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ABSTRACT

The problem of floods in urban areas is increasing worldwide due to the drastic change in land cover of the urban
areas by the expansion of hard surfaces. Alongwith climate change, there is an increase in precipitation which will
cause flood more in the future years, and traditional stormwater managementis not enough to tackle the problem.
So, there is a need to adapt to the flood by enhancing the Nature-based Solutions (NbS). Enschede city in the
Netherlands is no exception to this risk of urban flooding during heavy showers. The municipality of Enschede
has a goal to limit the damage caused by floods while also maintaining the green in the city. Considering NbS
measures to adapt to the flood in Enschede city can be the best way to deal with it.

Hence, this study aims to review the local adaptation of urban floods by integrating NbS in a few of the
neighborhoods of Enschede. The local flood adaptation is studied by analyzing the resident’s perception of the
urban flood problem and areas affected by it and people’s preference of NbS by assessing the adaptive capacity of
those affected areas. The study also tries to evaluate the effectiveness of local flood adaptation by integrating NbS
by exploring the adaptive capacity of the neighborhood and comparing itamong the focused neighborhoods. Apart
from flood prevention, NbS also has many benefits. Also, the study tries to understand if p eople’s knowledge of
the co-benefits of NbS can help make people adaptive to urban floods.

For this, data were collected from the residents in the neighborhood of Lasonder-Zeggelt, Stevenfenne, and
Twekkelerveld of Enschede municipality. The data collection was carried out during April 2021, when there was a
tough time due to the pandemic of Covid-19 and its restrictions. Though it was tough to carry out fieldwork, it
was possible because of the online map-based survey tool “maptionnaire.” Almost 150 households: 52 from
Lasondet-Zeggelt, 55 from Twekkelerveld, and 54 from Stevenfenne neighborhoods responded. The questionnaire
covered the thematic areas of experience of flooding, NbS at household and neighborhood scales, its benefits and
disservices, and the institutions and initiatives to coordinate activities for NbS.

The study revealed that the people perceived the cause of urban floods in Enschede municipality to be poor
drainage, high groundwater level, and excessive rain, but it differs according to the neighborhood. Similarly, the
preference of NbS also varies according to their level of exposure to the flood. Neighborhoods less affected by
flood prefer NbS like Fagade gardens more for other benefits like visual attractiveness rather than flood prevention.
Furthermore, the study also revealed that the adaptive capacity to urban floods depends on various factors like the
socio-economic background of the residents. So integrating NbS as the adaptive measure is not enough for the
adaptation. Also, one of the remarkable things discovered in the study is that there are still many households
without any NbS. Hence, there is much possible to improve flood prevention by scaling up the NbSin households.
The municipality needs to focus on the ability and willingness of residents to adopt NbS and develop adaptation
strategies according to it for effective adaptation.

Keywords: Nature-based Solutions, urban flood, adaptation, adaptive capacity, benefits, disservices
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NATURE-BASED SOLUTION (NBS) FOR LOCAL ADAPTATION OF NEIGHBORHOOD TO URBAN FLOODING: A CASE STUDY OF ENSCHEDE, NETHERLANDS

1. INTRODUCTION

This chapter explains the background of the research topic. First, a brief overview of the research is discussed, and
a research gap is identified. Further, the research problem is conceptualized with the primary objective, sub-
objective, and related research questions. Then methodological outline is briefly discussed to get to the result. The
chapter ends with the framework of the thesis structure.

11.  Background andJustification

Cities are referred to as the engine of economic growth (Colenbrander, 2016). Nonetheless, they are also very
vulnerable to the impacts of climate change, such as extreme temperatures, flooding, droughts, and intense
storms(White, 2010). Cities globally are prone to many urban disasters due to climate change and anthropogenic
factors of rapid urbanization, leading to a drastic change in land cover and land use. An urban disaster like urban
flooding is caused by urbanization and aggravated by climate change. The urban flood risks have intensified with
the metropolitan areas losing connection with nature, disturbing the biodiversity and ecosystem. Theleading causes
of an urban flood are increased impervious land due to urbanization and increased rainfall intensity due to climate
change. These causes are very dynamic and hard to control to mitigate the disaster. As mitigation refers to the
efforts to reduce the impactofa disaster (Coburn etal,, 1994), it focuses more on the conceptof resistance through
controlling the environment. At the same time, adaptation tries to achieve resilience by maintaining a state to
respond to changing events. Hence, adapting to the risk is as much crucial as mitigating it to achieve stability to
survive, adaptand grow in the crisis.

Adaptation is defined as the process of adjustment while mitigation is defined as a human intervention to reduce
the risk.” The trouble is generally mitigated through complex engineering, which embeds the risk of raised
anthropogenic driven threat of infrastructure. It could therefore have a long-term detrimental effect on the ability
of cities to competein the modern age and subsequently reduce the quality oflife of citizens. Thelack of adaptation
thinking translates into greater vulnerability, given that irrespective of mitigative efforts, continued climate change
is inevitable. Where mitigation strategies fail to reduce risk, adaptation can help to lessen the impacts of the risk.
In practice trying to adapt may reduce the capability to mitigate. Previously, in climate change plans, the focus was
on developing mitigative agenda, but it was realized that effects would arise irrespective of the efficiency of any
measure; the adaptation was seen as an equal part of the solution. Adaptation and mitigation should also notbe
considered as operating independently.

Among many urban risks like extreme weather, urban heat island, pandemics, urban floods are getting more
common in most cities globally. From coastal towns to even inland cities like Beijing (Zhang et al., 2016), rainfall
events get more frequent due to climate change (IPCC, 2013). Urban flooding or pluvial (surface water) flooding
is the flooding in urban areas caused by intense and prolonged rainfall, which overwhelms the drainage system's
capacity in modern towns and cities due to increased imperviousness of catchment (Pradhan-Salike & RajPokharel,
2017). In recent years, the increase in frequent severe urban flood events has exposed a predominantly narrow
technocentric engineered protection approach (White, 2010). Hence, this brings the paradigm shift from industrial
engineered defense to the need to work with nature for sustainability.

Realizing the need fora comprehensiveapproach to promoting sustainable urbanization, “Nature-Based Solution”
(NDS) as a novel concept of actions imitating nature (Walters et al, 2016) was coined in the early 21st century.
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NbS promotes the renewal of the ecosystem and enhancement of climate change adaptation and mitigation to
improve risk management and resilience (Stagakis, 2020). IUCN and European Commission have been promoting
this concept of NbS for the synergies between nature, society. The economy and IUCN have defined NbS as
“actions to protect, sustainably manage and restore natural or modified ecosystems that address societal challenges
effectively and adaptively, simultaneously providing human well-being and biodiversity benefits” (Walters et al.,
2016, p. 2).

Traditional stormwater management or grey infrastructure generally combined sewage systems for stormwater and
wastewater drainage is not enough to deal with urban flooding. It is hard to keep up with the rapid urbanization
and the expansion of grey infrastructure accordingly. Hence, the introduction of green and blue infrastructure
(NDBS) and grey infrastructure helps control urban flooding. NbS increases infiltration, reduces surface runoff
reduction for the adaptation of flood risk, and maintains an urban ecosystem promoting biodiversity. Hence,
recently researchers analyze the effectiveness of adopting Nature-Based Solutions (NbS) to enhance ecosystem
services to better adapt to various hazards in the urban system for sustainable urban development and resilience
(Lafortezza et al., 2018; Maes & Jacobs, 2017). It helps manage surface water by infiltration, storage, and
evapotranspiration throughout the rainfall-runoff process while using plant or soil systems to reduce pluvial flows
(Rai, 2013). Of many other approaches of NbS, infrastructure-based practices to reduce urban flooding risk are
mainly green infrastructure (e.g., bioswales, rain gardens, permeable pavements, urban wetlands, and green roofs)
and blue infrastructure (e.g., ponds, wetlands, floodplains, water treatment facilities). Green and blue measures are
cost-effective solutions to societal challenges and help build resilience against climate change (Raymond etal., 2017)
with additional economical, ecological, and social benefits(Huang et al., 2020). Thus, addressing urban flooding
with an unconventional strategylike NbS has a great prospect. The adaptive measures can be introduced in various
scales and approach feasible to the specific context.

NbS for the adaptation to urban flooding needs space in the land owned by different public and private
stakeholders (Trell & van Geet, 2019). Most of the lands in urban areas are generally privately owned compared to
the publicly owned. Hence, without considering these privately owned lands for NbS, we cannot achieve the
desired ground solution oflocal adaptation of urban flooding. So, citizens and local institutions need to co -operate
and interact about their respective roles and responsibilities for integrating the NbS in the community and
household level to successfully adapt the urban area to escalating flood risk (Trell & van Geet, 2019). Thus, for the
efficient adaptation of risk, the capacity of people in a system to cope with the risk (IPCC, 2014b) should be
analyzed. Analysis of the adaptive capacity of the neighborhood will help us understand how NbS on the different
scales can help build the ability of the people in a community to adapt to the urban flood risk and what should be
considered beyond the sensitivity and exposure of the risk.
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1.2.  StudyScopeandarea

Enschede is a municipality in the east of the Netherlands in
Overijssel province, as seen in figure 1. Thecity has ten districts
and 70 neighborhoods with 160,000 inhabitants.

The city is prone to urban flooding. During heavy rain
excessive amount of water suddenly needs to be drained
(Gemeente Enschede, 2012), which causes various problems
like an overwhelmed sewer system, damage to buildings, and
blocked roads. The frequency and magnitude of these
problems are expected to increase due to climate change and
population growth. The Royal Netherlands Meteorological
Institute projected that the rainfall would intensify in the
Netherlands in future years (KNMI, 2014). So, there will be
increased pressure on the urban drainage system. Accordingly,
many municipalities, including Enschede in the Netherlands,

need to improve their drainage management to address Figure 1-1: Location of study area

probable water nuisance due to pluvial flooding.

Hence, the municipality has identified areas sensitive to it ‘\Y _ *‘*ﬂ_ ‘_

flooding and initiated Nature-based Soluton (INbS)
implementation. These NbS include not only large green and

blue projects on a city-scale like the Kristalbad wetlands shown
in figure 1-2 and the Stadsbeck city stream at the neighborhood
level (All Measures | Green-Blue Enschede, n.d.). Also, it
includes smaller green measures initiated by residents at a
household level like the “Zo groen” campaign that encourages
people to green the street together by building the facade
gardens (Enschede Becomes So Green Green-Blue Enschede,
n.d.). These projects provide additional water retention and Figure 1-2 Kristalbad wetland as NbS
reduce the rainwater runoff with the help of infiltration of
water in the ground, decreasing the load in the current sewer
systems. The municipality owns 30 % of the land, whereas the
rest of 70% is private land. The city has come up with creative
solutions like encouraging residents to implement green
measures in their houses to utilize the best 70% of private land
that limits the damage caused by flooding while maintaining
biodiversity and human wellbeing.

Hence, the city of Enschede is the right study area to Figure 1-3 Height Differences in Twente and position
understand how NbS can help in local adaptation of flooding, ~ 0f Enschede (Source: Regge & dinkelwater board)
The elevation maps shown in figure 1 and 2 explains that Enschede is relatively high, and the difference in height
within Enschede is approximately 44 meters (Gemeente Enschede, 2012). The elevation map in Figures 1-3 shows
that the western areas of Enschede are more susceptible to pluvial flooding as the water flows and accumulates
from east to west. In addition, the groundwater level is high due to less water extraction with the decline of the
textile industry, which also increases groundwater nuisance in lower parts, as shown in the cross-section of
Enschedein figure 1-4 (Gemeente Enschede, 2012). Hence, the lower positions in the west are more susceptible
to flood.
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Flooding in Enschedeis because of the surface water inundation due to an intensive period of precipitation and
high groundwater level. In recent years increment in impermeability and high groundwater level due to less
extraction of water has raised the waterlogging and flooding

Ciimate change: more rain in short time
alternated with more drought

AR R I///

Nuisance in lower parts is increased
by fast removal of the higher parts

Groundwater level again v
from before the factories

nuisance in lower districts

Pathmos

among others

Figure 1-4 Cross- section of the elevation of Enschede explaining how there is problem of flood in Enschede
(Gemeente Enschede, 2012)

1.3. Research Problem

Enschede has many projects about Nature-based Solutions (NbS) for various urban risk adaptation. Such projects
are implemented by Enschede municiaplity on a large scale to improve mitigation of the risk, but little is explored
about the implementation of NbS in local scale for the adaptation of the risk. Also, there is limited study on the
people’s perception of the urban flood and NbS. There is a lack of scientific or societal research on the local
adaptation of urban flood risk by integration of NbS .

Hence, in relation to this study tries to bridge this research gap by first understanding the resident’s perception of
urban flood situation. Then, analyzes vatious NbS people have and would like to have that would affect
effectiveness of the flood adaptation. The effectiveness is then analyzed by the assessment of adaptive capacity of
people in neighborhood. It explores if NbS help people to adapt to the urban flood risk.

Along with adaptation, NbS as adaptive measures has various benefits and disservices that cannot be overlooked.
There seems to be a knowledge gap in also the studyof the perception of people towards it and how it mightaffect
the adaptive capacity. Hence, the study also tries to analyze if this factor might indirectly help flood adaptation of
the focus area. Thus, the purpose of flood adaptation research is vital to understand if any place can adapt to the
risk of urban flooding with the help of NbS. The typical application of research is that adaptation efforts related
to NbS can be focused on areas with the highest exposures and least adaptive capacity.

14. Researchobjective

The main research objective is to understand the local flood adaptation of the neighborhood by integrating NbS
and evaluating its effectiveness by assessing flood adaptive capacity of the neighborhood.

Sub-objectives for the research are further discussed below:
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* To understand the residents' perception of the urban flood situation and identify areas affected in the
focus area

* To identify NbS preferences of NbS in household and at the neighborhood levelin the areas affected in
the focus area.

* To explore adaptive capacity of the neighborhood to urban flooding.

* To analyze resident’s perceptions of benefits and disservices of NbS and their relation with adaptive
capacity.

1.41. Research Question

The research problem leads to the following research questions as listed below:

1. To understand the residents' perception of the utban flood situation, and identify areas affected in the focus
area
*  According to residents of the case study, which area is affected by the urban flooding in their household
and the neighborhood?
*  Whatis the perception of people towards urban flooding?

*  What factors, according to residents, are causing urban flooding?

2. To identify NbS preferences of NbS in household and at the neighborhood level in the areas affected in the
focus area.
*  Whatare the NbS practiced helping adaptation of urban flooding on a household and neighborhood scale?
*  Whatare the NbS preferences in the study area on a household and neighborhood scale?
*  Are people willing to apply it for urban flood adaptation at the household level?

3. To explore adaptive capacity of the neighborhood to urban flooding.
*  What are the indicators to determine the adaptive capacity of the neighborhood to the urban flooding
considering NbS?
*  Whatdoes the difference in adaptive capacity in various neighborhoods clarify?

4. To analyze resident’s perception of benefits and disservices of NbS and its relation with adaptive capacity.
*  Whatis the perception of residents regarding the co-benefits and disservices of NbS?
* Howdo the benefits of NbS relate to adaptive capacity?

1
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1.5. Research Outlines

This thesis comprises seven chapters as per the following sequence:

Chapter 1: Introduction

This chapter includes a brief introduction to the project. Its background and justification for the research with
objectives and research questions to be answered. It also has a brief explanation of the study area and why the
research is significant.

Chapter 2: Literature Review

This chapter includes the theoretical background of urban flooding, adaptation, adaptive capacity, Nature-based
Solution, ecosystem services of Nature-based Solutions. From the literature, various factors affecting each of the
critical concepts are studied. The determinants, indicators, and factors influencing are identified, discussed, and
used in the methodology for the analysis.

Chapter 3: Study area and Method
This chapter presents a brief explanation of the context of the case study area. At the same time, the method
section describes the data collection methods and framework for various analyses.

Chapter 4: Analysis and Results

This chapter presents a brief analysis of the data from the maptionnaire to understand more about the context of
the study area and multiple factors and determinants affecting the problem in the study area. It also presents the
analysis of the adaptive capacity and calculation of the adaptive capacity index of the selected study areas and the
cultural ecosystem services of those study areas. Comparison of the established neighborhoods based on the
adaptive capacity based on NbS. Analysis of the weakness as well as strengths of each study area.

Chapter5: Discussion of the Results
This chapter looks over the key findings of the research objectives. Furthermore, it tries to examine if the results
are valid according to the corresponding literature.

Chapter 6: Conclusion and Recommendations
This chapter summarizes the findings and the methodology followed in the research, discusses the limitations, and
recommends a way forward for further study.




NATURE-BASED SOLUTION (NBS) FOR LOCAL ADAPTATION OF NEIGHBORHOOD TO URBAN FLOODING: A CASE STUDY OF ENSCHEDE, NETHERLANDS

2. LITERATURE REVIEW

This chapterincludes reviews of existing relevant literature regarding the concepts applied to carry out the research.
It comprises the idea of an urban flood, NbS, adaptation, and adaptive capacity. Finally, it concludes with the
conceptual framework used as the basis for this research. The conceptual framework explains how all these
reviewed concepts are connected and binds the study to give meaning to the results.

21. Flood Hazard

Flood is a common hazard worldwide and has been defined as temporary submersion of a land area that is usually
not covered by the water (Garcia & Ollero, 2016). However, a rise in the level of water level or exceeding flow
volume of the water sources due to intense and extensive precipitation in the water body might not always cause
a flood. The cause can be dependent on various aspects. As Hong et al. (2013) explain, it can also occur when the
soil's absorptive capacity is exceeded. However, the “flood risk” is however different from the flood. According
to Article 2 (European Union, 2007, p.3), flood risk is “#he combination of the probability of a flood event and the potential
adverse consequences for buman health, the environment, cultural heritage, and economic activity”’ Hence, floods are natural
phenomena, but the risk due to flood to humans depends on various factors, and some of the human activities can

reduce the impact of the flood events.

Flooding is classified mainly into four categories: coastal flood, flash flood, river flood (fluvial flood), and urban
flood (pluvial flood). The rise in sea level causes coastal flood, river flood, and flash flood refers to the abnormal
increase in the amount of a river or any other water source due to various reasons like the intense rainfall, dam
failure, or ice jam (Wright, 2007b). In contrast, urban flooding is more concerned with the flooding caused in
urban areas due to poor urban drainage networks and low sutrface permeability (Wright, 2007b). The urban flood
is relative to elevation, localized precipitation patterns, urbanization, and underlying soil (White, 2010).

22. Urbanflooding

As per the Centre for Research on the Epidemiology of Disasters (CRED, 2011), every year from 2006 to 2015,
“urban flooding affected 140 million people and claimed about 10,000 human lives around the wozrld” (Sanderson
& Sharma, 2016). Urban flooding or pluvial (surface water) flooding generally refers to the flooding in urban areas
caused by intense and prolonged rainfall, which overwhelms the drainage system's capacity due to increased
infiltration and imperviousness catchment (Pradhan-Salike & Raj Pokharel, 2017). According to Molavi, Muttil, &
Tran (2011), urban pluvial flooding is the consequence of hydrological and climatological factors combined with
the magnifying intervention of human factors in the environment. Factors directly affecting the urban flooding are
the imperviousness of catchment, storage and conveyance capacity of the catchment, underground and surface
land drainage system,and capacity of recharging (Molaviet al., 2011; Molavi, Tran, & Muttil, 2013). Imperviousness
can be defined as the “inability of surface water to be infiltrated in the soil profile into the undergronnd water systen” (Slonecker,
Jennings, & Garofalo, 2001). It is a crucial indicator that explains the effect of environmental degradation on the
hydrological process that contributes to increased runoff volume (Arnold & Gibbons, 1996; Qin, Li, & Fu, 2013;
Yao, Wei, & Chen, 2016). According to Parkinson and Mark, the increase in imperviousness due to land cover
change caused by urbanization impacts the hydrological cycle because of the reduction in infiltration (capacity of
the soil to absorb moisture), surface storage capacity, and dectreased productivity evapotranspiration due to
reduction in vegetation wetting and interception by plants. Combined effects of these effects result in increased
run-off velocity, volumes, and discharge rates. Simply, pluvial flooding occurs if the volume of water entering a
sewer exceeds the design capacity.

13
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2.2.1. Significance of urban flooding in Enschede

In recent years, the city of Enschede has encountered
local pluvial flooding, as seen in the picture (figure 2-
V)(Approach to Pluvial Flooding in the Municipality of
Enschede - Spatial Adaptation, n.d.).

The risk analysis for flooding for the Basic Sewerage
Plan (BRP) performed in 2015 identified numerous
bottlenecks. It explained that the sewerage system

Figure 2-1 Hoed Princess tunnelnearthe station of. Ensch;
Source: Wouter Borre, 2019

becomes overloaded during extensive precipitation
and results in water on the street, which ultimately I
contributes significantly to the surface water nuisance (RIONED & STOWA, 2015). A few of the locations found
at ‘high risk’ of the flood were Goolkatenweg and De Heurne. In Goolkatenweg, during heavy rain, it has been
found that water depths of > 30 cm with a return period between once every ten years to once every hundred
years which resulted in water in a home, cars, and large flows of sewage through frontand back yards (RIONED

& STOWA, 2015). The other location found in high risk is the De Heurne, in the center of Enschede.

2.3.  Adaptation and Adaptive Capacity
IPCC (2012, p.3) defines adaptation as “#k
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development, as seen in figure 2-2. The risk and
VUlnerablhty ) zlts'.sessment ) S.ub—phases mdufie Figure 2-2 Climate change adaptation strategy development
exposure, sensitivity, potential impacts, and adaptive process

capacity. Assessment of Adaptive capacity is an Source: (Boswell et al., 2019, p.174)

essential element of long-term adaptation to climate

change.

Adaptive capacity has been described as an essential element in the climate change vulnerability AR4 and climate
risk AR5 concept (Zebisch et al., 2021), as shown in figure 2-3. Both systems explain the adaptive capacity in the
same way as coping capacity, which reduces the vulnerability of people to the impacts of the risk and adapts to it.




NATURE-BASED SOLUTION (NBS) FOR LOCAL ADAPTATION OF NEIGHBORHOOD TO URBAN FLOODING: A CASE STUDY OF ENSCHEDE, NETHERLANDS

Climate Signal
Exposure
Hazard
1 Direct physical impacts
l Sensitivity
Sensitivity
Potential
Impact Exposure Vulnerability
Capacity
| Ada ptiVe (Coping, Adapting)
Capacity

Vulnerability

Figure 2-3 Adaptive Capacity linked with other concept in climate change vulnerability (AR4) and Climate risk (AR5)
approach
Source: (Zebisch et al., 2017)

Here, we focus on flood adaptation and discuss the vulnerability assessment. In that case, assessing adaptive
capacity is one of the essential sub-phases that discusses “What is currently being done to address flood impacts?”.
For an efficient adaptation of flood on alocal scale, the individual and community's capacity to cope with the flood
is crucial, along with the adaptive measures fitted to the local conditions (Van De Ven et al,, 2011). Here, if NbS
as the adaptive measure is taken into consideration, its selection requires knowledge of local context, effectiveness,
and cost-benefit ratio of actions. A significant success of the local adaptation lies in stakeholder involvement. If
various actors in the regional scale are aware and also involved in influencing the realization of adaptation measures,
it can open opportunities for adaptation.

24. Assessmentofadaptive capacity

Adaptive capacity research is highly interdisciplinary; covers a wide range of areas and scales of analysis. It is highly
confused as it uses diverse and sometimes conflicting methods and metrics. Assessment of the current adaptive
capacity of a system provides valuable insights into the existing potential of the system to cope with climate
disasters. It points out the shortcomings that need to be addressed to improve adaptive capacity.

Many wotrks have been done on the national level assessments of adaptive capacity to climate change (Brooks et
al., 2005; Adger & Vincent, 2005). Explorations of the adaptive capacity at the national level are essential to
compare across nations; such studies are less relevant at the sub-national and local levels. They do not capture the
processes and contextual factors that influence adaptive capacity at the level where adaptation occurs ultimately
takes place. Vincent (2007) proves that the indicators of adaptive capacity cannot be generalized across scales.
Indicators of adaptive capacity at the nationallevel are misleading at the sub-national orlocal scale. Thus, exploring
the local context is vital to gain insights into local constraints and opportunities.

The earlier studies choose the indicators of adaptive capacity based on subjective assessments; now, itis based on
theoretical grounds. Adaptive capacity is multidimensionaland is determined bya complex relationship of multiple
factors. As noted, many variables of adaptive capacity are not quantifiable. However, indicators and indices help
representa complex reality in simpler terms. Choice of indicators to describe the index for adaptive capacity is
constricted because adaptive capacity has no tangible element. The selection of suitable indicators is best based on
theories that provide an image of the nature and causes of vulnerability. However, even theory-based deductive
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methods are constrained by a lack of sufficient data because subjectivity enters the process of indicator selection.
Evaluating and selecting the “determinants” is recognized as a foremost challenge (Yohe & Tol, 2002; Brooks et
al., 2005; Haddad,2005; Adger et al., 2007; Notenbaertet al., 2013). Phi (2011) investigated widely used 18 adaptive
capacity determinants in the number of documents as shown in figure 2-4 below.

Financial resources N 12
Natural resources [ 5
Subtotal Econ. Capacities | 17
Technologies NN 10
Infrastructural capacity I 6
Climate issues awareness [l 4
Climate expertise M 4
Subtotal Knowledge & Tech. Capacities |GGG 24
Strong institutional settings - 5
Information & communication [ 8
Fairness and transparency in governance I 10
Leadership in public domain [l 3
Flexibility and openness in governance [l 4
Public-private collaboration I 8
Subtotal Gov. & institute. Capacities |G 38
Education & learning I 9
Entrepreneurship & autonomous change M 1
Experiment & innovation Il 3
Subtotal human resources capacities IR 13
Risk spreading capacity M 1
Willingness to adapt W 1
Perceived adaptive capacity Il 2
Subtotal others Il 4

0 5 10 15 20 25 30 35 40
Documents

Economic
capacities

Knowledge &
technological
capacities

Governance &
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Human
resources
capacities
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Figure 2-4 Indictors for measuring adaptive capacity and the frequency of its use.
Source: Phi (2011)
The

methodology adopted in choosing indicators is crucial since wrong indicators may lead to an invalid index. The
best option is to verify the representativeness of the theory based on the identified author’s experience, expert
judgment, literature review, or subject of interest (e.g., Brooks et al.,, 2005; Bryan et al., 2015; Notenbaert et al.,
2012). Nevertheless, devising an index to measure adaptive capacity is helpful to compare similar systems and
provide insights into the underlying processes and determinants of adaptive capacity that are of relevance to
policymakers.

241. Atheoretical framework foranalysis of adaptive capacity at a local level

Adaptive capacity as a property is none of each specific element mentioned in the definition and only becomes
‘visible’ when all these elements are integrated under the scope of analysis. Authors have used various theoretical
frameworks to analyze adaptive capacity. Some authors used established indices from other fields, such as
Sustainable Livelihoods Analysis, sustainability Capitals Framework, or Human Development Index.
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Opverseas Development Institute (ODI) proposed Local Adaptive Capacity Framework (LAC) aims not only to
lookat what a system has that enables it to adapt but also to recognize what a system does to enable it to adapt.
Given this, the framework attempts to consider the role of the processes and functions at the local level, which
can support adaptive capacity (ODI, 2010). The LAC comprises five fundamental features of local adaptive
capacity: assetbase, institutions and entitlements, knowledge and information, innovation, flexible forward -looking
decision making, and governance. Similarly, Ellis (2000) and DFID (1999) analyze the adaptive capacity of the
community. The sustainable livelihoods approach is based on Nobel Laureate Amartya Sen’s entitlements
approach, where households with a good range of entitlements, capabilities, or assets have more choices of
adopting strategies suitable to cope during the periods of adversities or minimize the associated risks (Jakobsen,
2011; Ludi & Slate, 2008). The limited access to livelihood assets increases the defenselessness or incapacity to
avoid troubles. It increases the shocks and stresses to which an individual or household is exposed (Shahbaz, 2008).
On the other hand, homes with diversified asset portfolios will have more options to substitute among alternative
livelihood activities during stress, thereby having more adaptive capacity.

According to a study by Thanvisitthpon et al. (2020), the identified six flood adaptive capacity components:
economic resources, social capital, awareness and training, technology, infrastructure, institutions, and policies with

21 flood adaptive capacity indicators were validated by expert’s evaluation which is shown in table 2-1.

Table 2-1 Relevancy of adaptive capacity indicators by a panel of experts. Source: Thanvisitthpon et al. (2020)

Adaptive capacity . L
ID Adaptive capacity indicators
components

E1 | Monthly household income

. E2 | Monthly household expenditure
Economic resources

E3 | The economic impact in response to flood depth
E4 | Number of the eldetly/disabled /unemployed in the household

S1 | Coordination efficiency between residents and government agencies

Social capital S2 | Coordination efficiency between community leaders and government agencies

S3 | Good rapport between community leaders and government agencies

T1 | Advance flood warning

Technology T2 | Reliability of flood forecast from administration

T3 | Accessibility of flood information

F1 | Type of drainage infrastructure (pumping station, canals etc.)

Infrastructure F2 | Efficiency of floodwater retention areas

F3 | Condition of the roads and its impact on flooding

Institutional (government or non-governmental organizations) assistance in flood

1 .
prevention and prepatedness
o o Effectiveness of policies, programs, and projects related to urban flood prevention
Institution and policies 12
and preparedness
I3 Number of policie, programs, and projects related to urban flood prevention and
preparedness
Al | Levels of education
Awareness and Training A2 | Frequency of flood incidents in the area

A3 | Preparedness against future urban floods
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24.2. \Visualization of Adaptive Capacity

The indicators measured for each determinant may be quantitative or qualitative (e.g., number of health centers or
healthcare quality). The Adaptive Capacity Wheel (Guptaet al,, 2016), identifying 22 indicators for six determinants
of the adaptive capacity of institutions, is most commonly cited for visualizing the results of adaptive capacity.

24.21. Adaptive Capacity Wheel

Adaptive Capacity Wheel was designed in 2007 by Gupta et al. (20106), as seen in figure 2-5, to assess adaptive
capacity and express itmore clearly. Various rings of the wheel depict differentinformation. Theinner circle reveals
adaptive capacity; the middle ring reveals the dimensions, and the outer ring shows the indicators.
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Figure 2-5 Adaptive Capacity Scores visualized in Adaptive Capacity Wheel
Source: Gupta et al. (2016)

The table 2-2 below explains the color and scoring scheme that Gupta et al. (2016) applied to the adaptive capacity
wheel. It helps indicate the strong and weak components of adaptive capacity and their factors. The colors help
differentiate high (green: quantitative value +2) to low (red: quantitative value 2) adaptive capacity, which can
assess and inform the concerned stakeholders or local authority where there may be room for improvement.

Table 2-2 Color and scoring scheme for the adaptive capacity wheel (Gupta et al., 2016)

Slightly negative effect

Effect of an institution on adaptive Score Aggregated Scores for dimensions and adaptive
capacity capacity as a whole
Slightly positive effect 1 0.01 to 1.00
Neutral or no effect 0 0
-1 -0.01 to -1.00
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2.5. Nature-based Solution

251. Emergence and development of Nature-based Solution (NbS) as a concept

Before the term “Nature-based Solution” was coined, the role of nature and ecosystem in human wellbeing is
reflected in various indigenous knowledge. Whereas in modern scientific literature, it was the 1970’s when the idea
of ecosystem service emerged, and by 1990 more systematic approach was promoted. In the late 2000s, the term
“Nature-based Solution” was introduced with a paradigm shift as people were seen as beneficiaries of nature and

as protectors to solve various challenges (Walters et al., 2016).

2.5.2. Relation of NbS with SDG

NbS aims for sustainable development, which
helps to achieve various SDGs as shown in figure
2-6. Accotding to (Warmenbol & Smith, 2018), the
IUCN Program (2017-2020) aims to achieve
substantial influence to numerous SDGs to Promoting

confront challenges of food security, climate " . & supporting
h d i and social devel ) & Valuing and effective and
change, and economic and social development as: & conserving eadlitable
*  SDG 1: No Poverty g nature governance
*  SDG 2: Zero Hunger b of natural
© 3
*  SDG 3: Good Health and Well-being Fy- i
o2
* SDG 11: Sustainable Cites and =g
Communities 2 gs Deploying nature-based
e SDG 13: Climate Action T solutions to address

5 societal challenges

These goals are achieved by promoting NbS related
policies and actions in balanced food production,
water availability and quality, carbon sequestration,
climate change adaptation and mitigation, soil up-
gradation, wellbeing, and urban growth to boost Figure 2-6 Relation of NbS with SDG
healthy societies. Two major SDGs focused on this Source: (Warmenbol & Smith, 2018)
research are SDG 11, “Sustainable Cities and

Communities,” and SDG 13, “Climate Action.”

2.53. Nature-Based Solutions (NbS) for adaptation of urban flood

The concept of NbS to solve the issues of the urban flood is similar to ideas of Low Impact Development (LID),
Water Sensitive Urban Design (WSUD), the Sustainable Urban Drainage System (SUDS), Sponge City, etc.
However, these terms carry the same idea of using green infrastructure to manage runoff volumes and defer peak
flows (Shaver, 2009) and blue infrastructures improving water quality and retaining watercourses in the cities using
locally adapted systematic interventions (Eckart et al., 2017).

While adopting NbS at the household level might only bring a small benefit, the cumulative effects over an entire
catchment could be very considerable for runoff reduction and groundwater recharge. Its primary role to control
the urban flood can be listed as below:

* to reduce the quantity of runoff discharge termed as “source control.”

* to slow the velocity of runoff discharging from an area termed as “permeable conveyance.”

* retaining runoff either over the long term or temporarily, providing a passive level of treatment expressed

as “storage and pollution management.”
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Implementing NbS atthelocal or national level is not possible without considering the institutional and governance
factors. Large-scaleimplementation is notlinear as changing the knowledge and perception of infrastructure would
require co-operation with stakeholders, like water and sewerage companies, municipality, and local people.
However, the gradual application of NbS as the adaptive measure at the household level for resilience to hazards
within a city may address the risk and manage the risk's exposure and vulnerability (White, 2010).

2.54. NbS and their suitability to relevant drainage

As per (Fletcher et al, 2015), stormwater management can be classified as infiltration or retention-based
technologies to reduce imperviousness in an area. Nevertheless, a combination of retention and infiltration helps
maintain the natural hydrological flow (Eckart et al., 2017). There are many NbS measures for stormwater
management, but here in the research, we focus on the local flood adaptation and NbS that require no or less land
for construction. Theapplication of these NbS requires a good knowledge of its design. Significant factors affecting
the selection of NbS are location and rainfall. So, considering the ability and awatreness of target group (i.e.,
residents and municipality), only a few of the NbS measures at the household and neighborhood level are
considered for the study. Here, for the study, NbS measures considered at the household level are facade garden,
rain barrel, green roof, vegetable garden, and water-passing pavement. Whereas, Urban waterways, trees and plants,
wadji, rainwater ponds, and water-passing pavement are NbS considered for neighborhood-level, as shown in fable
2-3 below.
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Table 2-3 NbS techniques grouped according to suitability (Adapted from Table 5-2. Generalized BMP Suitability for Relevant Drainage Area Characteristics.
Chapter 5, Eftective Use of BMP in Muthukrishnan, S., 2004. The Use of Best Management Practices (BMPs) in Urban Watersheds)

Stormwater Infrastructure Type of NbS Land use characteristics Scale of Effective in impervious areas
management Based NbS techniques
Infiltration-based | Green Vegetated Ideal for collecting sheet flow runoff from roads | Intermediate Intercepts runoff from impervious areas
techniques Infrastructure Swales (Wadi) and highways but requires land for construction
Green Facade gardens Ideal for collecting rooftop runoff and runoff | Local Intercepts runoff from impervious areas
Infrastructure from yards and sidewalks but requires land for construction
Green Permeable Ideal for highly developed areas: parking lots, | Local/ Intended to replace impervious surface
Infrastructure pavement dtiveways, and low-volume roads Intermediate
Green Vegetable Ideal for collecting rooftop runoff and runoff | Local Intercepts runoff from impervious areas
Infrastructure Garden from yards and sidewalks but requires land for construction
Green Trees and Plants | Ideal for roadsides (tesidential and highways) | Intermediate/ Intercepts runoff from impervious areas
Infrastructure and other areas with sheet flow runoff, practical | Catchment but requires land for construction
for tiny patking lots only
Retention-based Blue Infrastructure | Retention Pond | Ideal for retaining water from parking lots and | Catchment Intercepts  runoff from impervious
techniques (Rainwater residential areas surface surfaces but requires a large
Pond) piece ofland for construction
Blue Infrastructure | Utban Ideal for collecting rooftop runoff and runoff | Intermediate Intercepts runoff from impervious areas
Waterways from yards and sidewalks but requires land for construction
Green Green roof Ideal for collecting rooftop runoff Local Ideally suited
Infrastructure
Green Rainwater Ideal for collecting rooftop runoff Local Ideally suited
Infrastructure harvesting/Rain
Barrel
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2.5.5. NbS measures in household level

There are various NbS that could be integrated at the houschold level. However, some of the widely introduced
in Enschede are described below. The effectiveness of the measures to the flooding is referred from the Green-
Blue Enschede website.

2551. Facade Garden That's how you do that!
Facade garden is a small garden created by
removing a row of tiles along the fagade, as shown
in Figure 2-7. The rainwater flowing off the facade
can infiltrate the ground, making the streetscape
greener and more attractive (AY Measures | Green-
Blue Enschede, n.d.).

ZZw TR G
Figure 2-7 Image showing construction of Facade Garden
25.5.2. Rain Barrel (Stormwater harvesting): Source: (Groene Loper Enschede, n.d.)

Stormwater/ Rainwater hatvesting help in improving stormwater retention systems to reduce annual runoff
volumes (Fletcher et al., 2015). It is more efficient to minimize surface runoff if it meets daily demands more
readily than seasonal demand. Itis a significant yet straightforward factor to manage urban hydrology (Fletcher et
al., 2015) as it can also help in irrigation. The simple way to harvest rainwater is by connecting the downspout to
the rain barrel. The water collected in the barrel of capacity at least 200 liters can be used for watering plants and,
if filtered well, can be used for drinking as well (A4 Measures | Green-Blue Enschede, n.d.).

2 L < £ £ i X
Figure 2-9 Image of Rain Barrel (All Measures | Green-Blue Enschede, Figure 2-8 Image of rainwater harvesting
n.d.)

2553. Green Roof:

Green roofs are rooftops designed as pattially or fully covered with vegetation to compensate forits removal while
constructing the building (Rowe, 2011; Shafique and Kim, 2015; USEPA, 2000), which mainly reduces the
imperviousness and urban stormwater runoff (USEPA, 2000). According to Eckart et al. (2017), for effectiveness,
it should be designed considering the extreme rainfall event and can also be added to an existing rooftop without
changing structural reinforcement. A simple schematic diagram is shown in figure 4. Similarly, other benefits of a
green roof are energy efficiency, an extension of the roof's life, and conservation of land (Eckart et al,, 2017).
Stormwater harvesting: Stormwater harvesting helps improve stormwater retention systems to reduce annual
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runoff volumes (Fletcher et al, 2015). It is more efficient to minimize surface runoffif it meets daily demands
more readily than seasonal demand.

Figure 2-11 Image of vegetable garden Figure 2-10 Image of Green roof
(https://decorloving.com/backyard-vegetable-garden-design-ideas/, (https://elliotts.uk/products/green-roof)

2554. \Vegetable Garden
Garden is used for vegetable farming to know what you're eating and help in handling the stormwater. A vegetable

garden requires a sunny, light spotand daily attention to take care of plants, shrubs that attract bees that provide
pollination and fertilization (A% Measures | Green-Blue Enschede, n.d.).

2555. Permeable pavement:

Permeable pavements help to infiltrate stormwater into the ground compared to more used asphalt and concrete
pavements over extreme rainfall events (Brattebo & Booth, 2003). There are varieties of permeable pavements like
block pavers, plastic grid systems, porous asphalt, and porous concretes (Dietz, 2007). The figure below shows a
typical cross-section of such permeable pavement.

Figure 2-12 Image of various types of permeable pavement

(https://www.urbangreenbluegrids.com/measures/porous-paving-
matetrials/)
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25.6. NbS measures in the neighborhood level

25.6.1. Urban Waterways

Open urban waterways can drain and retain rainwater.
If there is enough space, various above-ground drainage
options, such as open gutters and ditches, can drain into
an open urban watercourse. An urban watercourse does

notalways have to be reconstructed but can also be part

of rebuilding an old watercourse (A4 Measures | Green- <z
Blue Enschede, n.d.) Figure 2-13 Image of Roombek
e Source:

(http://landezine.com/index.php/2011/06 /roombeek)

2.5.6.2. Trees and Plants

Trees and greenery for roadsides (residential and
highways) intercept runoff from impervious areas and
other areas with sheet flow runoff.

2.5.6.3. Rainwater Pond

Rainwater ponds,also known as wetor retention ponds,
are designed to catch rainwater runoff and provide
storage of this runoff volume(Field & Taruri, 2005).
Above the permanent pond level is the storage volume,

replaced in part or entirely by the runoff volume from

] pathway
successive runoff events and regulated release of the Source: (https:/ /www.vdberk.be /projecten/roombeck-
mixed inflowing and endless pond water (Field & enschede/)

Sullivan, 2003). Well-designed and maintained rainwater
ponds could be highly effective NbS for water quality
and quantity control, additionally providing aesthetic
value and habitat for a variety of plants and animals
(U.S. EPA, 1999a). Along with advantages, there are
also many limitations. It requires a larger area and is not
suited for a drainage area smaller than 10 acres, and ill
design and periodic maintenance can cause stratification

5 |
(Field & Taruri, 2005). Figure 2-14 Image of Rainwater pond
(https://www.urbangreenbluegrids.com/measutres/rainwatet

-ponds/)
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2.5.6.4. Vegetated Swales (Wadi)

A wadiis a ditch with gravel and sand, which can retain as well as infiltrate water. In a wadi system, the water from
roofs and roads does not flow into the sewer system but via above-ground gutters and ditches into the wadi (A4
Measures | Green-Blue Enschede, n.d.). The term “grassed swales” or “vegetated swales” is also used for wadji, as has
grassed conveyances, which are channels vegetated with flood-tolerant grasses (Field & Taruri, 2005). Under this
layer is a shaft filled with gravel that has much space between them, which helps stormwater to be infiltrated and
at the bottom of the case is an infiltration/drain tube (All Measures Green-Blue Enschede, n.d.).

oy 5 gt Y k
Figure 2-17 Image showing Wadi
(https://www.urbangreenbluegrids.com/measures/bi
oswales/)

26. Conceptual Framework

The conceptual framework for the research i

What is Adaptation?

developed to understand the local adaptation to urban -

Adaptation to What?
pluvial floods by integration of NbS. The framework is
based on the concept of defining adaptation to climate CLIMATE-RELATED

STIMULI

1
' |
1 1
1 1
1 1
1 1
1 1
1 1
! |
change by (Smit et al., 1999), as seen in figure 2-19 and ) fhouClimatey + Phenomena !
iForcesand ! T
NbS by IUCN, seen in figure 2-18. i jCondions | Time/Space Scales !
: '
1 Y '
According to B. Smit et al, p. 6 (1999), to define ' How does I
. X v | Who or What Adapts? Ad on Occir® 1
adaptation in any scale, some of the factors to be ' 7 apration Occur? | 1
. 1
described are: ' SYSTEM TYPES !
' + Definition + Processes !
e  thesystem concerned “who adapts,” 1|+ Characteristics |
. + Outcomes 1
e the climate stimulus “adaptation to what?”, ' '
e the processes involved “how does adaptation V)
occur?” (
. . “ .
Along .Wlth the evaluation “how good is the o Good
adaptatlon?” is the Adapration?
EVALUATION
Here, in the research, the climate-related stimulus is an + Criteria
. . . * Prineipl
urban pluvial flood, the system of interest is a B

household/ neighborhood whete residents are the one

who adapts since the spatial scale of research is for the local Figure 2-18 Adaptation to climate change and variability

level. The adaptation occurs with the help of the integration Source: Smit et al,, p. 6 (1995)
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of NbS. The evaluation of adaptation here is considered to be done by assessing the adaptive capacity of the
household.

According to IUCN (2020) the adaptation by NbS is defined as the action inspired by nature with various
ecosystem restoration, issue-specific, infrastructure, management, and protection-based approaches implemented
to address societal problems like climate change, food security, water security, disaster risk, human health,
economic and social development to gain human wellbeing and biodiversity benefit.

Here, adjusting the framework developed by B. Smitetal. (1999) and IUCN (2020), a framework for the research
as shown in Figure 2-21 is formed. Hence, the overall concept of the research is to show that the application of
the ecosystem-based approach (focusing on green and blue infrastructure) of NbS can help solve a societal problem
of “urban pluvial flooding” not only physically but also socially with various benefits, which further helps to
increase the adaptive capacity of the society. Therefore, the research is developed around these concepts interacting
with each other. The framework is further elaborated as in figure 2-21

Application of Nature Based Solution
(Infrastructure Based Approach)

| |

h [ Adaptive capacity
(Various actors and
stakeholders)

Societal Problem |« »
(Urban Pluvial Flood)

Context
(Physical, Social, Cultural, Economy)

Figure 2-19 Conceptual Framework for research
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3. STUDYAREAAND METHOD

The general methodological outline is discussed earlier in chapter one. This chapter details the data collection
approach, data collected from various sources, processing of the data, and frameworks. From a simple stakeholder
analysis and brainstorming for the research, the main stakeholders were identified. Since the study focuses on the
local level, the stakeholders categorized by power and interestin the scope of research were local authorities, ie.,
municipality, community group leader (ambassador of the neighborhood), and residents. Hence, the data were
collected according to the related stakeholders. The information about the case study area and the works done by
the municipality in the study area were collected from documents, websites, and online web-based map tools along
with the interview of experts and community leaders, whereas the residents' perceptions in the study areas were
collected from the survey.

3.1.  Research Methodology

The research uses a case study approach carried out following mixed-method research involving both qualitative
and quantitative methods. The unit of analysis of the study is the “NbS for local urban flood adaptation.” The
integrated process follows an inductive approach focusing on identifying the patterns and relationships regarding
the local flood adaptation of the neighborhoods. Since the mixed method is carried out, it follows a simultaneous
technique where the quantitative and qualitative analysis method is done side by side. The mixed method is
preferred over other methods because of the combined approach to geta concrete result that is reliable with the
triangulation of data as a method for validity.

According to the research sequence, the research methodology can be easily explained in three sections: pre-
fieldwork, fieldwork, and post-fieldwork. Pre-field wotk includes literature review, case overview, and
questionnaire development; fieldwork includes surveys and interviews with professionals. Post-field work includes
analysis, interpretation of the result, and finding and finally deriving conclusions and recommendations.

The first step is to review the literature of previously done research work on the topic related to urban flooding,
NbS for urban flooding, and the community's adaptive capacity. Hence, detailed research was done to understand
the concept of NbS and the adaptation of urban flooding by integrating it. Along with a literature review of the
ideas, the case study area was explored to understand its context and relation with research and research problems.
The case study area was selected based on the prevalence of the problem of urban flooding,

After completing the literature review and selecting the study area, the semi-structured interview was carried out.
The respondents were representative of the stakeholders (citizens, interest groups, and municipality). The interview
was conducted to understand their individual and collective role in the local urban flood adaptation in the
institutional and local governance context.

The first step of fieldwork is to survey residents in the neighborhood. The questionnaire is developed, but before
conducting the sutrvey, sampling was done. Probability sampling was followed to identify the sampling frame,
decide on sample size, and choose the sampling technique. As the target population of the survey are the residents
in the study area. The sampling frame will include the people of the particular study area residents and detive a
sample size for the research where the confidence level of 95% is considered appropriate with a 5% margin error.
A simple random sampling technique was followed as it gives the relevant result and helps in the equal selection
of the sample cases.

The result from the survey and interviews are analyzed and interpreted in the form of analyses that is further
discussed and validated by examining with several respondents simultaneously (Thiel, 2014). Due to the present
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context of the pandemic, it was done by email. It is carried out for sequential triangulation as it helps to validate a
process with the ultimate objective to demonstrate result obtained is not a mere product of the method used.
Validity is fundamental as the research studies subjectivity which can be very misleading if only one source of data
collection is telied on.

3.2. CaseStudy

This chapter explains the study area in Enschede City and its significance in the study. From chapter 1, we know
that the western area of Enschede is susceptible to urban floods. Recently, in August 2010 and June 2013, many
places in Enschede were flooded. Amongthem, three of the neighborhoods thathave complaints of urban flooding
were targeted.

3.2.1.

The municipality, recognizing that the increase in rainfall and urbanization will lead to groundwater nuisance and

Neighborhood selection approach

pluvial flooding, has planned some Nature-based Solutions in those areas. To understand the picture of the local
adaptation, three neighborhoods of Enschede were selected from the three mostaffected districts. Out of a total
of 70 communities in Enschede, three were chosen considering the selection of the neighborhood from the three
affected districts of Enschede. The criteria to select the three neighborhoods were the low elevated area of
Enschede, level of vulnerability to flooding (highly and moderately vulnerable), and the NbS being applied in these
neighborhoods on a different scale.

Lasonder-Zeggelt (Binnensingel
District)

Stevenfenne (Boswinkel Stadsveld
District)

Twekkelerveld (Twekkelerveld
THT District)

] Wijk 00 Binnensingelgebied
B Buurt 01 Lasonder, Zeggelt

[] wijk 02 Boswinkel - Stadsveld
M 5uurt 03 Stevenfenne

[_[ Wijk 03 Twekkelerveld - TH.T.
M Buurt 01 Twekkelerveld

Figure 3-1 Selected Neighborhoods of the respective

districts

Source:
https://nlwikipedia.org/wiki/Het
_Zeggelt

Source:
https://nl.m.wikipedia.org/wiki/B
estand:Map_- NI _- Enschede._-
_Wijk 02 Boswinkel - Stadsveld -
_Buurt 03 Stevenfenne.svg

Source:
https://nlwikipedia.org/wiki/Be
stand:Map_- NI, - Enschede._ -
_Wijk 03 Twekkelerveld -
_T.HT. -

_Buurt 01 Twekkelerveld.svg
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The map below is extracted from the Climate Atlas Twente; the test for extreme showers follows the national
standard (from the Delta Plan on Spatial Adaptation) (Climate Atlas | Twn,n.d.).

Selected neighbothoods
Weighing Vulnerability

@ High degree of vulnerability

® Medium degree of vulnerability
Small degree of vulnerability

® Notvulnerable

Figure 3-1 Map showing vulnerability of neighborhoods to waterlogging due to short heavy shower (Climate Atlas |
Twn, n.d.)

3.3.  GeneralDescription ofthe selected Neighborhoods

Table 3-1 Characteristics of three neighborhoods from Statistics Netherlands (CBS, 2011) and Climate Impact
Atlas

Lasonder-Zeggelt Stevenfenne Twekkelerveld

District Binnensingel area Boswinkel Stadsveld Twekkelerveld THT
Area of neighborhood (Ha) 29 58 85
Number of households 990 2,440 2,350
% of urban green spaces 35.44 27.98 43.38
% of paved space 64.56 72.02 56.62
% of water 0 0 0
Number of inhabitants 1,750 4,505 4,235
Men 910 2310 2170
Women 840 2195 2060
<=15 years 250 675 540
15 - 25 years 320 720 710
25 - 45 years 535 1345 1270
44 - 65 years 400 1160 1025
>=065 years 235 595 685
Population density (per km?) 6.115 7.809 5.007
Average gross annual income per 25,200 17,800 17,800
resident
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3.3.1. Lasonder-Zeggelt

3.3.1.1.  Urban flood risk areas

According to Climate Atlas Twente some of the areas vulnerable to flood identified were the streets and areas
near Lasondersingel, Deurningerstraat, Niermansgang (behind the cemetery), Visserijstraat, Molenstraat,
Oldenzalsesstraat, H.B. Blijndensteinlaan, Zeggeltschoolstraat, Dr Benthemstraat, Potgeistraat, Starringstraat.
Recently, on May 31 2016, an Elementary School at The Zeggelt at Doctor Benthemstraat 14 observed water
over last (No Ice-Free but Rain-Free: Enschede S chool Is under Water, No Lesson Today - KI'V” Oost, n.d.).

b
Water depth in extreme :" Weighing Vulnerability
= d @ High degree of vulnerability
® Fom025m % = : V" - < ® Medium degree of vulnerability

® Upto025m Small degree of vulnerability
Upto0.10m

>

Figure 3-2 Map showing water depth in extreme precipitation (160mm) 311 vulnera bility‘ to heavy shower ( b t)in
Lasonder-Zeggelt and (Source: Climate Atlas Twents waternet, 2021)

Figure 3-3 Images of the street H. B. Blijndensteinlaan that is mostly flooded

3.31.2. Refurbishment of Molenstraat in Lasonder - Zeggelt

The Molenstraatthatis higherin risk due to the rainwater nuisanceis currently being refurbished with various NbS
like extra greenery on the sides, 20% less paving, and 58 new trees, twenty wadis with a capacity of 250 cubic
meters (Gementee Enschede, 2021). Thus, the risk of flooding will be significantly reduced. Along with the flood
control, biodiversity in the street is also maintained and helps get rid of heat stress. This NbS project can bring a
tremendous positive influence on the neighborhood.

Figure 3-4 Image of the visualization (left) and in construction (right) of the Molenstraat with cycle street with wadi
and green on the side
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3.3.1.3.  Green Roofin ‘t Zeggelt

Green roofs are visualized in the newly constructed buildings in ‘t Zeggelt area. Though there is not much
information about climate scan, green roofs might be mandatory water storage in the zoning plan shortly. The
Zeggeltarea is one of the most flooded areas in the neighborhood; having the green roof based on its type, either

extensive or intensive, will help reduce the surface runoff volume and delay the runoff speed and help adapt to the
urban flood.

: \ P

Figure 3-5 Images of visualization of green roofin 't Zeggelt area

3.3.2. Stevenfenne

3.3.21. Urban floodrisk areas

Stevenfenneis also a hard-hitneighborhood by floodingand watetlogging by rainwater and groundwater nuisance,
as the Stadsveld districts lie at the end of a dam on the edge of the center of Enschede, and in addition, during
heavy showers, surface water flows from other, higher-lying neighborhoods to Stadsveld. The groundwater
nuisance is mainly caused due by “?he bigh groundwater level, limited storage capacity and permeability of the topsoil, segpage
Srom the second aquifer, presence of shallow separating or interfering layers, poor drainage possibilities, for a short time, heavy
precipitation canses peaks in the groundwater level that mwove with the groundwater flow” (RIONED & STOWA, 2015, p. 31).
According to Climate Atlas Twente some of the areas vulnerable to flood identified were the streets and areas near
Zweringweg, Acaciaplantsoen, Benjamin Willem Ter Kuilestraat, Elferinksweg, Haaksbergenstraat,
S.L.Louwestraat, Warmoesstraat, Remorsstraat, Tuinbouwstraat, Wicher Nijkampstraat, Gerststraat, Doctor van
der Zandestraat. It can be clear from the maps that almost all of the streets are moderately vulnerable to flood.
Recently, on August 28, 2010 Haaksbergenstraat was flooded (ClimateScan - Project Detail, n.d.-a).

n Ter

> : = i  vuinerabilty
@ From025m [ - N . :g:rc:;;“: “.m, ‘:bu ;‘..
® Upt025m Yoo & ;e I:A» e@ec‘\u e«a‘h Ay
Bl @ Upto010m . Small dagree of vulnerabilty
Not vuinerable

Figure 3-6 Map showing water depth in extreme precipitation (160mm) and vulnerability to heavy shower (right) in
Stevenfenneand (Source: Climate Atlas Twents waternet, 2021)

31



NATURE-BASED SOLUTION (NBS) FOR LOCAL ADAPTATION OF NEIGHBORHOOD TO URBAN FLOODING: A CASE STUDY OF ENSCHEDE, NETHERLANDS

3.3.22. Stadsbeek in Elferinksweg

Together with the Vechtstromen Water Board, the municipality
has developed NbS like the urban waterway reviving part of the
old stream, Stadsbeek. The Stadsbeek is constructed to drain
rainwater and drainage water and also the excess groundwater.
The drained water is stored in the playground of Pinkeljesplein
while the excess water will be supplied to an existing stream
located on the outskirts of Enschede (the Usselerstroom). In this
way, the groundwater level is sufficiently lowered, and the
municipality is taking an essential step in improving the living
environment of its inhabitants.

The Stadsbeck as shown in figure 3-8 is designed together with | \
the residents. The construction of the Stadsbeck is in progress, Figure 3-9 Stadsbeck in Elferinksweg

with more trees, plants, and flowers growing along the stream.

The residents collaborate by disconnecting the downpipe connected to the wastewater sewer to let the rainwater
flow into the stream. Otherwise, rainwater from the roofis flown into the garden, and if the volume of water is
overwhelming, it flows into the stream. It will also help to grow all the trees, plants, and flowers in the
neighborhood. The characteristic of these streets is that bridges are placed over the stream.

3.3.3. Twekkelerveld

3.3.3.1.  Urban floodrisk areas

According to Climate Atlas Twente some of the
areas highly vulnerable to flood identified were the
streets and areas near Bruggenmorsweg,

Jupiterstraat, Schietbaanweg,  Sterrenstraat,
Mercuriusstraat,  Perseusstraat,  Vennustraat
Planetenstraat, Siriusstraat, Cartostraat,
Olieslagweg, Maanstraat, Uranusstraat,

Zevensterstraat, Zuiderkruistraat, Regulusatraat,
Weegschaalstraat, Van Limborchstraat.

Recently, on June 20, 2013, Jupiterstraat, Mirastraat,
Mercuriusstraat, and areas near were flooded

Figure 3-10 Images of flooding areas near Jupiterstraat
(ClimateS can - Project Detail, n.d.). (ClimateScan - Project Detail, n.d.)
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Figure 3-11 Map showing water depth in extreme precipitation (160mm) and vulnerability to heavy shower (tight) in
Twekkelerveld and (Source: Climate Atlas Twents waternet, 2021)

3.3.3.2.  Green Blue Twekkelerveld

Since Twekkelerveld is among ten neighborhoods of Enschede that needs to take action against the flooding
municipality is carrying out various water projects in the district of Twekkelerveld. Some of the NbS envisioned in
the Twekkelerveld to fight the flooding problems is to introduce greener and less pavement.

Mostof the NbS proposed, like the Star Park near the bell church and Healthy Street near the area of G.] Van
Heek straat the fragmented and stony outdoorspace, removing gray tiles is transformed into a significant, coherent.
It will make it look beautiful and maintain a healthy landscape where living, growing up, playing, and caring for
each other merge harmoniously.

Figure 3-12 Images showing visualized NbS to be constructed in G.J. Van Heekstraat and Maanstraat

3.3.4. Citizen’s participation forimplementing NbS by residents in Enschede Municipality

Since 60% of the land in Enschede is privately owned, the municipality to promote NbS by greening and creating
space for water in own property need to motivate the residents. The motivation to adopt these measures will
depend on the lifestyle of the residents depending on their social status and sentiments. To effectively connect
policy and communicate to the residents, Market response with 'Ons Water' mapped six lifestyles.
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3.34.1. Lifestylein Enschede

According to the 'Our Water lifestyle finder,” we can find that Enschede is mainly dominated by yellow, blue, and
red lifestyles. Yellow and red lifestyle are observed in the selected neighborhoods. Hence, the table below explains
the lifestyles in the study area and their factor of motivation to contribute to climate and water-aware actions.

Table 3-2 The major lifestyle in selected neighborhoods (Ons Water & SAMR Martktvinders, 2019)

Lifestyle

Profile

Factor of motivation

The yellow lifestyle (far-from-my-bed show)

Social, family, and neighborhood
oriented. Relatively with low to
medium level of education and a
young family. Twekkelerveld and

They can be motivated if they
are given information about the
social benefits rather than the
benefits of NbS for the climate.

Stevenfenne have maximum
{ (i residents of this lifestyle.

Passionate and independent They already have the desired

people. Often highly educated and | behavior, and no change needs
have families with children. to take place. They are actively
Lasondr-Zeggelt have maximum | involved in the climate and

residents of this lifestyle. implementation of measures.

3.3.4.2.
Considering the lifestyles, policies, and subsidies to promote NbS are such that it provides financial help and helps

Project, Policies, and Subsidies to promote NbS by residents

in social and technical assistance. De Groene Loper Enschede, as part of the Groene Loper Overijssel project
supports local green (neighborhood) initiatives in Enschede. It helps organize meetings, activities, volunteer
support, and advice on subsidies for financing green initiatives.

*  Subsidy: District/ neighbothood budget (Jij Maak de Buurt)
A resident or residents’ organization or group can contact the Groene Loper to get the neighborhood budget to
start a local initiative to make the neighborhood greener. Some examples of the innovative green campaigns
Bloemenlint provides free flower seeds, constructing facade gardens like in De Laares, Lasonder-Zeggelt

neighborhood, creating a nature playground, or preparing urban agriculture (Subsidy and Policy | Green-Blue
Enschede, n.d.).

*  Subsidy: Green your school square
The ambition of the Province of Overijsselis to get all of 600 schoolyards greener before 2025 as green plays an
essential role in the physical, mental and social development of children by connecting them with nature.
Additionally, it will also contribute to biodiversity and water storage.

34. Data Collection

Primary as well as secondary data was collected to achieve the objectives and answer the research questions.

3.41. Primary Data

Primary data was collected through fieldwork data collection with the help of maptionnaire and interviews with
the use of the online platform of MS- teams. After the sample size and sampling technique have been defined, the
survey questionnaire was developed, focusing on the sample cases and following guidelines.

34



NATURE-BASED SOLUTION (NBS) FOR LOCAL ADAPTATION OF NEIGHBORHOOD TO URBAN FLOODING: A CASE STUDY OF ENSCHEDE, NETHERLANDS

3.4.1.1.

Maptionnaire allows downloading the questionnaire datain Excel, so the non-spatial dataset was prepared in Excel,

Household Survey

whereas the spatial datasets were prepared in the ArcMap. The dataset contains almost 150 houscholds: 52 from
Lasonder-Zeggelt, 55 from Twekkelerveld, and 54 from Stevenfenne neighborhoods in Enschede. The data are
representative at the neighborhood (household) level. The questionnaire covers the thematic areas of exposure t©
flooding, NbS at household scale and neighborhood scale, its benefits and disservices, and the institutions and
initiatives to coordinate activities for NbS and preparedness of flood.

3.4.1.2.

The semi-structured interview was conducted to understand the context of the Enschede and understand the

Interview

stakeholder's role. Their individual and collective role in local urban flood adaptation in the local institutional and

governance context.

Table 3-3 Tale showing the experts interviewed for the study

Wagelaar, K.H. (ENS-ROB-SO)

Municipality of Enschede

Interviewee Name Designation Specialization
Lies Rubingh (External Advisor) | Communication advisor | Working in communication for Climate
Rubingh, L. (ENS-ADV-CSS- | Climate Adaptation at the | Adaptation
COM) Municipality of Enschede
Koen Wagelaar Designer ~ Water  at  the | Working on the design of various NBS in

various projects like the “CATCH” Project

Alice Kuil
Kuil, A. (ENS-ROB-GP)

Project Manager of Green-Blue
Twekkelerveld

Looking after the “Green Blue Twekkelerveld
Project”

Nicolette Hogeveen
Hoogeveen, N. (ENS-SBF)

Policy advisor biodiversity at the

Municipality of Enschede

Working in “Zo Groen” Campaign in Groen
Loper Enschede

Lammie Pruntel

Team  Manager Space at

Municipality of Rijssen-Holten

Started a neighborhood initiative for facade
gardens in the Lasonder 't Zeggelt Boddenkamp

district

3.4.1.3.

The secondary datais collected from the census, documents from the municipality, interactive web-based map

Secondary data

tools, websites regarding the urban flood, NbS in the city, and citizens of Enschede.

34.2.

Based on the literature and the conceptual framework of the research, questions were developed. Questions wete

The questionnaire construction

designed to understand their experience in living in the neighborhood, Flooding in the area, NbS taken by the
residents and the Municipality, mostly visited NbS in the area, participation in projects and initiatives that promotes
and looks after the green and blue infrastructure of the neighborhoodin the local scale and respondents basic
information. The questionnaire was constructed mainly for the residents of the selected areas and was intended to
be filled in 20-25 minutes. Since the survey was carried out in the Netherlands, not all the residents were
comfortable with English. So, the questionnaire was designed to select their preferred language to fill up the form,
ie., cither in English or the local (Dutch) language. The questionnaire, in the beginning, had detailed informaton
regarding the intention of the research and theinstruction to fill-up the form. Italso included information regarding
data privacy, ethical considerations, and their consent.

Similatly, testing of the questionnaire is essential, so a pilot study was done among a few respondents for the
revision of questions and reliability and validity (Thiel, 2014). Though the pilot study was done, I changed a few
settings in the questionnaire, which later created problems and confused the respondents. There happened t be a
decrease in the responses and various issues, which is further discussed in limitations.
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3.43. Thedissemination of the questionnaire

The online questionnaire was constructed using “maptionnaire” platform, as it helps to build the questions in a
suitable, exciting, and interactive format. Since it is a map-based questionnaire, it helps to gain the answers from
the respondents. It helps to locate various features in the map to help community mapping or participatory GIS
get detailed information. It also provided easy and secure means to disseminate as itis entirely GDPR compliant.
Its privacy policy terms and conditions are eclaborately explained in the respective links:
https://maptionnaire.com/customer-privacy and https://maptionnaire.com/customer-terms. Similatly, the
questionnaire also included an informed consent which on the very beginning of the questionnaire asked the
respondent if they were willing to volunteer as a participantin the study. They were also informed that they could
refuse to answer the question and withdraw from the study at any time without having to give any reason.

The questionnaires were disseminated by distributing the leaflets (included in appendix 1) to the houses in the
neighborhoods. In total, approximately 2000 leaflets were distributed. The flyers were designed more like an
advertisement to make them mote appealing for the respondents. The leaflet included the basic information of the
research like the topic, the date till which it could be filled up, the link, and the QR-code to fill up the questionnaire.
To increase the response rate, it also included the information that if they took the survey, they could win a 25-
euro gift voucher from “Dille en Kamille” by participating in the raffle. For more clarity and any help needed
fill up the form, the leaflet also included my mail address and contact, which was helpful as many respondents
contacted me when they had confusion.

While distributing the flyers, much care was taken as the fieldwork was carried out during pandemic. It was made
sure that none of the Covid -19 restrictions were violated. Proper safety gears like masks and hand sanitizers were
used to ensure safety and maintained atleast 1.5-meter social distance all the time. Another main thing to consider
was not to bother people who do not want to get such flyers. In the Nethetlands, people keep JA/ NEE stickers
in their residential mailboxes to let the deliverer know if they are willing to get addressed mails (mail intended for
aresidentin specific address) or unaddressed mails (mail meant for advertising for any neighborhood, which could
be a flyer or any other form of promotion). So, it was made sure that leaflets were only dropped in the mailboxes
that had JA-JA stickers which meant the resident wishes to receive addressed or unaddressed mails. Whereas
mailboxes with NEE -JA and NEE-NEE stickers show they didn’t wish to get any unaddressed mails, hence they

were omitted.

The survey was carried out from 18t till 30t of April. After completing the study, as an appreciation for the help
and with the consent for the participation in the raffle of gift vouchers, the raffle was done on the 1st of June to
get ten lucky winners among theinterested participants. The selection of the raffle winners among the respondents
was made with the help of online raffle software called “Name Picker.” The online system was used to have a
transparent lucky draw to get random 10 participants from the surveyed neighborhoods to keep it fair and
unbiased. The winners were then declared, and all the winners were informed about it through e-mail along with
the online gift cards and information regarding how the raffle was done and also, the links were provided to them
if they would like to check it. Here, below, the links are provided, which show the selected winners of various
neighborhoods.

Link to the winner selection:
e Lasonder: https://commentpicker.com /random-name-picker.phprid=rnp 60b60b89181bd441

e Stevenfenne: https://commentpicker.com /random-name-picker.phprid=rnp 60b60eeb3cc42476

o Twekkelerveld, Tubantia -  Toekomst : https://commentpicker.com/random-name-
picker.php?rid=rnp 60b611d97£3f5251
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3.4.4. Research Method

The research is done to achieve four objectives and answer their related questions. A mixed method of both
quantitative and qualitative are used to implement the research throughout four stages, corresponding to the four
objectives, as illustrated in the figure below. The first objective is to understand the problem of urban floods from
people’s perspective in the studyarea is achieved by a detailed literature review, detailed case overview, and analysis.
Then, the second objective is to understand the practiced and preferred NbS measures on the sites in relation to
objective 1. Then, for the third objective, the adaptive capacity is analyzed in regard to objectives 1 and 2. Finally,
objective four is to understand if the co-benefits (like human well-being or biodiversity) of NbS have any relation
to adaptive capacity. Hence, the overall objective is to understand the local flood adaptation of neighborhoods
with the integration of NbS and its effectiveness.

Objective 2 Objective 1

Conceptualization

Interview

I
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I

I

I

I
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Selection of indicators
for adaptive capacity

Perceived benefits and
disadvaniages of NbS
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Adaptive Capacity Index
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Figure 3-13 Overall flowchart of the overallmethod
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3.4.5. Objective 1: To understand the residents’ perception of the urban flood situation and identify areas affected in the
focusarea.

From the literature review, 160 survey and 4 interviews were carried out in the study area; analysis is performed to

identify the places that were primarily flooded. Itinvolves locating the areas that the respondents have pointed out

to be mostly flooded. The crosstabulation analysis was carried out to make the observation that was verified the

correlation of various relevant variables. Hence, it helps to understand the adaptation's climate-related stimuli (i.e.

urban flood) and the concept of “adaptation to what.”

3.4.6. Objective 2: To identify NbS preferences of NbS in household and at the neighborhood level in the areas affected in
the focus area.

Similar to objective 1, the analysis is performed by cross-tabulation along with the verification by correlation matrix

to understand the practiced and preferred NbS measures on the sites. Hence, it helps to understand the concept

of “how does the adaptation occur” by NbS.

3.4.7.  Objective 3: To explore adaptive capacity of the neighborhood to urban flooding.

The evaluation of adaptation to urban pluvial flood by NbS is done by assessing the Adaptive Capacity of the
neighborhoods. Identification of the adaptive capacity is crucial for the implementation of adaptation strategies
(Kruse et al., 2013). This Adaptive Capacity Index (ACI) is calculated for each study area and later compared
among all the study areas to better evaluate “how good is the adaptation.” Here, we discuss how the ACI is
calculated. Specifying adaptive capacity indicators

Financial
resource

Yearly household income ‘

Financial impact in response to flood ‘

Institutional assistance in NBS for flood ‘

—b’ Institutions I

v by

Public Private Collaboration ‘

Drainage Infrastructure (NBS) ‘

v v

~>{ Infrastructure I

Adaptive Capacity | Knowledge of Urban Flooding and preparedness ‘

Index (ACl) f——————— (NBS)
Knowledge and
awareness

Efficiency of drainage infrastructure ‘

—P‘ Awareness of the synergies of NBS ‘

’ Human resource | . ‘
4>{ o H Level of Education

T ) —P’ Preference to adopt NBES ‘
Willingness to
adapt

= 7 —-)* Willingness to pay ‘

Figure 3-14 Indicators for calculating Adaptive Capacity Index (ACI)
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3.4.7.1.
As explained in the theoretical framework, the adaptive capacity of a household is taken to be an emergentproperty

Selection of indicators

of the five types of livelihood assets viz. physical, human, natural, financial, and social. Further, following
Thanvisitthpon et al. (2020) six components of flood adaptive capacity: economic (financial resources), social
capital (institutions, awareness, and training), human resource capital, physical (infrastructure), and willingness to
adaptare taken into consideration.

Table 3-4 List of determinants and indicators of Adaptive capacity with its justification

Adaptive Adaptive Capacity | Justification Direction
Capacity Indicators of
Determinants Relation
Economic Yeatly household income | Household incomes play a role in individuals' adaptive +
Capacity capacity in flood prevention and rehabilitation efforts
(Financial (Thanvisitthpon et al., 2020).
Resoutce) Financial impact in | The impact of the flood is more pronounced if -
response to flood financial obligations are significant and long-term
(Thanvisitthpon et al., 2020).
Institutions Institutional assistance for | The existence of an institutional environment allows +
flood preservation and | fair access and entitlement to resources (Jones et al.,
preparedness (by | 2019).
integrating NbS)
Public-Private The system can incorporate and respond to changes +
Collaboration concerning its governance structures (ODI, 2010).
Infrastructure Drainage  Infrastructure | Availability of infrastructure allows the system to +
(NbS) respond to the expected stimuli.
The efficiency of drainage | Efficient urban floodwater management helps to +
infrastructure respond to the flood.
Knowledge and | Knowledge of Urban | The knowledge of flooding and information supports +
awareness Flooding adaption activities for preparedness.
Preparedness against
flooding
Human Level of Education (C1) Education and learning help +
resource capital system to incorporate and respond to changes.
Willingness  to | Preference to adopt NbS [ Willingness to adopt adaptive measures in the +
adapt household helps respond to changes.
Willingness to pay Interest for payment for the adaptive measures helps +
to adopt adaptive measures.
3.4.7.2. Calculation of Adaptive Capacity Index (ACI)

Having chosen the theory-driven indicators, it is validated with the appropriate theories, which is explained in its
justification in the table 3-5.

Determinants and indicators measuring adaptive capacity pet region were retrieved using different types of survey
questions (closed/open questions, single/ multiple-choice questions, and three or five Likert scales). Now all these
indicators are normalized to values within the range of 0 (lowest level) to 1(highest level), so they are directly
comparable and can be aggregated. In the study, each indicator's score is calculated as a weighted average indicator
(WAL referred from Thanvisitthpon etal. (2020), as shown in the table 3-7. The weights are assigned according
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to the importance of the responses from the respondents. To calculate WAI, many assumptions are made, which
are clarified in the table.

Once WAI is calculated, aggregation was achieved by equal weighting of the different indicators within each
determinant. Similarly, the scores of the six determinants were also aggregated with equal weighting to get a final
overall index of Adaptive Capacity based on the literature with equal weighting (Vincent, 2007).

3.4.7.3. Visualization of ACl by Adaptive capacity Wheel (ACW)

While calculating ACI, multiple indicators are aggregated to one value, and again these values are aggregated to six
dimensions and finally into one score on a specifying neighborhood’s adaptive capacity. However, with increasing
aggregation, detail is lost. Thus, Adaptive Capacity Wheels (ACW) helps to clarify the details of such assembly.

The color scheme (tratfic light system) refers to Gupta et al. (2010), where green symbolizes a high score and red
alow score. The scoring method is maintained from 0-1, where 1 symbolizes positive effect whereas 0 symbolizes

negative impact on the adaptive capacity as shown in table 3-6.

Table 3-5 Table showing color and score scheme for the adaptive capacity wheel

Effect on adaptive capacity ‘ Aggregated Scores for dimensions and adaptive capacity as a whole i

Slightly negative effect 0.21 - 0.4
Neutral or no effect 0.41 - 0.6
Slightly positive effect 0.61 - 0.8

40



NATURE-BASED SOLUTION (NBS) FOR LOCAL ADAPTATION OF NEIGHBORHOOD TO URBAN FLOODING: A CASE STUDY OF ENSCHEDE, NETHERLANDS

Calculation of adaptive capacity score (Weighted Average Indicator)

Table 3-6 Table showing the calculation of Weighted average indicator score

Adaptive Capacity
Components

Adaptive Capacity indicators

Calculation of Adaptive Capacity scores (ACS)

Financial Resources

Yeatly household income

WAI = [n1(0.20) + n2(0.40) + n3(0.60) + n4(0.80) + n5(1.00)] /N, where n1, n2, n3, n4, and n5 are the number
of respondents is below model, same as modal, about 1.5 times modal, About two times modal, and more than
two times modal (Modal: gross €22,000 to 24,000 per year) income groups, tespectively. N is the total number of
respondents in the neighborhood who responded to the question to this indicator.

Financial impact in response to
flood

WAI = [n1(0.20) + n2(0.40) + n3(0.60) + n4(0.80) + n5(1.00)]/N, whete nl, n2, n3, n4, and n5 are the number
of respondents with financial impact more than € 400, € 200 - € 400, € 100 - € 200, less than € 100 and € 0,
respectively; and N is the total number of respondents in the neighborhood who responded this question.

Infrastructure Drainage Infrastructure (NbS) (In Household)
WAI =[n1(0) + n2(0.20) + n3(0.40) + n4(0.60) + n5(0.80) + n6(1.00)]/N, where n1, n2, n3, n4, n5 and n6 are the
number of respondents with No measures,1, 2, 3, 4 and all 5 (Fagade Garden, Rain Barrel, Green roof, Vegetable
Garden, Water Passing Pavement)
respectively, and N is the total number of respondents in the neighborhood who responded this question.
(In Neighbothood)
WAI =[n1(0) + n2(0.20) + n3(0.40) + n4(0.60) + n5(0.80) + n6(1.00)] /N, where n1, n2, n3, n4, n5 and n6 are the
number of respondents with No measures,1, 2, 3, 4 and all 5
(Urban Waterways, Trees and Plants, Wadis, Rainwater Pond, Water passing pavement) respectively; and N is the
total number of respondents in the neighborhood.
The efficiency of drainage | (In Household)
infrastructure (NbS) WAI = [n1(0) + n2(0.5) + n3(1)]/N, whete n1, n2, and n3 are the number of tespondents with No measures,
measure with @low and @ @moderate effectiveness respectively; and N is the total number of respondents in
the neighborhood.
(In Neighborhood)
WAI = [n1(0) + n2(0.33) + n3(0.67) + n4 (1)]/N, where n1, n2, n3, and n4 ate the number of respondents with
No measures, measure with ‘low, ‘ ‘moderate and‘ “ high effectiveness respectively. N is the total
number of respondents in the neighborhood.
Institutions Institutional assistance in NbS for | WAI= Respondents answer to questions related to assistance related to NbS, where yes

flood

will be scored one and no 0 then quantified in average score 0 to 1

Public-Private Collaboration

WAI= Respondents answer to questions related to the participation in NbS projects, where yes will be scored one
and no 0 then quantified in average score 0 to 1
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Adaptive Capacity

Adaptive Capacity indicators

Calculation of Adaptive Capacity scores (ACS)

Components
Knowledge and | Knowledge and Experience of | WAI= Respondents answer to few questions related to experience in flooding, area flooded, cause of the flood,
Awareness Urban Flooding where yes will be scored one and no 0 then quantified in average score 0 to 1
Preparedness against flooding WAI = Respondents answer few questions related to the action for prevention of flooding,in household level, if
they can answer it will be scored one and if they don't know it will be cut 0 then quantified in average scote 0 to
1
Human resource | Level of Education WAI = [n1(0.20) + n2(0.40) + n3(0.60) + n4(0.80) + n5(1.00)]/N, where n1, n2, n3, n4, and n5 are the number
capital of respondents with No completed education, Elementary School, High School, Middle - level applied education

(MBO in Dutch), Higher Professional Education (HBO in Dutch), University (WO in Dutch) education level,
respectively. N is the total number of respondents in the neighborhood.

Willingness to adapt

Preference to adopt NbS (HH) &
™)

WAI = [n1(0.20) + n2(0.40) + n3(0.60) + n4(0.80) + n5(1.00)]/N, whete n1, n2, n3, n4, and n5 are the number
of respondents who willingness to adapt no measures, 1, 2, 3, 4 and 5 measures, tespectively in household and
neighborhood; and N is the total number of respondents in the neighborhood.

Willingness to pay

WAI = [n1(0.20) + n2(0.40) + n3(0.60) + n4(0.80) + n5(1.00)]/N, whete nl, n2, n3, n4, and n5 are the number
of respondents with € 0 and don'tknow, less than €5, ;€5 - € 15, €15 - € 25 more than €25 willingness to pay,

respectively; and N is the total number of respondents in the neighborhood.

Here,

N is the total number of respondents who answered questions related to those indicators.
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3.48. Objective 4: Analyze various benefits and disservices of NbS and its relation with adaptive capacity.

For further evaluation of “how good is the adaptation,” the relation of adaptive capacity is analyzed with the
perceived benefits and disservices of NbS. For this, data regarding respondent’s perception of the benefits and
disservices of the mentioned NbS at the household and neighborhood level were analyzed by cross-tabulation.
Then, to better evaluate, the ACl and its relation to the sum of perceived benefits and disservices are compared
among neighborhoods to get a clear picture.

3.5. Ethical Consideration

The research mainly depends on the personal data obtained from the participation of human subjects from surveys
and interviews. These personal data are treated as very confidential. Itis ensured that the information provided by
any respondents is not misused through this research and to make the data subject (respondents and stakeholders)
assure of it the introduction in the survey form explains about the data confidentiality and how the data will be
used.

The survey forms were only distributed after the I'TC Ethics Committee approved it by successfully filling up the
MSc Research Ethics questionnaire. In this the explanation of ethical approach regarding sensitive data like the
name, identification number, and location was given. According to the desctiption given to ITC Ethics committee,
the personal data are kept confidential and even if the data subjects have a problem with it, they have the right to
be forgotten and the right to erasure. With the agreement of I'TC Ethics committee suggestions, Informed consent
were provided to the respondents. If the data subjects permit the information, it will be recorded by an explicit

statement in the informed consent form.

Further, data were collected respecting the dignity and background of people involved in the research avoiding
offensive and discriminatory language. Considering the situation of pandemic, safety was kept in priority of the
respondents. While researching, various other researchers' works are also referred to, which is acknowledged with
proper citation and references, avoiding plagiarism issues.
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4. RESULT AND ANALYSIS

This chapter elaborates the findings of the conducted survey with the residents of the selected neighborhoods.
Appendix 2 shows the constructed questionnaire. The questionnaire were completed by residents living in
Lasonder- Zeggelt, Stevenfenne, and Twekkelerveld and the area of Enschede.

41.  Objective 1: To understand the residents' perception of the urban flood situation, and identify areas
affected in the focus area

This section discusses the status of urban floods and the risk areas from the comparative presentation of residents'

perception of three study areas. It reviews urban flooding, areas where it occurs more often, its cause, related

problems, and actions taken against it obtained from the survey.

41.1. Experience of urban flood

In Lasonder-Zeggelt, only a few 20% of respondents have experienced flood in their street, garden, and basement.
In Stevenfenne, almost 30% have experienced flood, mostly in their garden and street. A few of the residents
parking lots and basements (also mentioned crawl space under the house, alley, and shed) get flooded. At the same
time, a maximum number of respondents in Twekkelerveld, i.e., more than 65% of respondents have experienced
a flood, mostly in their streets. Some also mentioned that their shed and garage were flooded.

Atk

Lasonder stevenfenne I'wekkelerveld

wou Figure 4-1Areas flooded near the house of respondents ~ '*°%

Further, the correlation matrix helps us to clarify the experience of floods in the neighborhoods. From the matrix,
it is clear thatin Lasonder-Zeggelt, the people living here between 5-10 years have a positive correlation with the
experience of the flood, which means they have experienced more flood. In contrast, in Stevenfenne and
Twekkelerveld, people living there for more than ten years seem to have experienced more floods as it is
moderately positively correlated.

Table 4-1 Correlation matrix of years of people living in the neighborhood with the experience of flood.

Experienced flooding Lasonder Stevenfenne Twekkelerveld
Less than 5 years -0.20 -0.35 -0.51
5 - 10 years 0.44 -0.05 -0.09
More than 10 years -0.36 0.42 0.52
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41.2. Flooded areas

Based on the results of the correlation matrix, another correlation was done with only the relevant group of people,
ie., between people who have experienced flooding and most flooded area. In Lasonder-Zeggelt, home ot
basement and garden are seen positively correlated with the experience of flooding. In contrast, in Stevenfenne,
the basement, street, and parking lot are more positively correlated. Similarly, Twekkelerveld has a moderately
positive correlation with the streets as mostly flooded. The results derived from the cross-tabulation are the same
as the correlation matrix. This means people living in Lasonder — Zeggelt believe they experience more flood in
basement and garden, in Stevenfenne streets and parking lot are more flooded whereas in Twekkelerveld streets
are more flooded.

Table 4-2 Correlation matrix of perceived flooded areas around the house with years of people living in the
neighborhood and the experience of flood

. Home or .
Neighborhood Mostly Flooded basement Garden Street Parking lot
Experienced flooding (Yes) 0.67 0.06 0.17 -0.07
Lasonder-Zeggelt
5 - 10 years -0.14 0.35 0.07 -0.05
S . Experienced flooding (Yes) 0.18 0.08 0.38 0.34
tevenfenne
More than 10 years 0.21 -0.03 0.29 0.16
Experienced flooding (Yes 0.01 0.19 0.56 0.30
Twekkelerveld P g (¥
Morte than 10 years -0.04 0.16 0.50 0.26

41.3. Flooded areas in relation with the perceived cause of urban flooding

The respondents could quickly locate the affected areas on the map by relating the survey responses of the
respondents' perception of flooded areas in maptionnaire. According to the survey and area found and mentioned
in the maptionnaire, the flooded areain study areas identified is shown in the heat maps. Here, the perceived causes
are observed in relation to flooded areas.

In Lasonder-Zeggelt, some people also
experience groundwater nuisance due to high
groundwater levels. Almost 23% of them
believe the leading cause for the flood here is
poor drainage structure. While some also
believe that the green spaces are not just
inadequate but also not enough. A respondent
who has been living in the study area for more
than 20 years said that “The cause of the water
problem is well known, the presence of an impermeable
layer that is in some parts (and mostly just outside the
area of your survey) is present at little depth. An
example is an area along the Musenmlaan and its
surroundings.”

Figure 4-2 Heat Map showing the responses for Iocated areas flooded in
Lasonder-Zeggelt
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In Stevenfenne, 23% of respondents
believe the leading cause of the flood is
poordrainage structure, and around 20%
consider it due to excessive rain. Only
14% and 11% of the respondents think
that the green spaces are inadequate, and
the impermeability is the cause for
flooding, which seems to be one of the
major causes. Of 12% of respondents,
one who believes the flooding is because
of high groundwater level explained the
reason being “One of the lowest places in
Enschede; when the textile industry left they
didn’t use water anymore which cansed the water
level to rise.” Also, a respondent living in
the study area for more than ten years
believes that the flooding is mainly
caused by the poor drainage ‘I
renovations, do not consider drainage in gardens,
s0 that water does not run off.”

In Twekkelerveld, more than 40% of
respondents believe the leading cause of Figure 4-3 Heat Map showing the responses for located areas flooded in
the flood is poor drainage compared to Stevenfenne

other reasons like excessive rain,

inadequate green spaces, and impermeability. Very few respondents, only around 10%, believe that flooding is
caused due to high groundwater levels. As per responses, one of the respondents living in the study area for more
than ten years clearly explained that the flooding is because “A/ of Enschede's water runs through twekkelerveld, sewers
can't cope, and twekkelerveld is low.” Similatly, two of the respondents living here more than ten years also mentioned
its because of lack of maintenance of drains as they said the causes to be “Fadlure to clean the manholes on the street and
the thresholds on the street where water remains between them,” “And people should keep the state gullies leaf and debris free or call
the municipality when they are full. This can also prevent nuisance.” Description of the flooded areas given by the
respondents explains how flooding is one of the severe issues of the Twekkelrveld like; one of the respondents
who have been living in the area for more than ten years explained: “GJ van Heekstraat and surronndings. The water
then flowed through the G| van Heekstraat from the city towards Hengelo. Sometines even small boats sailed throngh. With us, it
never came into the bouse, fortunately’.

From the correlation matrix 4-3, it is clear that people affected by flood in Lasonder-Zeggelt tend to petceive the
cause of flood to be more because of poor drainage and high groundwater level. Similarly, in Stevenfene poor
drainage and high groundwater level and Twekkelerveld excessive rain and poor drainage.
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Table 4-3 Correlation matrix of perceived cause of flood with people who have experienced flood

. Inadequate Poor High
Excessive . o
Causes of flood rain green drainage | Impermeability ground-
spaces structure water level
Lasonder- Experienced 0.14 0.03 0.36 0.14 0.50
Zeggelt flooding (Yes)
Stevenfenne Experienced
. 0.14 0.02 0.26 0.11 0.18
flooding (Yes)
Experienced
Twekkelerveld . 0.19 0.04 0.33 0.01 -0.13
flooding (Yes)

41.4. Problems dueto flooding and actions taken to overcome

In Lasonder-Zeggelt,notmany people have experienced flooding and more than 50% of those affected by flooding
act to it. Some residents also make sure they regularly clear debris from drains and ditches, point down pipe away
from the house, and few of them have also installed foundation vents, sump pumps, or dehumidifiers for the
problem of wet basements.

\exustrisharen

Figure 4-4 Heat Map showing the responses for located areas flooded in Twekkelerveld

An elderly respondentliving in Dacostastraat whined, “Basement wet even without rainfall and streets were full of severe
rainfall. Now I use a debumidifier. Every three days we need to empty it. A few years ago, it was not necessary.”

In Stevenfenne, most of the residents are not much aware of the causes and ways of dealing with the flooding at
the residentlevel. So, when asked if they take action to tackle the flooding, almost 48% said they do not take any
action, while 45% said they act. Among people who say they take action when asked about what they do, there are
almost 25% who do not know what to do. However, nearly 45% install green and blue measures, as some of the
residents surveyed explain they replaced stones in the garden with plants. Some residents of almost 19% make sute
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they regularly clear debris from drains and ditches. A respondent explained that he sweeps water too well with the
broom. 11% of respondents point downpipes away from the house, and one of them said, “Hawve had the tiles in the
aisle laid as a gutter towards the street so that the water is directed to the street.”

In Twekkelerveld, the response was 50-50 who do and do not take any action personally to prevent flooding in
their residence. Among people who take action, 45% install green and blue measures, and itis also clear from the
direct observation that most houses have gardens with plants and gravel. One of the respondents explained that
having “Fewer stones, more green grass in the garden.” Also, 33% make sure they regularly clear debzis from drains and
ditches. A respondent explained, ‘T &eep the street gully in front of our house clean.” Around 8% of respondents point
downspout away from the house. Only in Twekkelerveld, 4% have installed water sensors or flood detection
systems.

From the correlation matrix, it is clear that people affected by flood in Lasonder-Zeggelt, Stevenfenne and
Twekkelerveld tend to clear the debris regularly.

Table 4-4 Correlation matrix of actions taken to prevent flood with years of people living in the neighborhood and
the experience of flood

Point Install
. Install water Regularly clear
) downpipes green and - )
Action taken to prevent flood sensors or flood debris from drains
away from blue . .
detection systems and ditches
the house measures

Lasonder- | L perienced 0.29 -0.10 0.01 0.41

flooding (Yes)
Zeggelt

5 - 10 years -0.05 -0.07 0.17 0.35

Experienced

) 0.04 -0.02 0.39

Stevenfenne flooding (Yes)

More than 10 0.11 0.12 0.10

years

Experienced 0.14 0.08 0.19 0.19
Twekkelervel | flooding (Yes)
d More than 10 0.02 0.16 0.15 0.36

years

4.2.  Objective 2: To identify NbS preferences of NbSin households and atthe neighborhood levelin the areas
affected in the focus area.

This section explains the status of NbS practiced and preferred in three neighborhoods. While the results of the
perception of residents over NbS practiced, preferred, willingness to accept it, and participation in the

implementation of NbS for urban flood adaptation are obtained from the survey. All these are compared among
the three neighborhoods.

4.21.  NbS practiced at the household level

If we see, Lasonder-Zeggelt has the highest percentage (95%) of people adopting NbS. In contrast, Twekkelerveld
(17%) and Stevenfennne (13%) have more dwellings not taking any measures to control stormwater. The green
roofis already practiced in the residences in Lasonder (16%), whereas in Twekkelerveld, none of the residents have
it, and in Stevenfenne (1.2%), few percent of houses have it. Almostall three neighborhoods have a remarkable
percent of permeable pavement. Rain barrel also being the cheap measure all the neighborhoods have many
percent. Most of the household in Lasonder-Zeggelt (31%) are practicing facade garden while most of the
households of Stevenfenne (30%) and T'wekketlerveld (23%) are practicing permeable pavement.
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Figure 4-5 Graph showing NbS practiced in household level

4.21.1.

Some residents (3.6%) in Stevenfenne do not know any adopt measures. Rain barrels and passing water pavement

NbS preferences in household level

being cheap and easy people prefer it more in all the neighborhoods. Similarly, people in Lasonder would like to
have more green roofs because of their lifestyle. Likewise, the other two areas also want green roofs but lesser than
Lasonder.

4.21.2.

From the correlation matrix, it is clear thatin Lasonder-Zeggelt, those who believe their basementis flooded prefer

NbS preferences in household levelin relation with mostly flooded places around the house

Facade garden more, whose gardens are flooded prefer all the NbS except vegetable garden, whose streets are
flooded prefer Vegetable garden, whose Parking lot is flooded prefer Green roof.

Table 4-5 Correlation matrix of preference of NbS with the flooded area in Lasonder-Zeggelt

Preferences of NbS in Mostly Flooded - home Mostly Flooded Mostly Flooded Mostly Flooded
Lasonder-Zeggelt or basement Garden Street -Parking lot
Facade garden 0.09 0.07 -0.21 -0.10
Rain Barrel 0.00 0.22 0.13 -0.12
Green roof 0.00 0.13 0.04 0.16
Vegetable Garden -0.05 -0.05 0.23 0.19
Water-passing pavement 0.00 0.22 0.13 0.16

Similarly, in Stevenfenne, those who believe their basement is flooded prefer vegetable garden, water- passing

pavement, whose gardens are flooded prefer rain barrel and green roof, whose streets are flooded prefer facade

garden, whose Parking lot is flooded prefer rain barrel.

Table 4-6 Correlation matrix of preference of NbS with the flooded area in Stevenfenne

Preferences of NbS in Mostly Flooded Mostly Flooded Mostly Flooded Mostly Flooded-
Stevenfenne home or basement Garden Street Parking lot
Facade garden 0.21 -0.16 0.32 0.12
Rain Batrel 0.05 0.20 0.04 0.21
Green roof 0.03 0.24 0.01 -0.21
Vegetable Garden 0.18 -0.01 0.19 -0.14
Water-passing pavement 0.22 -0.10 0.01 -0.07
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Similarly, in Twekkelerveld, those who believe their basementis flooded prefer the Green roof, whose gardens are
flooded prefer all NbS except the green roof, whose streets are flooded prefer all NbS.

Table 4-7 Correlation matrix of preference of NbS with the flooded area in Twekkelerveld

Preferences of NbS Mostly Flooded Mostly Mostly Mostly Flooded- | Mostly Flooded-
. home or Flooded X
in Twekkelerveld Flooded Street Parking lot Playground
basement Garden
Facade garden -0.08 0.21 0.13 0.09 -0.08
Rain Barrel -0.08 0.09 0.13 -0.02 -0.08
Green roof 0.22 -0.11 0.14 0.01 -0.08
Vegetable Garden -0.15 0.10 0.16 -0.04 -0.06
Water-passing 0.00 0.26 0.17 -0.07 -0.09
pavement
4.2.2. NbS practiced at the neighborhood level by the municipality

The NDbS here discussed here are in different phases of their construction and implementation, which helps to
understand the involvement of citizens in the planning, construction, and implementation process. Here the driver
of the change and leading actor is the municipality.

4.2.3. NbS preferences in the neighborhood level 20

In all three study areas, people prefer trees and =
plants as these are perceived to be visually
attractive and effective in flood prevention.

People in Twekkelerveld feel that they shoud — *”
have more rainwater ponds (19%) and urban 1
waterways (18%). In Stevenfenne, people (27%)
think there is lack of measures and want to have

water passing pavement more.

Lasonder Stevenfenne Twekkelerveld

W Urbanwaterways () ()
Rainwater Pond () ) &)

M Trees and Plants O &
B Water passing pavement () ()

Wadi O OO

M Don't know

4.2.3.1. NbS preferences in neighborhood levelin

relation to willingness to pay

Figure 4-6 Graphs showing NbS preferences in neighborhood leve

From the cross table below, it is clear that the NbS preference corresponds to the willingness to pay. In Lasonder-
Zeggelt, most respondents are willing to pay more than € 30 for trees and plants (maximum)and €10-20 for utban
waterways. In Stevenfenne, they are willing to pay 10-20 for trees and plants (top) and less than € 10 for urban
waterway and water passing pavement. In Twekkelerveld, mostpeople pay€ 10-20 for trees and plants (maximum)
and water-passing pavement.

Table 4-8 Cross-tabulation of Preference of NbS in neighborhood and willingness to pay

Utrban Trees and ) Rainwater Water passing Don't
Row Labels Wadi
waterways Plants Pond pavement know
Lasonder 15 29 16 9 17 3
€0 1 3 1 0 2 0
<€10 2 5 2 0 2 1
€10-€20 5 6 2 3 3 0
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€ 20- €30

> €30

0 2
5 8
Don't know 0 2
(blank) 2 3

Stevenfenne 14 27

€0

<€10

€10-€20

> €30

Don't know

3 3
4 6
2 7
€ 20- € 30 2 4
1 1
2 4
0 2

(blank)
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~
—
o
—_
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€0
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€10-€20

> €30

2
1
4
€20-€30 4
2
5

Don't know

Ol O O | O O = O —| OO O] O~ N O] O] ©

E BSH BE N BEC2 N BN NS B )

(blank)

Grand Total 47 85

4.2.4. Citizen’s Participationin NbS in the neighborhood level

All the study areas have NbS being constructed, and some are planned to be constructed shortly. Most of the

respondents of all three study areas are well informed about the work and progress with the newsletter, leaflets,

etc. Mostof the respondents in L.asonder were observed participating actively in suggesting possible solutions.

However, they were not much consulted, whereas in Stevenfene and Twekkelerveld, they were consulted more,

but they give fewer suggestions.

4.2.5. Factors of motivation to participate in
adopting NbS

In all three study areas, people do not know
what motivates them to adopt NbS but believe
that minor time-consuming procedures can
encourage them. People in Lasonder prefer
accessible communication (20%) rather than
assurance of financial and technical assistance
(8%), while in Stevenfenne (23%) and
Twekkelerveld (18%), people prefer financial
and technical assistance.

12
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~

]

Lasonder Stevenfenne Twekkelerveld

m Easy communication for information flow ® Less time consuming procedure

Assurance of financial and technical assistance ® Don't know

Figure 4-7 Graph showing the perceived factor of motivation for
the study areas
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4.3.  Objective 3: To explore adaptive capacity of the neighborhood to urbanflooding.

This section explains the assessment of adaptive capacity with the help of the Adaptive Capacity Index (ACI)
calculated for each neighborhood as described in the method in chapter-4. The result of scores of various
determinants, indicators,and overall ACIis expressed with the help of the analytical toolof the “Adaptive Capacity
Wheel” (ACW) as there are notmany exclusive tools to assess the various determinants of the AC. The case studies
are explained in terms of ACW reviewing the capacity performance to adapt to urban pluvial flood in the
neighborhood of Lasonder-Zeggelt, Stevenfenne, and Twekkelkerveld concerning NbS. It also helps to
communicate the strength and weaknesses of a specific area in its various components.

44. Adaptive Capacity Wheel

44.1. Lasonder-Zeggelt (ACl= 0.65)

According to the adaptive capacity wheel in figure 4-8 overall ACI expresses that the neighborhood has a slighty
positive result of being adaptive to the flood integrating NbS, and it scores highest among the three areas. Also,
there ate no determinants or indicators that have a negative impact on adaptive capacity. Among all the
determinants, having “Human resource capacity” has a highly positive effect on the adaptive capacity since the
maximum number of the respondents here are at the university level, and almost all are well educated. Other
determinants having slightly positive effect are “Knowledge and Awareness” as most of the people are very much
aware of the flood risks and with “Financial resource” most of the respondents have more than two times the
modal. In contrast, there are comparatively fewer people having income below modal and less financially impacted
due to flood.

Nevertheless, the determinants that are related to NbS do not have any effect on adaptive capacity. Though NbS
as drainage infrastructure is slightly practiced, the efficiency of those infrastructures to prevent flooding is not so
good. “Institutional Capacity” also does not affect the adaptive capacity as it scores less in both public-private
collaboration and even institutional assistance in NbS. Even people are unwilling to adapt as they have moderate
no. of preference to adjust and less willingness to pay.

Table 4-9 Summary of the scores of determinants, indicators, and Adaptive capacity index of Lasonder - Zeggelt

Determinants Adaptive Component Indicators Indicator
Score (ASC) Score
. . Yeatly household income 0.68
Financial Resource 0.75
Financial impact in response to flood 0.83
. Drainage Infrastructure (NbS) 0.43
Infrastructural Capacity 0.49
Efficiency of Drainage Infrastructure 0.55
Institutional Assistance in NBS 0.59
Institutional Capacity 0.55 — —
Public-Private Collaboration in NBS 0.52
Knowledge of flood 0.85
Knowledge and Awareness 0.73
Preparedness 0.61
Human Resource Capacity 0.86 Education and learning 0.86
o Preference to adopt NbS 0.51
Willingness to adapt 0.59 —
Willingness to pay for NbS 0.57
Overall Adaptive Capacity Index (ACI) 0.65
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Figure 4-8 Adaptive capacity wheel of Lasonder-Zeggelt

442, Stevenfenne (ACI = 0.55)

From the calculation of ACI, it was found out that it scored the least with 0.55 among all three neighborhoods.
From the wheel in figure 4-9,it is observed thatthe determinant “willingness to adapt’ has a slightly negative effect
on the AC with the minor scoring indicator “willingness to pay” as people here were not willing to pay to adopt
NbS in their house or neighborhood. Similarly, the determinant of “infrastructural capacity” does notaffect AC.
Its indicator of NbS as drainage infrastructure was observed to negatively impact as most of the residents here
barely have NbS measures in their houses. However, the efficiency of the litle NbS practiced is good, so ithas a
positive effect on AC. Similarly, the determinant of “institutional capacity” has no impactin AC as less score can
be observed in indicator of “public-private collaboration in NbS” and “institutional assistance in NbS” as people
seem to be less aware and interested in such collaboration and initiatives for adopting NbS. In contrast, it is seen
that people are aware of the flood and have good knowledge buthowever are notwell prepared forit, which shows
that the determinant of “knowledge and awareness™ has a slight positive effect on adaptive capacity. Also, “human
resource capacity” is observed to have a positive effect as the people are well educated. The determinant of
“financial resource” shows no effect on adaptive capacity as the average household income scores low; however,
the financial impact by the flood is low.
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Table 4-10 Summary of the scores of determinants, indicators and Adaptive capacity index of Stevenfenne

Adaptive .
X . Indicator
Determinants Component Indicators
Score
Score (ASC)
Yearly household income 0.42
Financial Resource
0.54 Financial impact in response to flood 0.67
. Drainage Infrastructure 0.35
Infrastructural Capacity 0.50
Efficiency of Drainage Infrastructure 0.66
Institutional Assistance in NBS 0.55
Institutional Capacity 0.47 — —
Public-Private Collaboration in NBS 0.38
Knowledge of flood 0.87
Knowledge and Awareness 0.67
Preparedness 0.47
Human Resource Capacity 0.69 Education and learning 0.69
o Preference to adapt 0.42
Willingness to adapt 0.40 —
Willingness to pay 0.39
Overall Adaptive Capacity Index (ACI) 0.55

Negative effect
0-02

Preferance to
adapt

Preparedness

Adaptive
Capacity Index
(ACI)

Yearly
household
income

Financial
Resource

Institutional
Capacity
Infrastructural
Capacity

Institutional
Assistance
in NBS

Slightly Negative Neutral or no effect Slightly Positive effect
effect (0.21 - 0.4) 041 -¢6) 0.61-0.8)

Figure 4-9 Adaptive capcity wheel of Stevenfenne

Positive effect
(0.81-1)
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44.3. Twekkelerveld (ACI= 0.61)

The overall ACI expresses that the neighborhood is slightly favorable to being adaptive to the flood integrating
NbS. The wheel in figure 4-10 shows that the determinants have slightly positive or no effect on the AC. The
determinant of “financial resource,” “knowledge & awareness,” and “human resource capacity” are seen to have
slightly positive as people have a less financial impact due to flood but also have low yeatly income as most of the
people had a household income of about 1.5 times the modal and very few had income less than modal. Almost
all the residents are educated, and most have attained HBO Professional. People are highly aware of the flood as
they are more exposed to it but are notas prepared for it as they are knowledgeable. From the wheel, it is clear
that the determinants related to NbS “infrastructural capacity” do not affect AC as there is less drainage
infrastructure by NbS in house and neighborhood, so it has a slightly negative effect. However, the efficiency of
the prevalent NbS is good, so it has a somewhat positive impact on AC.

Similarly, “institutional capacity” that promotes NbS seems not to affect AC, as people are not much interested
and involved in the participation of NbS on a household or neighborhood scale. Comparably, the assistance
provided to adopt NbS has a slightly positive effect on AC. Likewise, the “willingness to adapt” does not affect
AC as people here do not prefer much NbS in their house & neighborhood, and also, they are not willing to pay
for NbS.

Preferance to
adapt

Preparedness

Willingness

Willingness to pay

to adapt

Yearly
household
income

Institutional
Capacity

Public Private
Collaboration

Infrastructural
Capacity

Negative effect
0-0.2)

Slightly Negative Neutral or no effect Slightly Positive effect
effect (0.21 - 0.4) 0.41 - 6) (0.61-0.8)

Positive effect
(0.81-1)

Figure 4-10 Adaptive capacity wheel of Twekkelerveld
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Table 4-11 Summary of the scores of determinants, indicators, and Adaptive capacity index of Twekkelerveld

Determinants Adaptive Component Indicators Indicator
Score (ASC) Score
Financial Resource Yearly household income 0.6
0.68 Financial impact in response to flood 0.77
Infrastructural Capacity 0.47 Drainage Infrastructure 0.30
Efficiency of Drainage Infrastructure 0.65
Institutional Capacity 0.55 Institutional Assistance in NBS 0.63
Public Private Collaboration in NBS 0.48
Knowledge and Awareness | 0.69 Knowledge of flood 0.90
Preparedness 0.48
Human Resource Capacity 0.76 Education and learning 0.76
Willingness to adapt 0.49 Preference to adapt 0.51
Willingness to pay 0.47
Overall Adaptive Capacity Index (ACI) 0.61

4.5.  Objective 4: Analyse various benefits and disservices of NbS and its relation with adaptive capacity.
From the survey, it is clear that the households in all neighborhoods are well aware of the benefits and disservices
of NbS at the houschold and neighborhoodlevel apart from flood prevention. This section discusses the perceived
advantages and disadvantages of NbS and its relationship with adaptive capacity.

4.5.1. Perception of Benefits and Disservices of NbS by residents in household level

The cross table below shows the maximum benefits mentioned for the NbS in the household. However, none of
the said measures were seen having any benefits of traffic noise reduction.

Table 4-12 Table showing the most mentioned benefits of NbS in household
NbS in the household (Benefits)

NbS Lasonder Stevenfenne Twekkelerveld

Visually attractive, Air

Facade Garden Visually attractive . Visually attractive

putification
. o Biodiversity, Temperature temperature regulation, air

Rain Barrel Biodiversity . ¥ . p 'p . s ?
regulation (cooling) purification
Temperature regulation, air

Green roof Temperature regulation purification

Vegetable garden Biodiversity Biodiversity Biodiversity

Water passin Temperature regulation
p g p 3>

Temperature regulation temperature regulation

pavement Biodiversity
NbS in the household (Disservices)
. No disadvantage, Hard to Hard to maintain, no
Facade Garden No disadvantage o )
maintain disadvantage
Rain Barrel No disadvantage
. Hard to maintain, Hard to argue, expensive
Gtreen roof No disadvantage . . .
Expensive maintenance maintenance

No disadvantage, hard to L Hard to maintain, no
Hard to maintain

Vegetable garden L . .
maintain (time-consuming) disadvantage

ater passing No disadvantage No disadvantage No disadvantage
pavement
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4.5.2. Perception of Benefits and Disservices of NbS by the municipality at the neighborhood level

The cross table below shows the maximum benefits mentioned for the NbS in neighborhoods. However, people

believe that there are not many disadvantages of NbS at the neighborhood level except that people in Lasondet-

Zeggelt and Stevenfenne find that there might be safety issues with urban waterways.

Table 4-13 Table showing the most mentioned benefits of NbS in neighborhood

NbS in the neighborhood (Benefits)

NbS

Lasonder

Stevenfenne

Twekkelerveld

Utban waterways

Visually attractive,
temperature regulation

Visually attractive

Visually attractive

Trees and Plants

Alr purification

Air purification

Alr purification

Wadis

Temperature regulation

Visually attractive,
Biodiversity

Visually attractive

Rainwater pond

Temperature regulation

Temperature regulation

Temperature regulation

Water passing pavement

Temperature regulation

Biodiversity

visually attractive,
temperature regulation

NbS in the neighborhood (Disservices)

Urban waterways

Safety issues

Safety issues

No disadvantage

Trees and Plants, Wadis,
Rainwater pond, Water

passing pavement

No disadvantage

No disadvantage

No disadvantage

4.5.3. Knowledge of benefits and disservices and their relation with adaptive capacity

Here, people in Lasonder-Zeggelt and Twekklerveld believe there are more benefits of the NbS and fewer

disservices than Stevenfenne. Relating the knowledge of benefits of NbS with the adaptive capacity index as seen

in figure 4-11, it is observed that there is positive relation of knowledge of benefits and disservices with adaptive

capacity index. This shows that people who have more knowledge of the benefits of NbS are more adaptive to the

urban flood.

Table 4-14 Percentage of the sum of perceived benefits and disservices of NbS with the ACI of the neighborhoods

Lasonder-Zeggelt Twekkelerveld Stevenfenne
ACI in 100 65.00 61.00 55.00
% sum of perceived benefit 67.13 68.32 66.29
% sum of perceived disservices 32.87 31.68 33.71
80.00
20.00 67.13 68.32 66.29
60.00
55.00
50.00
40.00 32.87 31.68 3371
30.00
20.00
10.00
0.00
Lasonder-Zeggelt Twekkelerveld Stevenfenne

. % benefit

% disservices —emmm—pC|

Figure 4-11 Graph showing sum of perceived benefits and disservices of NbS with the ACI
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5. DISCUSSION

This chapter includes a discussion of the results explained in the previous chapters. The results are discussed based
on each objective, compatred among the study areas, and related to the literature. The discussion is made in four
sections regarding the state of urban flood and their attitude towards it in the study areas. Based on the results
derived from the documents, household survey, and the comparative analysis of the study areas, the extent of the
problem of the study areas for people living there is tried to detive.

5.1.  Relation of urbanflood occurrences in the neighborhood andNbS

The results from the map responses and the vulnerability and flood depth map in extreme precipitation from
“Climate Atlas Twente” have a good match which explains that people are well aware of the problem and know
exact locations which are more problematic during heavy rain. The urban flood occurrences are seen as dependent
on various factors like the location and existing conditions. At the same time, the actions to prevent floods, like
NbS, are influenced by the severity of the flood and the people's lifestyle.

Lasonder-Zeggelt has a low green percentage in the neighborhood to infiltrate the surface water and a more
significant pavement percentage, increasing the impermeability. From the survey, it was clear that groundwater
nuisance was not evident in the past. However, a substantial problem of groundwater nuisance was observed in
streets like Dacostastraat. Also, Climate Impact Atlas states that there is a high probability of groundwater nuisance
in 2050 of some ateas in the neighborhood. From direct observation and survey, itis observed that the regions at
the east are elevated compared to west. Some of the areas elevated in adjacent neighborhood Roombek has the
highest percentage of pavement that lets more surface water flow from that neighborhood to the lower elevated
areas of neighborhood Lasonder-Zeggelt. Most of the residents here are climate-active citizens (the committed
hedonists), according to a lifestyle study by Ons Water & SAMR Martktvinders (2019). So, most of the residents
are aware of the green and blue measures and have been involved in the community initiative of “so green,” whete
they have installed green fagade in their houses. People are aware of the problem. Here, people have a greater
average income level than other neighborhoods, which gives better ability to act on it and are willing to adopt NbS
in their residences. Hence, people here are willing to pay even the highest mentioned tax per year for NbS at the
neighborhood level as many find the green spaces inadequate. However, Lasonder-Zeggelt is less affected by flood
than other neighborhoods, so they prefer all kinds of NbS except vegetable gardens considering visual
attractiveness instead of flood prevention.

In Stevenfenne, the green spaces are inadequate and insufficientas the percentage of green is only 27.98%, whereas
the pavement percentage is 72.02 %. Hence, impermeability is likely to be a significant cause of flooding. Many
people face groundwater nuisance and also according to Climate Impact Atlas the whole area of Stevenfenne has
a moderate probability of having groundwater nuisance in the future 2050. Many believe that flooding is caused
due to high groundwater levels and being in the lowest elevated area of Enschede. The surface water flows from
other neighborhoods towards it. RIONED & STOWA (2015) have also pointed out that people believe poor
drainage of shallow depth cannot take the excessive volume of surface water. So, there are some existing N bS like
the Stadsbeek (urban waterway), which helps drain stormwater and maintain groundwater levels. In this NbS,
residents actively participate by disconnecting the down water pipe to sewer and directing it to Stadsbeck on its
excellent utilization. However, from the direct observation, few residents were not pleased with this idea because
their pathways are flooded during heavy rain. According to the Ons Water & SAMR Martktvinders (2019), the
residents of Stevenfenne are “far from my bed lifestyle,” which often consists of women with a low to medium
level of education and a young family decreases their level of awareness and ability to act on the problem. Hence,
peoplehere are willing to pay the least mentioned tax per year for NbS at the neighborhoodlevel since Stevenfenne
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is more vulnerable to flood, so their preferences of NbS are relatively for flood prevention and cheap easy to
maintain, like a rain barrel.

Of the three study areas, Twekkelerveld has the highest green percentage (43.38%) and the least pavement
percentage (56.62%), which means less impermeability and more infiltration. However, as it is the lowest pointin
Enschede, it still observes flooding due to the large volume of surface runoff flows. From the survey, the leading
cause of the flooding is poor drainage structure and lack of maintenance of drains. According to Climate Impact
Atlas, the whole area of Twekkelerveld has less probability of having groundwater nuisance in the future due to
low groundwater level, so there is a minimum chance of having flood because of groundwater level. The residents
of Twekkelerveld also havea “far from mybed lifestyle.” meaning thatthey have less awareness, ability, and interest
in the action against flooding at the resident level. Therefore, people here are willing to pay the average amount of
tax mentioned for NbS at the neighborhood level. Since Twekkelerveld is more vulnerable to flood, residents are
motivated to participate in some NbS planned in the neighborhood level for the future. However, due to their
lifestyle, they are highly supportive. Hence, the factor of motivation to participate in such planning should be easy
and efficient. Since mostof the people here have experienced a flood, the preferences of NbS in residence atre
mainly for flood prevention. So, they are willing to adopt all kinds of measures, especially those that are relatively
cheap and easy to maintain, like rain barrels and vegetable gardens.

5.2. Influence of NbSin Adaptive Capacity ofurban flood

The urban flood in Enschede is mainly affected by precipitation, high imperviousness, and less water infiltration.
The external factors like precipitation cannotbe controlled, but the aspect of imperviousness and drainage capacity
can be improved. For this, NbS is the best way for sustainable stormwater management. As mentioned in the
previous section, the integration of NbS varies with the context of each neighborhood.

The adaptive capacity of the neighborhood is explored, considering various determinants related to NbS and other
socio-economic factors that affect the adaptation of urban floods measured by ACI. According to ACI, Lasonder-
Zeggelt scores highest,and Stevenfenne scores lowestto be the neighborhood mostand leastadaptive to the urban
flood considering NbS as the drainage infrastructure.

The application of NbS for adaptation and to influence the adaptive capacity for urban flood depends on various
factors also discussed in the earlier section, like the severity of the flood and the lifestyle of the residents of the
neighborhood. From the research, itis clear that it depends on the purpose and scale of its application, drivers of
the application of NbS, and interactions between these drivers. The influence of NbS on adaptive capacity is
explored by comparing the ACI component scores and indicator scores related to NbS among the least and high
adaptive neighborhoods, i.e., Stevenfenn and Lasonder-Zeggelt.

5.21. Influence of NbS in Adaptive Capacity of urban flood in Lasonder-Zeggelt

In Lasonder-Zeggelt, the scale of application of NbS in household and neighborhood levels is impressive
compared to other study areas. According to the survey, many people have integrated NbSin their houses and
neighborhood. One example would be currently being refurbished Molenstraat that will have many NbS like
greener, wadi, water passing pavement, etc. Hence, it scores highest for the indicator of drainage infrastructure by
NbS among the neighborhoods but still does not affect adaptive capacity. As mentioned in the earlier section, the
purpose of NbS application is more for attractiveness, so scores the lowest for the indicator of efficiency for flood
prevention which affects the overall score of the component of “infrastructural capacity,” which does not affect
the adaptive capacity.
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Climate, active citizens with good socioeconomic status, prefer to adopt more NbS and are willing to pay the
highest amount of tax; hence scores the highest for the “willingness to adapt” component. However, it does not
affect adaptive capacity.

NbS projects with public and private collaboration like community initiatives like “constructing fagade gardens”
in Lasonder led by resident Lammie Pruntel with the help of institutions like Groene loper Enschede, part of
municipality helps to boost NbS more in the neighborhood. Here, people have received assistance as well. Hence
also scores highest for “institutional capacity” among the neighborhoods, butit still does notaffect the adaptive

capacity.

5.2.2. Influence of NbS in Adaptive Capacity of urban flood in Stevenfenne

Among three study areas, Stevenfenne has low NbS in household and neighborhood, so scores less showing a
slightly negative effect on adaptive capacity. In contrast, the purpose of the application of NbS here is concerned
more with flood prevention. Hence, the indicator of the efficiency of drainage infrastructure scores highest among
the study areas and has a slight positive effect on adaptive capacity. Overall, the component of infrastructural
capacity scores good but does not affect the adaptive capacity.

Residents here have the slightest preference to adopt NbS and willingness to pay, so the component of “willing to
adapt” shows a slightly negative effect on adaptive capacity.

The “institutional Capacity” component also scores least and slightly negatively affects adaptive capacity as people
have not received enough institutional assistance to adopt NbS. Also, there is not much public-private
collaboration for NbS.

Hence, in the adaptive capacity wheel of all neighborhoods, all the components related to the integration of NbS
have no effect on adaptive capacity except in Stevenfenne, where the element of “willingness to adapt” is seen to
have a slight negative impact on adaptive capacity. Similarly, few of the indicators in Stevenfene have a negative
effect on adaptive capacity. Lasonder-Zeggelt scores better among other neighborhoods for more NbS and the
potential to adopt more for flood adaptation, but it still does notaffect AC. So, according to the research for the
significantinfluence in the adaptive capacity, there should be a remarkableincrease in the number of effective NbS
integration, willingness to adapt, and good institutional interaction to promote NbS. Therefore, the NbS can buld
the adaptive capacity of neighborhoods for flood, but the integration of NbS should be significant as other factors
affect the adaptive ability. But, saying that having more NbS can also have some disservices, reducing adaptive
capacity like safety issues, social segregation, etc.

5.2.3. Relation of Adaptive Capacity and benefits of NbS

When people are aware of synergies of NbS, people will prefer more NbS as the adaptive measure, and it seems
to be true. Stevenfenne ranks least in ACI; people perceive fewer benefits of NbS compared to other
neighborhoods. This kind of direct relation of higher the perceived benefits higher the adaptive capacity must be
because when people know about the benefits of NbS, they are more willing to adoptit more in their household,
which helps further develop the adaptive capacity. Also, people like solutions that have multi-functions, so if they
know about more benefits of a particular NbS, people will prefer it more and be willing to adopt it more.
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6. CONCLUSION

The primary purpose of this study is to recognize the local adaptation of urban flood of neighborhoods. So, it
revolves around the climate stimuli: urban flood, its adaptation by NbS, and the adaptation evaluation by assessing
the selected neighborhoods' adaptive capacity. The key findings of the research were concluded in the context of
the sub-research objectives.

In analyzing the residents’ perception regarding urban flood the responses of all the neighborhoods were
compared. The study reveals that the urban flood and its concern directly corresponds to the level of exposure to
the flood. All neighborhoods have experienced flood at different level, people of Lasonder-Zeggelt and
Stevenfenne believe the cause to be high ground water level and people of Twekkelerveld believe the cause to be
poor drainage structure. Causes vary not just because of the physical conditions like location and existing
conditions butalso because of the social contextof the studyareas. Mostpeople exposed to flood and less prepared
for flooding are vulnerable, like thosein the neighborhood of Stevenfenne. Whereas, Twekkelerveld has the highest

petcentage of green but due to its location and poor maintenance faces flooding.

NbS is generally not opted for flood prevention. More people are concerned with maintaining the drain and other
physical interventions. The neighborhood less impacted by flood see NbS for attractiveness, but areas that have
experience more flood see its potential for flood prevention and prefer efficient flood prevention. People are
willing to pay more for the NbS that they lack in their neighborhood.

From the evaluation of adaptation, it was realized that for NbS helps to build adaptive capacity but along with
integration of NbS S in household and neighborhood scale there should also be good public and private
collaboration among institutions to promote it in different scale. Further, the research also reveals that people,
when are more aware of all the other benefits of NbS, are more adaptive to the flood.

6.1. Recommendations and way forward

The research studies the relation of NbS and its role in building the adaptive capacity of the neighborhood in the
contextof Enschede Municipality. The study shows that the neighborhood mostvulnerable to flood is less adaptive
to flood. Also, one of the remarkable things discovered in the study is that there are still many households without
any NbS. Hence, there is much possibility to improve flood prevention by scaling up the NbS in households. The
municipality needs to focus on the ability and willingness of residents to adopt NbS and develop adaptation
strategies according to it for effective adaptation.

With the research findings, further studies can be done on the possible NbS measures applied to the study areas
and how it might help mitigate urban floods. NbS, as a blue-green infrastructure, provides many ecosystem
services, which can also be quantified to understand if the ecosystem service supply by NbS meets ecosystem
service demand and its relation with the adaptive capacity of the neighborhoods.

This analysis substantively does notaddress the policy and decision-making processes thatdeal with the conditions
that can alter adaptive capacity. It is assumed that the output of indications of the relative adaptive capacity will
applyin policy and decision-making byidentifying the neighborhood with the mostsignificant vulnerability orleast
adaptive capacity.
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6.2. Limitations

There are some limitations in the chosen methodology for the calculation of adaptive capacity index (ACI). The
research would have been better if a focus group discussion or an interview with the experts could be conducted
to rank the indicators and determine the weights to make the adaptive capacity study. However, selecting indicators
to measure indicators is not standardized and there is no outcome measure against which researchers can validate
their results. Similatly, there is the uncertainty of whether an upgrade in the indicator outcomes has positive or
negative effects on adaptive capacity. Meanwhile, the weights are not assigned to any of the indicators or
components. Here, the study assumes the elements have equal importance in building adaptive capacity which
might not give an accurate picture by under or over-representing some indicators.

Furthermore, limitations faced during data collection were technical issues which made the respondent leave in the
middle of the survey. However, from the respondent's feedback, that issue was dealt with soon. Also, there was a
language barrier to conduct the study. Since I am not a native Dutch translation was needed and this has meant
some delays and possible mis-communication about concepts and some ongoinglocal projects.
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APPENDICES

Appendix 1: Flyer for an invitation to participate in the survey in English

INVITATION TO PARH[IP [ IN A STUDY ABOUT IHE USE OF GREEN AND

IN LASONDER ZEGGEL
SADICHCHHA SHRESTHA, MSC STUDENT AT UNTV OF TWENTE.
WOU D YOU LI K[ T0 HELP METQ FINALISE MY R[S[AK(H TH[SIS
ON
“GREEN AND BLUE SOLUTTONS TO FLOODING IN THE LASONDER TEGGELT
NELGHBORHOOD

fOU JUST HAVE TO FILLIN THE ONLINE SURVEY FORM. THIS WILL TAKE ABOUT
10 70 15 MINUTES.

GET THE CHANCE TO WIN GLET CARD WORTH
HH 04
[

DILLE EN KAMILLE BY FILLING UP
SIMPLE AND FUN FORM TILL 30TH

T H [ Cadeaukaart - Carte cadeau
D
|

OTH APRIL Yo

e

| o W Ed)ﬂ@}\r\&\ft?w

B
L 8 i
&\ _/ 8

PARTICIPA HNTHESURV[YUS NG
LINK: HTTPS: //APP MAPTIONNATRE.COM/EN/10002/
O
SCANNING THE QR-CODE

10 LUCKY PARTICIPANTS EROM THE SURVEY CAN GET TO CHOOSE € 25 WORTH GREEN
GIFT FROM GIFT VOUCHER WHICH WILL BE RAFFLED ON LST MAY,
THANK YOU!

FOR MORE INFQ PLEASE CONTACT WITH
S SHRESTHA- @S UD NT.UTWENTE NI
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Appendix 2: Flyer for an invitation to participate in the survey in Dutch

ONDERIOEK NAAR DE TOEPASSING VAN NATUUR EN WATER IN
LASONDER ZEGGELT

SADLCHCHHA SHRESTHA, MSC STUDENT AAN UNTV ELT TWENTL.
W L JE MIJ HHP[N MET HET AFRONDEN VAN MIJN PKO[ S[HR il
OVER

"GROCNE EN BLAUWE OPLOSSINGEN VOOR WATERQVERLAST IN DE WITK LASONDER

Z[ECHT"
JEHOELET ALLEEN MAAR HET ONLINE ENQUETEFORMULLER IN TE VULLEN. DIT
DUURT ONGEV RIUTOH‘) MINUTEN.

FORMULIER TN VOOR 30 APRIL N
MAKKAN 07 HN[ADAUBONLW,H
2_5 e VAN Cadeaukaart - Carte cadeau
DILLE EN KAMILLE Nsipsgl i

NEEM DEEL AAN DE ENQUETE MLT
LINK: HTTPS://APP MAPTIONNATRE COM/EN/10002/
0F
SCAN DE QR-CODE

ONDER DE DEELNEMERS VERLOOT IK 10 GROENE CADEAUBONNEN OP L MEL.
EN DE WINNAAR ONTVANGT HET VIA E-MATL OF POST.

HARTELITK DANK!

VOOR MEER INFO NEEM CONTACT QP MET
5. 50k [S\H 3OSTUDENT UTWENTE. NI

CRO[N & BLAUW LASONDER JEGGELT
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Appendix 3: Maptionnaire Survey form

Adaptive capacity of
Household to Flood (Lasonder-
Zeggelt)

This questionnaire is performed by an MSc student {Sadichchha Shrestha) of the Urban
Planning and Management program at the Faculty of Geo-information and Earth Observation
(ITC), University of Twente to complete her thesis to graduate. This research data is for
academic purposes only under the supervision of Dr. F. A. Girgin (f.atungirgin@utwente.nl), Prof.
dr. R. W, Sliuzas (rsliuzas@utwente.nl) and Lies Rubingh {Communication advisor Climate
Adaptation, Municipality of Enschede). The data collected will be anonymous and will be
treated as very confidential. The participant has the right to withdraw his / her data at any time
if so deemed and here attached is the informed consent, where you can deny filling it up at the
very beginning if you do not feel comfortable.

For a little motivation, few 10 lucky residents to respond can win € 25 worth of gift vouchers
which will be raffled on 1st of May and will be informed through mail address or the postal
address if mentioned.

The questionnaire is about green (vegetation) and blue (water) space in your household and
neighborhood. It will take approximately 10-15 minutes. * Please note that you can choose your
preferred language (English or Dutch) below.

Thank you in advance for vour help and feel free to contact Sadichchha Shrestha if yvou have any
comments or questions in (s.shrestha-3@student.utwente.nl) or +31633016587.

MNederlands

¥

2 |Informed consent

| consent voluntarily to be a participant in this study and understand that
| can refuse to answer questions and | can withdraw from the study at
any time, without having to give a reason.

OYes
®No

| have accurately read the information sheet, | freely consent to proceed
with the survey.

OYes
®No

Contact Information for Questions about Your Rights as a ®
Research Participant
If you have questions about your rights as a research participant, or wish
to obtain information, ask questions, or discuss any concerns about this
study with someane other than the researcher(s), please contact the
Secretary of the Ethics Committee of the Faculty of Geo-Information
Science and Earth Observation: ec-itc@utwente.n!

:
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2 Lasonder Zeggelt
1.1 How long have you been living in Lasonder-Zeggelt?
OlLess than 5 years
O5-10years

®More than 10 years

1.2 Have you ever experienced flooding in Lasonder-Zeggelt?

OYes
ONo
®Don't know

(Image: https://www.rtvoost.nl/nieuws/227509/Enschede-en-waterschap-besparen)

by

2 Flooding

2.11fyes, Where? Can you name the street
or area flooded, or can you show it in the
map?

Flooded area (You can mark more than o
one location by clicking on this box)

2.2 When it rains heavily which place gets
flooded most in and around the house?

[¥our home or basement
[Your garden

[Your street

JParking lot
CPlayground

B Don't know

If other, Please specify

2.3 Did the flooding have significant
financial impact like expenditure due to
repairing?

Omore than € 400
O€200-€400
O€100-€200
Oless than € 100
O€0

®@Don't know

2.4 What do you think can be the cause of
flood in Lasonder-Zeggelt? (Selection of
more than one response is possible)

[ Excessive rain

CJlInadequate green spaces

[JPoor drainage structure
CImpermeability (hardening of soil surface)
[JHigh ground water level

B Don't know

If other, Please specify.

2.5 Do you personally take any action to
reduce the effect of flooding in your living
area or house?

OYes
CNo
®Don't know

2.6 If yes, What do you do?

O Point downspouts away from house
O Install foundation vents or sump pumps

C'Install green and blue measures (like rain barrel,
green roof, vegetable garden, etc)

O nstall water sensors or flood detection systems
O Regularly clear debris from drains and ditches
®Don't know

If other, please specify.




(5. Water-passing pavement @ § (Image:
https://www.urbangreenbluegrids.com/measures/porous-paving-materials/)

2 Green and Blue Measures by
Residents

Green {vegetation) and Blue (water) measures like ponds, parks, wadis, wetlands,
green roof also helps a lot in storm water management like the drainage system. The
following questions are to understand your views regarding it. You may be tenant but
you can answer what the owner of the house could do in the house you are living in.

Effectiveness of Flood Prevention by mentioned measures @
below

(@ low, @ @moderate, @ @ dhish)

3.1 Do you have any of these features in your house ?(Selection of
more than one response is possible)

1. Facade garden ‘ (Image: Groene Loper Enschede, n.d.,

[J2.Rain Barrel ‘ (Image: https://www.eco-business.com/news/rainwater-harvesting-
could-save-australia-billions/

3.2What

benefits do

you think the

photographed

green and Air Traffic Temperature
blue N . noise regulation
measures in P reduction (cooling)
house provide

apart from

flood

prevention?

Visually

attractive Biotne

1.Facade
Garden

2.RainBarrel [m] m] (] O O

3. Green Roof (] m}

4. Vegetable =] 0 =] O O
Garden

5. Water
Passing (m] ] (m] (] O

Pavement

3.3What

disadvantages do

you think the Hardto

photographed Safety maintain Expensive No

green and blue issues (time maintenance disadvantage
measures would consuming)

have if adapted in

house?

1. Facade Garden Q o]

2.RainBarrel o o]

[J4.Vegetable Garden ‘ (Image: https://decorloving.com/backyard-vegetable- 3.Green Roof
garden-design-ideas/)
3 35

4. Vegetable o A - o
e O O

5. Water Passing
Pavement

le)
~
~
le)

3.4 Would you prefer to adopt any of the above mentioned measures
in your house to prevent flooding ?

®Yes
’No
on't know

3.5 If yes, which one would you prefer to adopt? (Selection of more
than one response is possible)

B 1. Facade garden §

[J2.Rain Barrel &

3. Green roof §

D4, Vegetable Garden §

(5. Water-passing pavement §




02.Trees and Plants § & § (https: dberk.be/projects

3.6 If no, what would motivate you to adopt these measures ?
(Selection of more than one response is possible)

®Subsidies and financial assistance
O Technical assistance
O Community initiative

If other, Please specify.

03.Wadi § & (Images:

https://www.urbangreenbluegrids.com/measures/bioswales/)

2 Green and Blue Measures by =3 siing
Municipality

When it rains heavily, a number of streets in Lasonder-Zeggelt are flooded, particularly
around Zeggelt. The municipality is working on refurbishing Molenstraat with more
green which will help to prevent flooding with other benefits.

04.Rainwater Pond § 6 &
(https://www.urbangreenbluegrids.com/measures/rainwater-ponds/)

Image: https://centrumkwadraat.nl/molenstraat-enschede/

4.1 Were you aware of the Green/Blue measures planned by
Municipality to prevent flooding like "Refurbishment of Molenstraat"
or "Green Blue Enschede" website ?

OYes
ONo
@®Don't know

4.2 Do you think measures like more green in Molenstraat will help to
prevent flooding in your neighborhood?

OYes
ONo
®Don't know

Effectiveness of Flood Mitigation by mentioned measures below @

(@ low, @ @moderate, @ @ @high)

4.3 Some of the widely introduced green and blue measures in
neighborhood scale are mentioned below. Which do you see in your
neighborhood?(Selection of more than one response is possible)

O1.Urban waterways @ @ (Image:
http://landezine.com/index.php/2011/06/roombeek)

If other, Please specify
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4.4 What

benefits do

you think the

photographed

green and Air Traffic Temperature
blue . . noise regulation
measures in hibeiioy reduction {cooling)
neighborhood

provide apart

from flood

prevention?

Visually

1. Urban
waterways

2.Trees and
Plants L ® L L

3. Wadis [m] [m] (] [m]

4. Rainwater
Pond L L L L

5. Water
passing ] o (] (]
pavement

4.5 What

disadvantages do you

think the oorery Hard to Risein No

photographed green . P property
issues maintain q

and blue measures price

would have if adapted

in house?

1. Urban waterways

[m]
2.Trees and Plants m}
3. Wadi o

O

0O 0 oo
0O 0 0o o
0O 0 oo

4. Rainwater Pond

5. Water passing S| S| O
pavement

[}

4.6 Which measures do you want to see more in the neighborhood?

(Selection of more than one response is possible)

1. Urban waterways § &
[J2.Treesand Plants § & &

3. Wadi §H &

4. Rainwater Pond § & &

5. Water passing pavement “
E4.Don't know

4,7 What is your main reason to choose preferred measure in the
previous question?

O Currently lacking in my neighborhood
O Visually attractive

O Effective in flood prevention/mitigation
®Don't know

<«

2 Mostly visited
Green/Blue Spaces in
Lasonder-Zeggelt

5.1 Can you write the name of the green/blue
space in the neighborhood you visit the most
OR show it in the map?

Green / Blue Spaces you visit the most O
{You can mark more than one location by
clicking on this box)

«

attractive

disadvantage

Bio

2 |Institutions

6.1 Have you ever participated or involved in these kind of green and
blue measures plans of municipality?

OYes
o
®Don't know

Image: (Waterhuishouding & Waterbouw, 2015)

6.2 If yes, how were you involved?

Oinformed (by eg. information meeting, leaflets and newsletters on plan draft)
Cconsulted (by the municipality through surveys, written statements/consultation)

Osuggested/ discussed issues/ objectives from an early stage on (eg. round tables,
planning charrettes)

If other, Please specify

6.3 If no, why couldn't you participate or involve?

Onot informed

[Clack of time for participation

Olack of motivation

[Otoo many programs with same objective
Onot interested

6.4"Zo Groen" campaign helps citizens to green their house and street
with financial as well as technical assistance from the City Council.
Will you be willing to coordinate with your neighbors to start the
campaign ?

OYes
@No

6.5 If no, what can be the motivation to start the initiative?

(O Easy communication for information flow

O Less time consuming procedure

O Assurance of financial and technical assistance
@®Don't know

If other, Please specify.

How effective do you think it is to have participation of the local
residents in such green and blue projects ?

not effective —.— very effective

<«
2 Willingness to adapt

7.1 Torealize green and blue space in Enschede, money is needed. How
much would you be willing to pay for new green and blue space via
municipal taxes? The amount is the additional tax per household per
year, so it comes on top of current municipal taxes.

O€0: no investments and no new measures for green and blue space

Oless than € 10 : only investments for small measures such as vegetated strips at street
level

(O€10-€20:reasonable investments for measures at street and neighborhood level
(D€ 20 - €30 : reasonable investments for measures at street and neighborhood level
Omore than €30: large investments for measures at all levels, street, neighborhood
®Don't know

7.2 1f answer is € 0: What is the main reason that you are not willing to
pay?

Olt is not worth my money
O1do not think it is important enough/ it has no priority for municipal investments

If other, please specify:

«
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2 Basic Information

In this section the personal information about the respondent is collected. This
information will be confidential according to the privacy regulations of GDPR. The
response will be anonymized if necessary.

8.1 Address (Post code) (Eg: 7514 AD)

8.2 Age 16-25 26-45 46-65 &6 or older

({Choose your age ~
group)

8.3 Gender

COMale
OFemale
OOther

8.4 Ownership of the place of living

O Owner
O Tenant
OHousing Company

8.5 What is your household income? Modal: gross €22,000 to 24,000
per year

®Below modal

C5ame as modal

O About 1.5 times modal
O About 2 times modal

OMore than 2 times modal

8.6 What is your highest completed education level?

O Mo completed education

CElementary School

O High School

O Middle - level applied education (MBQ in Dutch)
CHigher Professional education {HBO in Dutch)
® University (WO in Dutch)

Email address (not mandatory, only if you are interested for the
participation in raffle of gift voucher)

Postal address (not mandatory, only if you are interested for the
participation in raffle of gift voucher)

00
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Appendix 4:Image taken during field work
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Appendix 5: Images taken during the interview
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