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A B S T R A C T

Rising damages from hazard events have led to calls for innovative research on resilience. Consistent integration
of mitigation policies throughout a community’s network of plans is increasingly seen as essential for effective
resilience planning. To better understand coordination and conflicts in policy responses to flood hazards, this
study evaluates a district in the city of Rotterdam, the Netherlands, using the Plan Integration for Resilience
Scorecard method. An internationally recognized leader in resilience and water management, Rotterdam is
nevertheless vulnerable to flooding, especially in a changing climate. Findings demonstrate that even a place as
proactive in resilience policy as Rotterdam can benefit from the perspective gained using the scorecard tech-
nique. Although resilience is generally supported throughout the study area, conflicts remain. The scorecard
reveals inconsistencies and opportunities to further reduce flood vulnerability by ‘mainstreaming’ resilience
policies in the most influential plans.

1. Introduction

Damages and costs associated with flood events are mounting as a
result of a changing climate, an increasingly urbanized and coastal
populace, and local land use and development decisions (Kousky, 2014;
Moser et al., 2014). National and international governmental organi-
zations have responded with calls for research and implementation of
climate change mitigation, adaptation, and resilience-building mea-
sures (Intergovernmental Panel on Climate Change [IPCC], 2014). In
2012, the United States National Research Council (NRC) re-
commended development of a “resilience scorecard” to help commu-
nities “track their progress toward resiliency” (NRC, 2012, p. 12). As
part of the 2015 Sendai Framework, the United Nations (UN) declared
that consistent integration of hazard mitigation policies is critical to
effecting resilience, and that the failure of many communities to do so is
a critical international concern (United Nations General Assembly,
2015).

Berke et al. (2015) developed and tested a resilience scorecard that
focuses on the integration and responsiveness of a community’s network
of plans vis-à-vis physical and social vulnerability and coastal flooding
hazards in the United States. Communities often adopt multiple plans
(which together constitute a ‘network’) that guide future development

patterns, including in hazardous areas. A network of plans frequently
includes a master plan (also referred to as a comprehensive plan or a
general plan), which serves as the community’s primary guiding and
coordinating policy document (Berke et al., 2006; Kim and Rowe,
2013). It may also include plans that focus on a particular sector of the
urban system such as land use, housing, or transportation. With in-
creasing frequency, communities are also preparing and adopting ha-
zard mitigation plans and/or climate change adaptation plans in an-
ticipation of future risks (Klein et al., 2005; Woodruff and Stults, 2016).

The Plan Integration for Resilience Scorecard (formerly known as the
resilience scorecard) enables the spatial evaluation of community net-
work of plan documents, giving planners and decision-makers a new
perspective regarding the coordination and efficacy of their policy re-
sponses to coastal flooding (Berke et al., 2015). The development of this
method is an important step toward answering the calls of the NRC and
UN for greater resilience and plan coordination—goals long advocated
by hazard planning specialists (Godschalk et al., 1998a,b). Plan In-
tegration for Resilience Scorecards offer planners and researchers a new
way to simultaneously evaluate community vulnerability, policy re-
sponse, and plan integration. Areas of the community demonstrating
vulnerability–policy discrepancies or inter-plan conflict can be targeted
by policymakers.
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By way of expanding and validating that approach, this study ap-
plies the Plan Integration for Resilience Scorecard methodology in an
international setting, specifically to a relatively vulnerable district in
the port city of Rotterdam, the Netherlands. While an internationally
acknowledged leader in flood safety (Ward et al., 2013), Rotterdam is
nevertheless highly exposed to flood hazards, particularly as climate
change begins to alter patterns of precipitation and glacial melt (City of
Rotterdam, 2013; IPCC, 2014). The city has also produced multiple
spatial plans, including the pioneering Rotterdam Climate Change
Adaptation Strategy (Rotterdamse Adaptatiestrategie), making it a sui-
table candidate for the novel perspective offered by the Plan Integration
for Resilience Scorecard technique.

Although contextual differences necessitate slight modifications, the
core evaluation process and measurements of integration are retained,
thus providing support for the generalizability and utility of the Plan
Integration for Resilience Scorecard analytical method beyond the
United States. Furthermore, application of the scorecard analysis in the
Netherlands allows a nuanced exploration of the ways natural hazard
planning and governance affect plan quality and efficacy, adding to the
important and growing body of knowledge on this subject (cf. Berke,
1996; Burby et al., 1997; Brody, 2003; Ward et al., 2013).

The next section provides a brief literature review to situate this
study within the evolving hazard resilience and plan integration dis-
courses. Contextual information will then be presented regarding the
Dutch traditions of flood risk management and land use planning, fol-
lowed by an introduction to the study area and its network of plans. The
Plan Integration for Resilience Scorecard method, as generalized and
applied in the Netherlands, will then be described. The paper concludes
with a discussion of research findings, potential implications, and
considerations for this and future research.

2. Literature review

Despite its recent popularity, the concept of resilience has been cri-
ticized for being ambiguous and difficult to operationalize (Klein et al.,
2003; Alexander, 2013). Authoritative publications now define the
term relatively consistently, if abstractly, as “[t]he capacity of social,
economic, and environmental systems to cope with a hazardous event
or trend or disturbance, responding or reorganizing in ways that
maintain their essential function, identity, and structure, while also
maintaining the capacity for adaptation, learning, and transformation”
(IPCC, 2014, p. 5).

A resilience approach to urban planning relies on a more straight-
forward and pragmatic interpretation, derived primarily from the field
of hazard mitigation (Berke and Stevens, 2016). Godschalk et al.
(1998a) were among the first to describe, succinctly and in practical
terms, what it means to be a resilient community. Resilient places have
infrastructure that can continue to function during and after a hazard
event; critical facilities and residential communities located away from
the most hazardous areas; building standards based on actual hazard
risk; and a natural environment prized and protected for the ecosystem
services it provides, such as flood attenuation (Godschalk et al., 1998a;
Berke and Stevens, 2016). Social factors, such as income and education,
have also been shown to affect community capacity and response to
hazards (Van Zandt et al., 2012).

Achieving and maintaining resilience is contingent, in large part, on
a community’s ability to coordinate the plans and policies that guide its
growth. Current research suggests that resilience can be affected by
policies located anywhere in a plan network, including in documents
seemingly unrelated to hazards (Berke et al., 2015; Kashem et al.,
2016). Strong integration throughout the entire network of plans, in-
cluding those not focused on hazards, is a critical part of building
community resilience (Fidelman et al., 2013). Research has also shown
that communities that plan for hazard mitigation through proactive
land use policies are more resilient (Burby et al., 1997; Kim and Rowe,
2013).

Unfortunately, integrative hazard planning is currently the excep-
tion, rather than the rule, in many communities around the world
(Burby et al., 1999; Macintosh, 2013). Policy coordination has often
been included as part of the broader discussion of plan evaluation
(Alexander and Faludi, 1989; Baer, 1997; Hopkins, 2001; Berke and
Godschalk, 2009), but has only recently become the subject of more
focused investigations (Woltjer and Al, 2007; Di Gregorio et al., 2017);
the specter of climate change has increased the sense of urgency re-
garding the integration of mitigation and resilience policies and ac-
tions—often referred to as ‘mainstreaming’ (Klein et al., 2005; IPCC,
2014).

Recognizing the challenges communities face as they attempt to
integrate multiple plans (which are often produced in isolation), plan-
ning researchers have developed new approaches and tools for plan
assessment and coordination. Finn et al. (2007) introduced an ‘in-
formation system of plans’ (ISoP) to help integrate community plans,
regulations, and resource data through a GIS-linked online database.
They geocoded policies and actions containing spatial attributes in a
GIS, allowing more focused comparisons, easier access to information,
and detection of gaps and conflicts in plans. Finn et al. were correct to
recognize the potential of using the spatial aspect of plans and policies
to aid decision-making, though their approach is focused almost ex-
clusively on project-level deliberations and requires significant time
and technological inputs.

Berke et al. (2015) responded more directly to the problems that
plan conflicts pose to community resilience with their ‘resilience scor-
ecard’. By assessing community plans and measures of vulnerability at
the planning district scale, the resilience scorecard method helps
identify incongruities within a community’s network of plans and with
respect to areas of vulnerability. The scorecard allows planners and
decision-makers to better focus their efforts on areas of greatest need
and keep track of their progress toward integration and resilience goals.
The authors tested their method by applying it to the small, vulnerable
community of Washington (2015 population estimate: 9788), located in
coastal North Carolina. Although their initial proof-of-concept was
successful, the authors did not explore the method further (or test it)
with respect to generalizability, explanatory power, or utility for praxis.
Still, the resilience scorecard method holds great potential for advan-
cing planning practice and the scientific understanding of community
resilience by allowing planners to more effectively recognize areas of
policy discord, ‘hot spots’ of vulnerability, and their spatial associa-
tions.

The primary goal of this paper is to test the generalizability of the
Plan Integration for Resilience Scorecard1 and its methodological value
in a dissimilar planning and policy context. To that end, we have se-
lected a somewhat extreme example: Feijenoord District in Rotterdam,
the Netherlands. Like Washington (North Carolina), Feijenoord is river-
adjacent and is relatively vulnerable. Unlike Washington, Feijenoord is
a densely populated urban district, located in a city and country famous
for advanced planning and flood risk management. Successful appli-
cation of the Plan Integration for Resilience Scorecard method in Fei-
jenoord, with its dramatically different governance and hazard cir-
cumstances, will provide evidence for the external validity of Berke
et al.’s method.

1 Renamed so as to differentiate it from the multiplicity of ‘resilience scorecards’ in
existence worldwide – e.g. Disaster Resilience Scorecard for Cities (United Nations Office
for Disaster Risk Reduction, 2015), Community Disaster Resilience Scorecard (Torrens
Resilience Institute, 2015), Resilient Communities Scorecard (Vermont Natural Resources
Council, 2013) – which approach the concept of resilience more generally. The Plan In-
tegration for Resilience Scorecard method is focused on the integration, or lack thereof, in
a community’s network of plans and its relationship to community vulnerability and
resilience.
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3. Context: Planning in the Netherlands

3.1. Flood risk management & networks of plans

Flood risk management has existed for centuries in the Netherlands
and relatively strict land use planning regulation is generally accepted
as a social good, integral to the maintenance of safety and a high
standard of living (Van der Valk, 2002; Wiering and Winnubst, 2017).
Despite their relative sophistication, however, flood risk management
and local planning practice in the Netherlands developed in separate
silos, which have only recently begun to integrate (Woltjer and Al,
2007; Neuvel and van den Brink, 2009).

In many ways, the advanced state of Dutch flood risk management is
a consequence of the country’s long and complicated history with water
(Wiering and Winnubst, 2017). The Dutch were draining wetlands for
agricultural purposes at least as far back as the 11th century, and
protecting this investment has required significant and continuous en-
gineering and planning efforts ever since (Wesselink, 2007). Still, with
60% of its surface area of 34,000 km2 located below sea level and/or
adjacent to water (Van Alphen, 2016), the Netherlands is one of the
most exposed countries in the world with respect to coastal and riverine
flooding, especially in an era of increasing climatic uncertainty (City of
Rotterdam, 2013); approximately two-thirds of the country’s popula-
tion lives below sea level (PBL Netherlands Environmental Assessment
Agency PBL, 2010). The Netherlands also has a troubled history of
floods, including an epic 1953 event that devastated the country’s
southwest and precipitated the modern era of Dutch water manage-
ment, in which flood risk is a fundamental driver of policymaking
(Jonkman et al., 2008; Correljé and Broekhans, 2015).

Today the small, densely populated nation of 16.8 million in-
habitants (500 persons/km2) (2014 values; Centraal Bureau voor de
Statistiek [CBS], 2016) is world-renowned for its advanced spatial
planning and flood risk management (Ward et al., 2013). Since the
second half of the 20th century, flood prevention has been the primary
policy target of Dutch national water management. However, projected
changes in climate and land use threaten to upset this delicate balance,
and the official ‘resistance’ strategy of attempting to prevent all
flooding has begun to give way to a more flexible ‘resilience’ approach,
which seeks to minimize the consequences of flooding (Klijn et al.,
2004; Van Buuren et al., 2016) as part of a multi-layer water safety
approach (Kaufmann et al., 2016). The full scope of effects of this policy
shift is presently unknown, as multi-layer safety has yet to be im-
plemented beyond several initial pilot projects (Stichting Toegepast
Onderzoek Waterbeheer STOWA, 2014; Van Buuren et al., 2015).

Comprehensiveness and integration of land use planning are viewed
as paramount in Dutch planning (Nadin and Stead, 2008; Buitelaar and
Sorel, 2010). Consistency in decision-making between the three tiers of
government is formally regulated, to be achieved through required
communications aimed at consensus-building and mutual adjustment of
planning proposals (Van der Valk, 2002). Planning and building reg-
ulations in the Netherlands are centrally authorized, but powers are
distributed among various administrative bodies working at multiple
scales (Hobma and Jong, 2016). The country’s 12 provinces and 390
municipalities share spatial planning obligations, with the latter re-
sponsible for approving and enforcing the land use plan (bestemmings-
plan), a fundamental neighborhood-scale document that simultaneously
regulates planning and acts as a vision statement and development
guide (Hobma and Jong, 2016). Municipalities are required to have up-
to-date land use plans for their entire territory, and to follow a stan-
dardized national format (Needham, 2005) which requires acknowl-
edgement of all related plans and policies, contributing (in theory) to a
well-integrated network of plans.

Twenty-one regional Water Authorities, which possess regulatory
and taxing powers, plan and manage the country’s complex relationship

with water; each produces a water plan (waterplan) that addresses water
quantity, quality, and safety issues (Hobma and Jong, 2016). Although
spatial planning and flood risk management developed separately in the
Netherlands, with local decision-makers and regional Water Authorities
pursuing their own independent policies, concerns about drainage have
led to mandated collaboration (Woltjer and Al, 2007; Neuvel and van
den Brink, 2009). The now-standard ‘water assessment’ (watertoets)
legally binds land use and water planning by requiring municipalities to
“consult with Water Authorities where the preparation of land-use
plans is concerned” (Hobma and Jong, 2016, p. 8). Thus, flood-hazard-
related policies are found today in many parts of a Dutch community’s
network of plans.

The relatively recent acknowledgement of spatial planning as an
instrument to reduce flood consequences in the Netherlands (Neuvel
and van den Brink, 2009) suggests, however, that even in a country
labeled ‘a planner’s paradise’ (Faludi and van der Valk, 1994; Roodbol-
Mekkes et al., 2012), the coordination and efficacy of policy responses
to flood hazards may not be self-evident. Runhaar et al. (2012) indicate
that Dutch planners find climate change and related adaptation mea-
sures challenging to confront due to deficiencies in knowledge, re-
sources, and urgency, as well as unclear legal obligations in unembanked
areas (which are located outside the city’s protective dike system; see
Section 3.2). This applies to Rotterdam as well, despite the city’s re-
cently elevated international profile as a leader in water manage-
ment—a consequence of its ambitious ‘Climate Proof’ program
(Runhaar et al., 2012; City of Rotterdam, 2013). Therefore, applying
the Plan Integration for Resilience Scorecard method in the City of
Rotterdam is important both in terms of testing the method’s general-
izability and as a new perspective on plan integration and responsive-
ness as Rotterdam adjusts to new planning and water management
challenges.

3.2. Study area: Feijenoord District, Rotterdam, the Netherlands

The Plan Integration for Resilience Scorecard is applied in the dis-
trict (wijk) of Feijenoord, located south of the Nieuwe Maas River in
central Rotterdam, the second largest city in the Netherlands (2016
population: 616,260 [dataset Centraal Bureau voor de Statistiek CBS,
2016]) and the largest port in Europe (Fig. 1). Feijenoord is a densely
populated urban district with more than 70,000 residents (dataset
Centraal Bureau voor de Statistiek CBS, 2016) that is exposed to both
storm surge and riverine flooding, though engineering works reduce
flood risk (City of Rotterdam, 2013; de Moel et al., 2014b). Feijenoord’s
nine neighborhoods (buurten), shown in Fig. 1, are among Rotterdam’s
most vulnerable (dataset Centraal Bureau voor de Statistiek CBS, 2016).

Like much of Rotterdam, the majority of southern Feijenoord
District is located below sea level (indicated by blue coloring in Fig. 2)
but is embanked, or protected from riverine flooding by an extensive
dike system (City of Rotterdam, 2013; Ward et al., 2013). More than
half of Feijenoord’s land area – including the neighborhoods of Vree-
wijk, Bloemhof, the majority of Afrikaanderwijk, and all but a small
portion of Hillesluis – is located behind the south bank dike (Fig. 1).
These largely residential neighborhoods are almost entirely built-out.
Fig. 3 shows the appearance of the dike in the Afrikaanderwijk neigh-
borhood. Flood safety in embanked areas is the responsibility of the
regional Water Authority, which produces the required water plan and
maintains the dikes to prevent overtopping or failure (Correljé and
Broekhans, 2015). A very high safety standard has been set by the
Dutch national government, and thus annual flood risk in the embanked
part of Feijenoord District is estimated at 1 in 4000 (Jonkman et al.,
2008). In the unlikely event of a dike breach or extraordinarily high
river levels, however, damage to the low-lying neighborhoods would be
catastrophic (City of Rotterdam, 2013).

The remainder of the district – including Noordereiland, Feijenoord,
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Kop van Feijenoord, and the rapidly redeveloping Wilhelminapier and
Katendrecht neighborhoods, as well as parts of Afrikaanderwijk and
Hillesluis – is located on higher ground but is unembanked. Being di-
rectly exposed to the river (see Fig. 4), these neighborhoods have a
greater probability of flooding compared to the embanked

neighborhoods, though inundation and damages are mitigated by
higher elevation and by the Maeslant storm surge barrier (Maeslant-
kering), which prevents storm surges from the North Sea (City of
Rotterdam, 2013). In sharp contrast with the embanked areas, where
flood safety (through prevention) is the sole responsibility of the

Fig. 1. Neighborhoods in Feijenoord District, with locator maps of the Netherlands and Rotterdam environs.

Fig. 2. 3D model showing land elevation in centralRotterdam (looking west, down the Nieuwe Maas River; brown=higher elevation; blue= lower elevation). Most
of Feijenoord District is shown in the left-central foreground (red dotted line). The island in the river is the Noordereiland neighborhood. The sharp border between
light blue and brown areas along the river generally indicates the presence of a dike. [Source: I. Bobbink, TU Delft, via City of Rotterdam (2013)]. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version of this article).
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regional Water Authority, responsibilities in unembanked areas are
relatively ambiguous. According to Dutch national policy regarding the
riverbeds (Beleidslijn Grote Rivieren), individual developers are re-
sponsible for damage to new developments, whereas the municipality is
in charge of public spaces and may contribute to flood response through
provisions included in spatial and evacuation plans (Neuvel and van
den Brink, 2009; Runhaar et al., 2012; Ward et al., 2013).

Although current Dutch safety standards are very high, some

uncertainty and vulnerability remains, particularly with respect to un-
embanked areas (de Moel et al., 2014a). Additionally, while Rotter-
dam’s policy professionals appear to be aware of the threats posed by an
ever more unpredictable climate, including changes in the intensity and
seasonality of rainfall (City of Rotterdam, 2013), the ways this concern
is borne out in planning and policy across the network of plans is not
yet well understood. High standards and cognizance of climate change
notwithstanding, how well-integrated are the city’s plan documents

Fig. 3. Street scene in Afrikaanderwijk neighborhood, Feijenoord, Rotterdam. Part of the dike dividing the neighborhood into embanked and unembanked sections is
shown in front of the buildings (grass knoll, short brick wall) [Photo by author].

Fig. 4. Aerial view of northern Feijenoord District and the Nieuwe Maas River, looking west, showing the unembanked neighborhoods of Noordereiland (center),
Feijenoord (bottom left), and Kop van Feijenoord (middle left) [Source: City of Rotterdam (2013)].
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with respect to flood resilience? The Plan Integration for Resilience
Scorecard method is used to explore this issue, beginning with Feije-
noord District and its constituent neighborhoods.

4. Methods: Plan Integration for Resilience Scorecard analysis in
the Netherlands

The resilience scorecard method proffered in Berke et al. (2015) is
adjusted to fit the cultural and hazard context in Feijenoord District,
Rotterdam. Creating a Plan Integration for Resilience Scorecard entails
the (1) delineation of planning and hazard zones and (2) evaluation of
the community’s network of plans for integration and responsiveness to
flood vulnerability.

4.1. Step 1: Delineate planning & hazard zones

Delineating ‘planning zones’ divides the city into smaller units that
can be individually evaluated and compared, allowing for a finer-
grained spatial analysis than is possible by evaluating plans at the
community-wide scale (cf. Piantadosi et al., 1988). The existence of
neighborhood-level land use plans in the Netherlands, and their im-
portance for guiding land use and planning policy, makes the neigh-
borhood the ideal planning zone in Feijenoord District.

‘Hazard zones’ are then delimited and intersected with the neigh-
borhoods to create a new layer of ‘neighborhood hazard zones’, which are
the ultimate unit of analysis for the study. Flood hazard areas are often
tied to natural features (e.g. 100-year floodplain adjacent to a river). In
Rotterdam, however, decades of altering the local landscape by ele-
vating land and constructing dikes has greatly influenced the circum-
stances of neighborhood flood exposure (Ward et al., 2013). Thus,
following the Dutch conceptualization of flood risk, which is a function
of both elevation and responsibility for water management (Jonkman
et al., 2008; de Moel et al., 2014b), the hazard zones used for our ex-
amination of Feijenoord District are the previously described embanked
and unembanked areas (see Section 3.2). Within this framing, the entire
district (along with most of the city and much of the country) can be
understood as existing within a flood hazard zone, even if the risk is
relatively low. Embanked areas are protected by flood defenses but, due
to their low elevation, are at risk of catastrophe in the event of a col-
lapse or overtopping. The low elevation also poses a unique risk due to
the lack of natural drainage for floodwaters. Unembanked areas, lo-
cated between the dike and the river, are at greater risk of riverine
flooding, though the land has been elevated to mitigate the effects (City
of Rotterdam, 2013).

Dividing Feijenoord District into culturally relevant neighborhood
hazard zones facilitates improved analysis of its network of plans. The
ways plans and policies differ in their approach to flood hazards, as well
as how these differences play out spatially and according to risk type,
can be documented and evaluated. All Feijenoord District

neighborhoods are located in at least one hazard zone, with
Afrikaanderwijk and Hillesluis the only neighborhoods in both zones
(Fig. 1). In total, there are 11 spatially distinct neighborhood hazard
zones in the study area.

4.2. Step 2: Evaluate network of plans & generate Plan Integration for
Resilience Scorecard

The study area’s network of plans is then spatially evaluated.
Policies that influence land use and development are identified in each
of the community plan documents. The policies are then spatially as-
signed to neighborhood hazard zones and scored according to their
effect on flood vulnerability. Policies that increase vulnerability receive
a score of “-1”, while those that reduce vulnerability receive a “+1”
score. Table 1 contains examples of policies used in the analysis of
Feijenoord District. Scores are totaled for each neighborhood hazard
zone to create a policy score index. Higher scores indicate greater
policy focus on reducing vulnerability. Negative scores suggest that the
plan may actually increase flood vulnerability in a neighborhood ha-
zard zone.

Consistent with Berke et al. (2015), this analysis focuses on local
and municipal plans. In the Netherlands, mandatory standardized ac-
knowledgement of plans produced by larger governmental units (pro-
vinces, the central state) is designed to reduce plan conflict (Neuvel and
van den Brink, 2009; Buitelaar and Sorel, 2010), and thus a high degree
of ‘vertical plan integration’ can be assumed. The network of plans for
Feijenoord District includes ten neighborhood land use plans (Katen-
drecht has two), the Sub-municipal Water Plan for the districts of
Charlois and Feijenoord (Deelgemeentelijk waterplan Charlois en Feije-
noord 2011-2016), and Rotterdam’s Climate Change Adaptation
Strategy (Rotterdamse Adaptatiestrategie).

Established content analysis procedures (Berke and Godschalk,
2009) were followed, with policies scored independently by two re-
searchers. The resulting intercoder agreement (0.84) falls above the
suggested coefficient threshold for acceptable plan evaluation. Each
case of coder disagreement was reconciled through reexamination of
the policy in question and assignment of a final score. This resulted in a
final, consensus scorecard.

5. Findings and discussion

This section demonstrates the viability of the scorecard method in a
non-U.S. context by examining (1) overall composite policy scores, (2)
scores for the individual plans, and (3) the spatial distribution of plan
scores across neighborhoods in Feijenoord District, Rotterdam. The
discussion is structured around the district’s two hazard zones – the
embanked and unembanked areas – given their demonstrated salience to
flood risk and policy approaches in the city. To facilitate comparison
and description, neighborhood hazard zones have been assigned

Table 1
Examples of policies included in Feijenoord District scorecard.

Policy Plan (year: page) Effect on Vulnerability

"Within land use ‘Power of amendment 1’ (wro-zone - wijzigingsgebied –
1) a maximum of 173 residential units are allowed
(Bloemfonteinstraat/ Joubertstraat), as long as the municipality
and the public owners of the property have reached an anterior
agreement to do so."

Afrikaanderwijk Land Use Plan
(Bestemmingsplan Afrikaanderwijk)
(2011: 103)

Policy allows construction of many new residential units,
increasing residential density and vulnerability to flood events;
the affected neighborhood receives a score of -1 for this policy

"The houses in the Leeuwenkuil-site north in the Afrikaanderwijk will
be demolished, and the site is suited to contain water."

Sub-municipal Water Plan for Charlois
& Feijenoord
(2011: 23)

Policy directs reduction of residential population density
through demolition of housing and acknowledges suitability of
site for water storage; the affected neighborhood receives a
score of +1 for this policy

"In all new developments in outer-dike Rotterdam the risk of flooding
will continue to be taken into account when determining the
construction elevation."

Rotterdam Climate Change
Adaptation Strategy
(2013: 36)

Language directs new developments in the unembanked part of
the city to consider flood risk during planning, reducing
vulnerability to flooding; all affected neighborhood hazard
zones receive a score of +1 for this policy
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numbers and, in the case of neighborhoods in both hazard zones, letters
(e.g. ‘6 u for the unembanked portion of Afrikaanderwijk, ‘7e’ for the
embanked portion of Hillesluis; see Fig. 5).

5.1. Overall policy scores

When scores are summed across all three plan categories, all
neighborhood hazard zones receive positive overall policy scores
(overall mean = 10.4; unembanked mean=10.4; embanked
mean=10.3), indicating that the network of plans emphasizes vul-
nerability reduction across Feijenoord District (Fig. 5; also see Ap-
pendix A for district hazard zone plan scores and descriptive statistics).
When compared to the application of the scorecard method in the small
city of Washington, North Carolina (Berke et al., 2015) – which pro-
duced mixed results and identified multiple areas of high plan conflict –
this suggests that plan integration is stronger in Feijenoord, a result
consistent with known differences between the two communities in
terms of planning capacity and flood mitigation priorities.

The Dutch planning system mandates vertical and encourages hor-
izontal integration of spatial plans (Van der Valk, 2002). Combined
with deliberate municipal (and national) prioritization of flood resi-
lience, this is reflected in high plan scores, especially when compared to
the U.S. example. The overall policy score results thus provide support
for the scorecard method’s validity, and are also a testament to the

advanced state of planning and flood risk management in Rotterdam.
Despite the generally positive results, however, overall policy scores

vary considerably from the mean in Feijenoord’s unembanked neigh-
borhoods (std. dev.= 3.8); they are more consistent in the embanked
part of the district (std. dev.= 0.8). This suggests differences in both
the goals and the spatial foci of the individual documents in the net-
work of plans. These variations and their significance are the subject of
the remainder of this discussion.

5.2. Policy scores by type of plan and hazard zone

Disaggregating the scorecard results by type of plan and hazard
zone (Table 2) allows a deeper look at the policy approach to flood
vulnerability in Feijenoord District. Land use plans have the lowest
mean neighborhood score (0.5) as a result of their focus on land use,
including (re)development. They also display the highest standard de-
viation (3.3), likely reflecting their hyper-local focus—each neighbor-
hood has its own land use plan according to its particular needs and
goals.

Not surprisingly, the adaptation strategy has the highest mean
neighborhood score (8.5) across Feijenoord’s network of plans. It is
clearly focused on increasing flood resilience throughout the district,
though somewhat more so in the unembanked neighborhoods. Scores
for the water plan are more modest (mean=1.4), and are considerably
higher in the embanked part of the district than in the unembanked
areas.

5.3. Spatial distribution of individual plan scores

Observing the scorecard results disaggregated by plan type and at
the individual neighborhood scale permits an even more nuanced
analysis of the network of plans. Scores are a window onto both existing
conditions and spatial differences in plan emphasis. In Feijenoord, land
use plans reflect current development pressures as well as individual
neighborhood goals, which vary widely across the district (Fig. 6a). The
sub-municipal water plan (Fig. 6b) and climate change adaptation
strategy (Fig. 6c) both broadly reduce flood vulnerability, but affect
Feijenoord’s constituent neighborhoods in different ways. As demon-
strated below, assessment of neighborhood-level disparities using the
Plan Integration for Resilience Scorecard enables a richer under-
standing of the dynamics of the community’s network of plans2.

5.3.1. Land use plan scores
The unembanked portion of Feijenoord District is currently the

focus of substantial public and private attention as part of a city-led
push to attract middle- and upper-income residents. Several neighbor-
hoods are undergoing a transition that includes redevelopment and
infill as their abandoned port-related facilities are converted to modern
residential districts, and this is reflected in their land use plan scores
(Fig. 6a). In some places, development pressures challenge the attention
given to flood resilience, resulting in land use policies that may increase
flood vulnerability. The Katendrecht neighborhood (#5) exemplifies
this conflict as it evolves from an industrial brownfield site to a re-
sidential and mixed-use community. Katendrecht’s two land use plans
(one for the ‘core’, or kern, and one for the ‘wrist’, or pols) include
multiple policies aimed at increasing density on the peninsula, often
noting the proximity of the harbor basins for their amenity value, but
not acknowledging the potential hazard (e.g. ‘[T]he Pols-site is to be …
transformed into a mixed, urban residential, working and leisure-dis-
trict, using the recreational potential of the vicinity of the water’

Fig. 5. Overall (composite) policy scores in Feijenoord District neighborhoods.
Neighborhoods have been numbered to facilitate discussion: (1) Noordereiland;
(2) Wilhelminapier; (3) Kop van Feijenoord; (4) Feijenoord; (5) Katendrecht;
(6 u) Afrikaanderwijk – unembanked portion; (6e) Afrikaanderwijk – embanked
portion; (7 u) Hillesluis – unembanked portion; (7e) Hillesluis – embanked
portion; (8) Bloemhof; (9) Vreewijk.

Table 2
Policy score statistics, by plan type and hazard zone.

Plan Type

Land Use Plans Water Plan Adaptation Strategy

Hazard zone Mean Std. Dev. Mean Std. Dev. Mean Std. Dev.

Unembanked 0.3 3.7 0.7 0.7 9.4 1.0
Embanked 0.8 2.6 2.5 1.8 7.0 0.0

Overall 0.5 3.3 1.4 1.5 8.5 1.4

2 Selected instead of the conventional red-to-blue color scale (red = bad; blue = good)
which, though preferred in social science research for its ease of understanding and
colorblind-safe status, is problematic when illustrating flood vulnerability due to the
intuitive connection between shades of blue and depth of water (see colorbrewer2.org).
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[Bestemmingsplan Katendrecht-Pols, 2011, p. 17]).
Development pressure is less intense in Feijenoord’s more estab-

lished embanked neighborhoods, where opportunities for infill and
redevelopment are limited. Variations in land use plan policy scores
there are more often driven by priorities for how to improve spatial
quality and the built environment. Neighborhoods like Bloemhof (#8)
and Afrikaanderwijk (#6e) are made more resilient by policies focused
on modernization and the improvement of public spaces and drainage
(e.g. ‘Sites where green is permitted are to be used for parks, public
utilities, playgrounds … and other necessities of water management,
like embankments and revetments’ [Bestemmingsplan Bloemhof, 2007, p.
62]). However, with its ‘conservative’ land use plan, Vreewijk (#9) is
less affected by this positive attention, and several redevelopment-re-
lated policies are actually likely to raise vulnerability in the event of a
flood (e.g. ‘Dordtsestraatweg 603-611, a mixed use site, will be re-
developed into 20 apartments divided over four floors, with a new
underground parking lot’ [Bestemmingsplan Vreewijk, 2010, p. 27]).

5.3.2. Sub-Municipal water plan scores
Results from the scorecard analysis indicate that Feijenoord

District’s water plan (Fig. 6b) accomplishes its mandated objective –
and even strives to do more. Water Authorities are enabled by Dutch
law to produce plan documents in collaboration with municipalities
that manage water availability, movement, and quality in their jur-
isdictions (Tromp et al., 2014). With regard to flood resilience, these
plans are mainly concerned with water drainage and retention. Un-
embanked parts of the city have been designed to allow precipitation to
drain to the river directly, and thus policies aimed at improving water
storage are generally not needed in these areas. Rotterdam’s water
plans are progressive, however, expanding beyond the mandated intent
and pooling staff and fiscal resources; even unembanked neighborhoods
are positively affected by some water plan policies.

Still, because the task of managing water is more complicated in
areas that cannot naturally drain to the river, Feijenoord’s progressive
water plan focuses more on the embanked neighborhoods. A greater
number of resilience-building policies in the water plan apply to
Vreewijk (#9) and the embanked part of Hillesluis (#7e) than any-
where else (e.g. ‘The site of the former hospital (Zuiderzeeziekenhuis) in
[the Vreewijk neighborhood of] Feijenoord will be redeveloped; during
development, opportunities to address water challenges are to be in-
cluded’ [Deelgemeentelijk waterplan Charlois en Feijenoord 2011-2016,
2010, p. 23Deelgemeentelijk waterplan Charlois en Feijenoord -,
2010Deelgemeentelijk waterplan Charlois en Feijenoord 2011-2016, 2010,
p. 23Deelgemeentelijk waterplan Charlois en Feijenoord -, 2010Deel-
gemeentelijk waterplan Charlois en Feijenoord 2011-2016, 2010, p. 23]).
This may indicate that the water plan is working to fill policy gaps in

the land use plans related to flooding—compare Fig. 5b to 5a for these
embanked neighborhoods.

5.3.3. Climate change adaptation strategy scores
Finally, it is apparent from the scorecard results that Rotterdam’s

citywide climate change adaptation strategy (Fig. 6c) offers many in-
novative approaches for building flood resilience throughout Feije-
noord District (again, mean policy score= 8.5), but especially in un-
embanked neighborhoods (mean= 9.4). Like the water plan, the
adaptation strategy is generally concerned with flooding, but it is more
focused on the threats posed by impending climate change and from the
Nieuwe Maas. Hence, greater policy attention is given to the un-
embanked part of the district (e.g. ‘In order to be able to design and
build robust waterproof constructions [in Kop van Feijenoord and
Noordereiland], new building regulations are being developed’ [City of
Rotterdam, 2013, p. 70]). This emphasis on unembanked neighbor-
hoods again represents an attempt to fill policy gaps; Rotterdam is using
the adaptation strategy to strengthen flood resilience in the increasingly
vulnerable unembanked areas, which receive relatively little attention
from the water plan.

6. Conclusions & implications

The scorecard findings reveal conflicts and patterns in Feijenoord’s
network of plans that have implications for flood resilience in the dis-
trict and in Rotterdam, more generally. Despite positive overall policy
scores, the neighborhood- and plan-specific results are inconsistent.
Some neighborhoods focus on development with insufficient attention
to flood safety—to such a degree that their land use plan scores are
negative. This mirrors findings from the U.S. (Berke et al., 2015; Berke
et al., 2018) and reflects tensions between development and flood mi-
tigation, which often lead to increases in population and building
density in vulnerable areas without adequate focus on resilience. Re-
solving such tensions is critical to reducing vulnerability.

The larger-scale plans unsurprisingly score higher on average and
are more consistent—evidence of their strong focus on flood risk and an
indication that they may, in fact, be making up for policy gaps in some
of the land use plans. The strategy of water plans assuming greater
responsibility for water resilience, particularly in embanked neighbor-
hoods (and of the adaptation strategy doing the same in unembanked
areas) may be expedient, as long as the plans and agencies are truly
working together. When this is not the case, though, which plan’s
guidance will win out? It is thus advisable to integrate resilience-
building policies as thoroughly as possible, ‘mainstreaming’ them in the
most influential plans. This is especially true for policies in the adap-
tation strategy, which is more of a visionary than a regulatory

Fig. 6. Policy scores by plan type in Feijenoord District neighborhoods (pink= negative; green=positive): (a) Land Use Plans (all shown on one map); (b) Sub-
municipal Water Plan; (c) Rotterdam Climate Change Adaptation Strategy.
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document. Integrating its many progressive recommendations in the
more prescriptive elements of the network of plans – the water plans
and, especially, the land use plans – will help Rotterdam reach its
ambitious resilience goals.

From a research perspective, completing a Plan Integration for
Resilience Scorecard analysis in a new policy and hazard context, quite
unlike that in which the scorecard method was originally developed,
provides support for its external validity. Methodological adjustments
(e.g. delineating planning districts and hazard zones, determining
which plans and policies to include) were relatively straightforward
and should also be in future studies, provided that local experts are
involved in the design and conduct of the research. The scorecard
permitted an in-depth assessment of plan integration for flood resilience
in Feijenoord District and offered new insight into the dynamics of its
network of plans.

Finally, the scorecard evaluation of Feijenoord raised unanticipated
questions about flood resilience in Rotterdam. Ambiguity appears to
exist with respect to responsibility for flood safety in unembanked
areas. Given the non-committal nature of national requirements like
Beleidslijn Grote Rivieren, it seems that Dutch municipalities are still
trying to identify their obligations in unembanked areas. The extent of
their responsibility for flood damages and spatial provisions in land use
plans remains unclear—a problem resulting in part from (and ex-
acerbated by) a lack of experience with large flood events over recent
decades. This is somewhat troubling, especially when combined with
the policy inconsistencies identified using the scorecard. Whether ex-
isting provisions will suffice in the case of a very large flood event re-
mains to be seen.

7. Limitations

This process was limited in several ways that should be improved in
future applications, which may include evaluations of additional loca-
tions, comparative analyses, and translation to planning and flood risk
management practice. As in Berke et al. (2015), this initial proof-of-
concept scorecard evaluation was conducted in a community with a
relatively small number of sub-jurisdictional districts (neighborhoods),

which limited the statistical power for analysis of spatial relationships.
A larger study area with more individual neighborhood hazard zones
would provide a higher n-size, greater confidence, and better insight.
Thus, having been demonstrated at the scale of the district (Feijenoord),
small city (Washington, NC), and large city (Berke et al., 2018), the
scorecard process may benefit from testing at the regional or even na-
tional scale.

Another way to strengthen the potency of conclusions, with respect
to both Feijenoord’s network of plans and the efficacy of the scorecard
method, would be to repeat the study after some time has elapsed. A
longitudinal study would track changes in the integration and respon-
siveness of the network of plans. It would allow greater insight re-
garding, for example, whether the suggestions in the adaptation
strategy are eventually mainstreamed and whether low land use plan
scores for Katendrecht and Vreewijk merely reflect an un-
characteristically development-centric time period. We would empha-
size, however, that sufficient consideration should always be given to
flood resilience, regardless of what other policy drivers exist.
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Appendix

Appendix A. Policy scores and descriptive statistics for Feijenoord District, by plan type and hazard zone

Plan Scores

Neighborhood Land Use Plan Water Plan Adaptation Strategy Total

Unembanked (1) Noordereiland 0 0 10 10
(2) Wilhelminapier 0 1 10 11
(3) Kop van Feijenoord 3 2 10 15
(4) Feijenoord 1 0 9 10
(5) Katendrecht −8 1 10 3
(6u) Afrikaanderwijk (Unembanked) 4 1 10 15
(7u) Hillesluis (Unembanked) 2 0 7 9
Unembanked Neighborhoods Mean 0.3 0.7 9.4 10.4
Unembanked Neighborhoods Std. Dev. 3.7 0.7 1.0 3.8

Embanked (6e) Afrikaanderwijk (Embanked) 2 2 7 11
(7e) Hillesluis (Embanked) 0 3 7 10
(8) Bloemhof 4 0 7 11
(9) Vreewijk −3 5 7 9
Embanked Neighborhoods Mean 0.8 2.5 7.0 10.3
Embanked Neighborhoods Std. Dev. 2.6 1.8 0.0 0.8

Overall Mean 0.5 1.4 8.5 10.4
Overall Standard Deviation 3.3 1.5 1.4 3.1
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