ( total annual water consumption Twente

In which the total annual natural water supply for Twente equals 898.7 Mm?3, and the total annual
water consumption for Twente equals 1119.9 Mm?3 (Van Tuinen et al., 2022).

898.7 * 10® m3
Scorepp11) = MIN| 5;5 % 11199+ 106 m3 ) = 4.01

Appendix B.2 Indicator [2123] The regional water sources are sufficient quality

The water quality score is dependent on two elements: surface water quality and groundwater
quality. Both are given their own score. The score for the indicator [2123] as a whole is the average
of these two separate scores. The final indicator score is calculated as follows:

Score[z123) = 0.5 * (Score[2123]5urface + Scorer123160una)

Surface water quality

Province Overijssel periodically assesses the surface water quality (every 3 or 4 years). To do so,
Province Overijssel looks at the ecological target gap from the European Water Framework Directive.
These results are spatially divided over 6 regions. Twente covers three of these: Region NorthEast
Twente (NET), Region SouthEast Twente (SET) and Region West Twente (WT). The surface water
quality score equals the average target gap score of these three smaller regions.

TgScoreNET + TgScoreNET + TgScoreNET) )

SCOT‘e[2123]Swface = MAX (O, ( 3

With Tgscore; = MAX (0; 5— Average target gap in region; * 20 )

The average target gaps for the three regions are quite similar. Each of the regions have an average
target gap of 11-17% (Provincie Overijssel, 2020). See also Error! Reference source not found.. For this
calculation, the averages are set at 14%. Hence, the score for the surface water quality is as follows:

22+22+22
22+22422)) gy

SCOT‘e[2123]Squace = MAX (0, ( 3
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Figure B. 1 Overview of average target gaps from the WFD within Twente (Provincie Overijssel, 2020).

Groundwater quality

Through the National Groundwater Quality Monitoring Network, KWR presents an online report on
the groundwater quality in principle every three years (the most recently published is however from
2018) (KWR, 2018). In these, the concentrations of pesticides, medicine and other anthropogenic
substances are compared to their reporting threshold as well as their signalling value. This was done
through a net of spatially distributed groundwater quality measurement columns. Based on the
measurements, the groundwater from that specific measurement column was either graded ‘good’
(below the reporting threshold), ‘medium’ (above the reporting threshold but below the signalling
value), or ‘insufficient’ (above the signalling value). To calculate the score for the groundwater quality,
the ratio of total measurements within the region is to the number of measurements that are
medium/insufficient is used. In this calculation, a measurement column with a ‘medium’ score is seen
as half an ‘insufficient column.

Nmeasurementsmtal — 0.5+ NMeasurementsmedium - NMeasurementsbad

SCOT€21231r0una = 2 * N
Measurementsgotql

In total, there are 27 groundwater measurement columns situated within Twente during the 2018

measurement round (KWR, 2018). Only 1 of these was scored ‘good’, 8 scored ‘medium’ and 18 scored

‘insufficient (KWR, 2018). See also Error! Reference source not found.. Hence, the score for the

groundwater quality is as follows:

27—-05%x8—-18
Score[2123]Ground = 5 * 27 =
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Figure B. 2 Groundwater quality measurement column, adapted from KWR (2018).

Total score water quality indicator [2123]
Following these results for the surface water and groundwater quality, the final indicator score for

indicator [2123] is as follows:

Scorepy123) = 0.5 * (Score[2123]Surface + Score[2123]amund) =05%(22+093)=16

Appendix B.3 Indicator [2124] There is a sufficiently large regional financial buffer

To determine the score for the regional financial buffer, there has been made use of the annual
benchmark of the financial situation of all Dutch municipalities by the accountancy firm BDO (BDO,
2022). In their 2022 report, BDO looked at the municipalities’ annual accounts of the year 2020. In this
benchmark, all municipalities receive a numerical score for their financial ‘health’ and buffer between
1 and 10, based on their solvency, net/adjusted debt ratio, land exploitation, structural exploitation
space, and tax capacity. As the financial situation of one municipality is less influential for the region
as a whole than the financial situation of another municipality, it has been decided to incorporate the
relative population from the CBS (CBS, 2023b) in the final indicator score. This way, a large municipality
such as Enschede or Hengelo, have a more significant impact in the final indicator score than a
relatively small municipality such as Borne or Losser. The final indicator score is calculated as follows:

Scorepz124) = SUMl-l:l“(O.S * Scoregpo, * RelativePopulation,)

With ’i" being one of the fourteen municipalities within Twente. See Error! Reference source not
found. for the scores per municipality. This leads to a final indicator score of:

Scorepp124) = SUME;“(O.S * Scoregpo, * RelativePopulationi) = 3.81
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Table B. 1 Regional Financial buffer per municipality, based on BDO (2022).

Relative BDO Score Economic Relative score Total
Municipality Population population Score buffer Economic Buffer  score
Twente 631000 100% 3.81
Almelo 73000 12% 6 3 0,35
Borne 24000 4% 3 1,5 0,06
Dinkelland 26000 4% 9 4,5 0,19
Enschede 160000 25% 8 4 1,01
Haaksbergen 24000 4% 7 3,5 0,13
Hellendoorn 36000 6% 6 3 0,17
Hengelo (0.) 80000 13% 7 3,5 0,44
Hof van Twente 35000 6% 10 5 0,28
Losser 23000 4% 4 0,15
Oldenzaal 32000 5% 8 4 0,20
Rijssen-Holten 38000 6% 8 4 0,24
Tubbergen 21000 3% 10 5 0,17
Twenterand 34000 5% 9 4,5 0,24
Wierden 25000 4% 9 4,5 0,18

Appendix B.4 Indicator [2134] The region has (a high percentage of areas with) permeable
soils

To determine the percentage of areas with permeable soils in the Twente region, data from the CBS
on land use has been used (CBS, 2017). This dataset has data for Twente as a region and differentiates
between different types of terrains: 1) traffic area: 2) Built-up area, 3) Semi-built-up area, 4)
Recreational area, 5) Agricultural area, 6) Forest and open natural areas, 7) Inland water, and 8) Outer
water. As simplification for the case study, terrain types 1 to 3 are seen as impermeable, whereas
terrain types 4 to 8 are seen as permeable. The indicator score is calculated using the ratio of the total
surface area of permeable soils to the total surface area and is as follows:

AtOtalTwente

Scorejy134) = 5 *
Arecreatianal + AAgricultural + AForest + AInlandWater + AOuterWater

The surface areas are presented in Error! Reference source not found.. This leads to a final indicator
score of:

A
Scorepyi34 =5 * totalrwente =43

Arecreatianal + AAgricultural + AForest + AInlandWater + AOuterWater

Table B. 2 Surface areas of different terrain types in Twente (CBS, 2017).

Total Twente 150377

Recreational 3714
Agriculture 100718
Forest 23417
Inland water 1600
Outer water 0
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Appendix B.5 Indicator [2321] There is a low regional economic dependency on sectors
vulnerable to drought

To come to a numerical score for the dependency of the region on sectors vulnerable to drought,
especially the agricultural sector is of relevance for Twente. The dependency of the regional economy
on this sector can be determined through the added value of the agricultural complex (in Dutch:
‘agrocomplex’) to the total added value in the region. The agricultural complex refers to the direct and
indirect set of activities surrounding agriculture and the food industry. This approach lends itself ideally
to looking at the interconnectedness of agriculture with the rest of the economy. As a severe drought
won’t only impact the agricultural sector itself, but also all supporting services to the agricultural
sector, this is especially relevant.

The province-level is the most spatially detailed level for which data is available on the agricultural
complex. Although not an actual match with the spatial scale of Twente as case study region, the data
from the province Overijssel (in which Twente lies) is seen as a sufficiently relevant proxy, assuming
the province’s data translate quite well to the would-be data for Twente.

In setting a numerical score for the economic dependency on drought prone sectors, or in this case the
agricultural sector, it is assumed that if the dependency is 0%, the region receives the highest score
(5). If the dependency is 225%, the region receives the lowest score (1). All percentages in between
result in a gradual range between 1 and 5. This leads to the following formula to be used:

- DepAgricultureOverijssel
Scoregconomicpiversity = O — 025 * 4

The added value from the agricultural complex in Overijssel in the year 2021 is €1248 million (CBS,
2021b). The total added value of Overijssel in the year 2021 was €42725 million (CBS, 2021a).

As such, the economic dependency of Overijssel on the agricultural complex is as follows:

AddvalAgricultureOverijssel _ €1248 * 106
AddvalTotOUerijssel €42725 * 106

DepAgricultureOverijssel = = 0.029 = 2.9%

This leads to the following score for the economic dependency of the region on drought prone regions:

Depagri ij 2.9%
SCOTeEconomicDiversity —5_ pAgrlcuét;t;eOverussel w4 =5 — . 250 «4 =45

Appendix B.6 Indicator [2322] There is a sufficient level of economic diversity within sectors
vulnerable to drought

To come to a numerical score for the economic diversification of drought prone sectors, there is looked
at the average share of expansion activities (in Dutch ‘verbredingsactiviteiten’) on the annual revenue
of the agricultural sector, based on relatively recent data from the CBS (CBS, 2020). This dataset
describes the number of agricultural firms that have a certain type of expansion activity (i.e.
agritourism, or agricultural education). Moreover, the dataset describes the share of these expansion
activities in the annual revenue of the agricultural firms (low, medium, high). The dataset itself is
presented in Error! Reference source not found.. Assuming a larger share of expansion activities in the
annual revenue of the agricultural firms results in these agricultural firms being less vulnerable to
drought, combining these two data types can result in a score for their economic diversification away
from drought-prone economic activities. The province-level is the most spatially detailed level the
dataset has. Although not an actual match with the spatial scale of Twente as case study region, the
data from the province Overijssel (in which Twente lies) is seen as a sufficiently relevant proxy,
assuming the province’s data translate quite well to the would-be data for Twente.

Page | 82



In setting a numerical score for the economic diversity within drought prone sectors, or in this case the
agricultural sector, it is assumed that if expansion activities account for 0% of the total annual revenue
within the sector the region receives the lowest score (1). If it accounts for 225% of the total annual
revenue, the region receives the highest score (5). All percentages in between result in a gradual range
between 1 and 5. This leads to the following formula to be used:

-1 ShareProportionExpansionActivities 4
ScoreEconomicDiversity =1+ 0.25 *

To find the proportion of the expansion activities within the total annual revenue of the agricultural
sector, several steps have to be taken. Firstly, the number of agricultural firms that have such
expansion activities are summed up. From this, it can be concluded that approximately half of all
agricultural firms (49.8%) have at least some expansion activities included in their business operation.
Thereafter, it is calculated how many agricultural firms fit within each bracket share of the expansion
activities in the annual revenue.

To calculate how many firms that have expansion activities that result in a certain proportion ‘i’ of their
total annual revenue (being either low (<10%), medium (10%-50%), or high (>50%)), the following
formula is applied:

NFirmsWithExpansionActivitiesWithRevenueProportion(i) =

NFirmsWithExpansionActivities * ShareFirmsWithRevenueProportion(i)ShareOfExpansionActivities

Table B. 3 Dataset on the expansion activities of agricultural firms in the province Overijssel, based on CBS (2020). The
yellow rows are calculated based on the presented formulas.

Expansion activity Unit Absolute Relative to total

Total number of agricultural firms in Overijssel Number 6648 100%

Doorstep sales Number 566 9%

Storage of goods or animals Number 281 4%

Agritourism Number 253 1%

Processing agricultural products Number 111 2%

Special care farm Number 77 1%

Aquaculture Number 3 0%

Contract work for third parties Number 445 7%

Agricultural nature and landscape management Number 966 15%

Agricultural childcare Number 33 0%

Agricultural education Number 151 2%

Energy production, supply to third parties Number 428 6%

Total number of agricultural firms with expansion activities Number 3314 49.8%

Share of expansion activity in annual revenue (<10%) | % of firms that have (unknown) 60%
expansion activities

Share of expansion activity in annual revenue (<10%) Number 1988 30%

Share of expansion activity in annual revenue (10%<50%) | % of firms that have (unknown) 22%
expansion activities

Share of expansion activity in annual revenue (10%<50%) Number 729 11%

Share of expansion activity in annual revenue (>50%) | % of firms that have (unknown) 18%
expansion activities

Share of expansion activity in annual revenue (>50%) Number 597 9%

As the revenue proportions are given in quite broad ranges, these need to be transformed into a
singular value per range in order to do calculations towards the total share of expansion activities
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within the total annual revenue of the agricultural sector. For this, the values in Error! Reference
source not found. are used.

Table B. 4 Assigned singular values for each original range.

Original Range in Share of expansion  Assigned singular value for the share of
activity in annual revenue  expansion activity in annual revenue

<10% | 5%
10%-50% | 30%
>50% | 60%
Based on this information, the total share of expansion activities within the total annual revenue of
the agricultural sector can be determined. With ‘i’ again being a certain proportion of the total annual
revenue (being either low (<10%), medium (10%-50%), or high (>50%)), This is done through the
following formula:

ShareProportionExpansionActivities
=SUM (ShareFirmsWithRevenueProportion(i)ShareOfExpansionActivities

* PAssigned.S‘ingularValueForFirmsWithRevenueProportion(i))

This results in the following share of expansion activities within the total annual revenue of the
agriculture sector:

ShareproportionExpansionactivities = (30% * 5%) + (11% * 30%) + (9% * 60%) = 10.2%
This leads to the following score for the economic diversity within drought prone sectors:

ShareProportionExpansionActivities 10.2%

SCOTeEconomicDiversity =1+ 0.25 x4 =1+ 0.25

+4=26
Appendix B.7 Interview indicator selection

In Table B. 5 an overview is presented on the relevant (types of) stakeholders for each indicator. This
scheme served as starting point in deciding which indicators would be discussed during each interview.
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Table B. 5 Relevant stakeholder (groups) per indicator as applied in the case study.

Phase Principle Policy operationalisation Indicator Qual.? Stakeholder (group) for which indicator is relevant Total
number
1 2 3 4 6 8 9 10 relevant
groups
[2110] Structural measures [2111] There is sufficient presence of (structural) measures and installations to decrease water y X X X X X 7
0o . . demand
c and installations towards low - - — -
= [2112] There is a smooth-running process of periodical assessment and improvement of present
Q water demand . ) Y X X X X X 7
£ (structural) measures and installation to reduce water demand
g [2121] The baseline water stress during a dry year is absent N _
j . . s N
. 2122] The sustainable water storage capacity within the region exceeds demand under drought
o [2120] Creating buffer [2122] g€ capacity g g v X | x| x| x X x | x | x 10
b capacities conditions
§ P [2123] The available regional water sources are of sufficient quality N
_§ [2124] There is a sufficiently large regional financial buffer N
e X [2131] Drought risk is sufficiently embedded in spatial planning Y X X X X X X X 7
<) [2130] Impact and risk - — - - - -
S . X X [2132] There is sufficient attention to drought and its effects in laws and regulations Y X X X X X 5
= reducing spatial planning and — - - — - - -
— lannine practice [2133] Drought resilience is actively and sufficiently incorporated in nature management strategies Y X X X X X 5
P &P [2134] The region has (a high percentage of areas with) permeable soils N _
[2210] Institutional [2211] The regional drought governance system is polycentric and multilevel with an appropriate v X X X X 6
redundancy with overlapping | level of decentralisation and division of autonomy
Ef functions and roles [2212] The regional drought governance system is well-coordinated Y X X X X X X X 9
2 ‘rg“ [2220] Functional [2221] There is a sufficient level of redundancy mechanisms for and in drought-sensitive critical v X X X X X 7
§ 3 redundancy in important infrastructure and networks
< & functions and services [2222] There is a sufficient level of redundancy within ecosystem services Y X X 2
§ [2231] There is a sufficient level of institutional modularity (self-reliance) of parties within the y X X X X X X X 9
o~ odularity to rought governance system to decrease or prevent high-risk cascading effects between parties
: [2230] Modularity t d h d high-risk ding eff b i
mitigate cascading effects [2232] There is a sufficient level of compartmentalization within drought-sensitive critical
. ) . Y X X X X X 6
infrastructure to avoid cascading drought effects
[2311] The water supply portfolio has a sufficient level of diversification Y X X X 6
[2310] Functional diversity [2312] There is a sufficient level of spatial distribution of drought-sensitive critical infrastructure, v X X X 3
industry and services across the region
- o . [2321] There is a low regional economic dependency on sectors vulnerable to drought N
= [2320] Economic diversity - — — —
g [2322] There is a sufficient level of economic diversity within sectors vulnerable to drought N
g [2331] There is a just level of institutional disciplinary variety within the drought governance system Y X X X X X X X 9
=) [2332]There is an appropriate level of institutional managerial disparity within the drought v X X X a
E governance system
= [2330] Institutional diversity [2333] There is an appropriate level of institutional balance within the drought governance system Y X X X X 6
[2334] There is sufficient presence of effective drought-centred partnerships and platforms for
networking and knowledge exchange between different stakeholder groups, both sectoral as well as Y X X X X X X X X 10
cross-sectoral

18

Total number of relevant indicators per stakeholder (group) ‘
Where: Qual. means qualitative and part of case study interviews, and;
1) Safety region, 2) Fire brigade, 3) Waterboard, 4) Province, 5) Rijkswaterstaat, 6s) Municipality, 7) Water company, 8) (Interest groups) Nature management, 9) (Interest groups) Economy and Industry, 10) (Interest groups) Agricultural sector.
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