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Abstract: Climate change has increased pluvial flood risks in cities around the world. To mitigate
floods, pluvial risk maps with climate change scenarios have been developed to help major urban
areas adapt to a changing climate. In some cases, subnational governments have played a key role to
develop these maps. However, governance research about the role of subnational governments in
geospatial data development in urban water transitions has received little attention. To address this
gap, this research applies the Governance Assessment Tool as an evaluative framework to increase
our understanding of the governance factors that support the development of pluvial flood risk maps
at the subnational level. For this research, we selected the region of Flanders in Belgium. This region
is considered among the frontrunners when it comes to the creation of a pluvial flood risk map
with climate change scenarios. Data have been collected through in-depth interviews with steering
committee actors involved in the development process of the map. The research identified that the
current governance context is supportive of the creation of the flood risk map. The government of
Flanders plays a key role in this process. The most supportive qualities of the governance context
are those related to the degree of fragmentation (extent and coherence), while the less supportive
ones are those related to the “quest for control” (flexibility and intensity). Under this governance
context, government actors play the primary role. The Flemish government led the maps’ creation
process and it was supported by the lower governmental levels. As the provincial government was
an important actor to increase local participation, collaboration with private and non-governmental
actors in the steering committee was more limited. The financial resources were also limited and the
process required a continuous development of trust. Yet, the Flemish Environmental Agency, with
the use of technology, was able to increase such trust during the process.
Keywords: governance; governance assessment; geospatial data; maps; climate adaptation; pluvial
floods; Flanders

1. Introduction
Floods cause billions of euros of damage every year and due to climate change, their impact might
increase [1]. In Western Europe, temperature could increase between 1.5 ◦ C and 7 ◦ C by the end of
the century. This change in temperature might increase precipitation during winter to up to 30% by
2100 [2,3]. This change in precipitation patterns is expected to increase floods frequency and severity [4],
estimating damages in Europe to reach 23.5 billion EUR by 2050 [5]. In Europe, ‘fluvial floods’, caused
by overflowing rivers, have received important attention, while ‘pluvial floods’, caused in urban areas
by extreme rainfall events, have been rarely studied [6]. In the case of Belgium, for example, by 2016,
Flanders had only been reporting fluvial floods to the European Commission [7]. Although fluvial
floods tend to be more devastating and impressive, their frequency is lower than pluvial floods [6].

ISPRS Int. J. Geo-Inf. 2020, 9, 460; doi:10.3390/ijgi9070460

www.mdpi.com/journal/ijgi

ISPRS Int. J. Geo-Inf. 2020, 9, 460

2 of 22

Over time, the damage of pluvial floods is similar to fluvial floods [8]. Pluvial effects are expected to
affect, to a high degree, the Northern region of Europe [9], and together with other factors, such as
land subsidence [10,11], high level of urbanization [12], inadequate infrastructure [13], and inadequate
drainage design [14], can increase the effects of pluvial floods. In Belgium, the high percentage of paved
and built-up areas decreases the capacity of rainwater infiltration [15]. Actually, cities in Belgium have
already struggled more with floods caused by pluvial events rather than tidal causes [16]. Specifically in
Flanders, when considering both fluvial and pluvial floods with climate change effects, pluvial floods
have a dominant impact and by 2100, it is expected that pluvial floods will damage 2.5 times more
buildings, among the most affected being the cities of Antwerp, Gent, Brugge, Leuven, and Kortrijk [7].
These negative consequences of pluvial floods have favored the development of new strategies from
the government. Among them, the development of pluvial flood risk maps, legislation based on those
maps, and the construction of blue-green infrastructure to decrease negative impacts [17].
These approaches, including the adjustment of new guidelines for floods with climate change
scenarios, are recent. Norway, the United Kingdom, Germany, and Belgium are among the first
countries in Europe to apply them. Germany and Belgium are among the few cases where changes
have been made at the subnational level [9]. Subnational levels are those governmental levels between
the local and national levels [18]. The EU’s multi-level system has favored a strong subnational
governance dimension that is under-researched [19]. Recent research has identified that subnational
levels play a relevant role in environmental transitions and climate adaptation [19,20]. Hence, it could
be expected that more subnational governments follow the Belgian and German path to contextualize
European directives and to provide lower governmental levels, with tools that can support their
climate adaptation.
Climate change adaptation requires strategic investments to deliver sustainable solutions in
the long-term [21]. The type of adaptation depends on the cultural, technological, economic, and
governance contexts [22]. Therefore, an effective governance system plays a key role when transitioning
to a more climate change resilient state [23]. This governance system should support collaboration
among different actors due to the complex nature of climate change projects. The implementation
of these projects can be more effective if there is proper planning. Geospatial Data (GD) can play
a key role to support this transition, as it facilitates urban planning, land administration, and risk
management [24]. Availability of GD related to flood risk management can play a crucial role for flood
protection [25], can support the development of effective strategies to address key global challenges such
as climate change [26], and can be key to optimize interventions by comparing “flood susceptibility”
through the comparison of different scenarios [27]. However, GD establishment, sustainable usage, and
maintenance face numerous governance challenges. GD itself is becoming key for modern governance
as it requires guaranteed access to data by various stakeholders, which has resulted in the creation
of GD services with structures that govern data sharing and coordination [28]. Therefore, GD is no
longer seen as a technological activity only. It deals with a large number of organizations, institutions
and legal factors that are part of a governance context [29,30]. GD has a complex structure and is
characterized by a high level of heterogeneity in data formats and models. Therefore, GD processes still
require improvement including GD access, harmonization, and analysis [25]. Under these governance
challenges, GD is becoming very relevant. For example, the Infrastructure for Spatial Data Information
in Europe (INSPIRE) initiative aims to establish GD to support community environmental policies to
impact on the environment [25].
Digital flood risk maps are GD and they integrate hydrological, environmental, topographical,
and cadastral data; their availability can help to improve protection measures against floods [25].
Modeling maps faces not only technical issues; it also requires a high level of expertise, cultural, and
historical understanding of modeling, as well as knowledge of the legislation, including intellectual
property rights [30]. This complexity makes the contextualization of models very relevant.
At the international level, different maps have been developed to show possible flood impacts
with climate change scenarios. Some examples are the Global Flood Map [31] or the FM Global Flood
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Map [32]. Those maps present different scenarios depending on the type of flood model and the
algorithms used. At the European and national levels, maps presenting flood risk areas are more
common now when comparing to a decade ago [33]. Currently, Germany, the Netherlands, and
the United Kingdom are good examples of countries that have developed such maps. At the local
level, there are also important cases. For example, cities in the Scandinavian region employ maps
developed by SCALGO to identify critical flood risk areas, considering climate change effects to plan
new infrastructure and urban development [34]. Another example in the same vein is SINTEF, who
has developed GIS-based tools [35]. However, many cities in Europe lack the capacity to access these
tools. Most of the cities in Europe with climate change adaptation and mitigation plans (17%) are rich
cities located in the North part [36], being the Nordic cities among the leaders [20].
It is under this context that subnational governments can play an important role. At the
subnational level, maps with information about future flood areas due to climate change are still not
common. However, recent reforms regarding climate governance in Europe have shifted authority and
competences from national and local governments to subnational governments [20]. When considering
the development of pluvial flood risk maps with climate change scenarios, the maps created by
subnational governments can offer a higher degree of contextualization than national maps and they
can be a supportive tool for cities that do not have the resources to develop such maps. In this sense,
maps created by subnational governments can become relevant [37] and can play a key role in the
urban water management transition of cities. Subnational governments are closer to local governments
than national governments, and they can provide a more integral vision at the basin level than local
governments, due to their territorial jurisdiction.
In the urban water transitions literature, the relevance of subnational governments for
GD is understudied, while in the environmental governance literature, there are already some
studies [19,38,39]. Meanwhile, water governance studies have focused mainly on decentralization and
river basin approaches [40]. Studies that focus on subnational governments’ role are important because
subnational levels are taking responsibilities from federal and local governments in environmental
areas [18,41]. An example in Europe is Flanders, where flood policy has experienced a recentralization
at the regional level, which overtook the steering role from the federal level, becoming the main policy
entrepreneur [42].
Relevant literature on GD governance has been developed [43]; it has focused on network
analysis [44] and the integration of spatial planning and flood risk management [30,45]. However, less
attention has been paid to the impact of coordination efforts on the process of sharing GD with
different users [46]. In general, studies of GD from a governance perspective are rare [47,48], as well as
studies of the impact of GD on spatial planning from both an integral and a multi-level governance
perspective [30].
Acknowledging gaps in the literature of subnational governments’ role in urban water transitions
and GD governance literature specifically on pluvial flood maps, this paper aims to contribute to
the scholarly understanding of the governance factors that support the creation of GD by analyzing
the collaborative efforts of the process of sharing and developing GD in the steering committee that
participated in the development of the pluvial flood risk map. Within this background, we have posed
the following question: How does the governance context support and hinder the creation of the
pluvial flood risk map developed by the subnational government? To answer this question, we selected
as a case study the pluvial flood risk map with climate change scenarios developed by the Flemish
government. By providing more information regarding the future impacts of pluvial floods, the Flemish
authorities expect that the map can help cities to plan and build blue-green infrastructure to advance
their climate change adaptation. We believe that this article can also contribute, in general terms,
to the sustainability transition literature, which requires more research that can support theoretical
developments through case studies [49].
This article is divided into six sections. The next section explains the theoretical framework
that was employed for this study. This is followed by a description of our case of study. After this
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description, we present the results of our governance assessment, then, we discuss the results, and
finally, we present the conclusions.
2. Materials and Methods
This section is divided into three subsections. The first subsection explains the theoretical
framework we used for our governance assessment, the second subsection explains our data collection,
and the third subsection describes the case of study.
2.1. Theoretical Framework
To understand the governance factors that supported the creation of the pluvial flood risk
map with climate change scenarios, we employed the Governance Assessment Tool (GAT) and
analyzed the interaction of the actors in the steering committee. The GAT aims to contribute to the
literature of governance in the implementation phase. Both the implementation of regulations from
a governance perspective [50] and the relation between science, policy, and implementation [51]
have received little attention. The GAT takes into consideration contextual factors, as other
frameworks do [50,52–55], since there is no single type of governance system that can be applied to all
sustainability problems [56]. Examples of similar frameworks are Fit-For-Purpose [57] and its derivative
frameworks such as the Fit-for-purpose Governance Assessment Framework [58], the Land Governance
Assessment Framework [59], the Governance Capacity Framework [51], the Social-Ecological System
Framework [60], the Management and Transition Framework [61], and the OECD multi-level
governance [62].
The GAT applies a systematization process as a way of sorting through complexity, allowing
a framework for practitioners to consider the context and dynamics of their particular settings [63].
The GAT has an institutional approach with contextual considerations [64]. Therefore, GAT can be
considered as a context-sensitive framework that is part of the academic response to “panacea” or
“universal remedy” frameworks [65]. The GAT has already proven strengths in understanding Western
European governance contexts of water and climate change resilience projects [66–69]. It has also been
used by researchers to create an online tool for policymakers in urban water transition projects [70].
The GAT has been created in a European context, has a solid theoretical background [55], since it is
based on the Contextual Interaction Theory [71], and sees governance as a context for decision-making
and implementation. Therefore, governance can be supportive or restrictive for those implementation
processes. Governance here considers five dimensions [64] and these are:
Levels and Scales: refers to the multi-level governance character.
Actors and Networks: refers to the multi-actor character of the issue at stake.
Problem perceptions and Goal ambitions: refers to the multi-faceted character of problems
and objectives.
Strategies and instruments: refers to the multiplicity of strategies and instruments that can be
employed by the involved actors.
Resources and responsibilities: refers to the multiple resources required for the implementation.
These governance dimensions, together with the qualities of extent, coherence, flexibility, and
intensity, assess how supportive the governance context is for the implementation of the policy under
study. The four qualities are [64]:
Extent: refers to the inclusiveness of all the elements in the governance dimensions that are
relevant and should be considered.
Coherence: refers to the supporting or contradictory character between the different
governance dimensions.
Flexibility: refers to the adaptive character of the governance elements to facilitate different
strategies that favor the implementation.
Intensity: refers to the degree of support in the elements that constitute the governance context to
urge the required changes.
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The combination of the five dimensions of governance and the four qualities makes the GAT
‘matrix’ model [71]. See Table 1 below.
Table 1. Water governance matrix (adapt from [71]).
Qualities of the Governance Regime
Governance
Dimension

Extent

Levels and Scales

Coherence

Flexibility

Intensity

Is there a
participation of all
the relevant
government levels?

Are the government
levels working
together?

Is it possible that
given the issue at
stake, lower or
higher government
levels take the
lead?

Is there a
government level
or levels promoting
the innovative
projects?

Actors and
Networks

Are all relevant
actors involved?

Are government and
non-government
actors working
together and trust
each other?

Is it possible to
include new actors
to create social
capital and to
support each
other’s task?

Is there a
non-government
actor or a coalition
of actors promoting
the innovative
projects?

Problem
Perspectives and
Goal Ambitions

Are the different
perspectives being
considered?

Are the key actors
sharing a similar goal
and vision?

Are there
opportunities to
re-assess goals?

How different are
the goals from the
status quo?

Strategies and
Instruments

Are all the
instruments and
strategies being
considered?

Are there overlaps or
conflicts among the
different strategies
and instruments?

Are there
opportunities to
combine different
instruments or
strategies?

Are the current
strategies and
instruments
appropriate for the
innovative
projects?

Responsibilities
and Resources

Are responsibilities
clearly assigned
with sufficient
resources?

Is there collaboration
across institutions to
support each other’s
responsibilities and
to combine
resources?

Is it possible to
pool
responsibilities and
resources without
jeopardizing
accountability?

Are the resources
sufficient to
implement the
measures needed
for the intended
change?

The governance literature has emphasized the relevance of including different stakeholders.
Currently, complex institutional systems are fragmented due to a lack of overall coordination [72].
One way to decrease coordination is through ‘interactive forms of governance’, meaning the involvement
of stakeholders in the decision-making process [73]. This interactive governance requires integration
across policy sectors and among different levels [74]. In order to have a better understanding of how
the governance context supports integration among the actors, we will assess the governance context
analyzing the interaction of the actors in the steering committee, considering the four qualities of the
GAT. Many governance structures tend to be fragmented because they have been naturally evolved to
include more actors, but there is a lack of coherence [75]. In other words, policy failures can occur
due to the lack of elements that should be considered and due to the lack of connection among those
elements [76]. Table 1 above presents the relation among the five governance dimensions and the four
governance qualities according to GAT. Table 2 shows how Table 1 has been operationalized to assess
the restriction or support of the governance factors in the creation of the pluvial flood risk map with
climate change scenarios. This type of operationalization presented in Table 2 has been carried out in
previous academic research [38,58,77].
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Table 2. Operationalization of Table 1.
Governance Dimension

Levels and Scales

Actors and Networks

Problem Perspectives and
Goal Ambitions

Extent

Coherence

Flexibility

Intensity

High—All the relevant
government levels are involved.
Moderate—Most the relevant
government levels are involved.
Low—Few relevant government
levels are involved.

High—All the relevant
government levels work
together and trust each other.
Moderate—Most of the relevant
government levels work
together and trust each other.
Low—Few relevant
government levels work
together and trust each other.

High—It is possible to move up and
down levels, depending on the
issue to be led, in a pragmatic
manner.
Moderate—It is possible to move
up and down levels, depending on
the issue to be led. However, this
requires institutional agreements
that can be time consuming.
Low—It is not possible to move up
and down levels even. The system
is hierarchical.

High—All levels are promoting
innovation.
Moderate—Most of the levels
are promoting innovation.
Low—A minority of levels are
promoting innovation.

High—There is cross-sectoral
collaboration among all the
different networks of actors.
Moderate—There is cross-sectoral
collaboration among few
networks of actors.
Low—Only a specific network of
actors collaborates.

High—Collaboration is
institutionalized, stable and
with trust among the different
networks of actors.
Moderate—Collaboration is
institutionalized. It is stable and
there is trust among few
networks of actors.
Low—The collaboration is not
institutionalized and there is not
trust among the different
networks of actors.

High—It is possible to include new
actors, shift leadership and to create
social capital.
Moderate—It is possible to include
new actors. However, it is not
possible to shift leadership or to
create social capital.
Low—It is not possible to include
new actors, shift leadership, and to
create social capital.

High—Coalition of different
networks of actors promoting
innovation.
Moderate—Limited coalition of
actors promoting innovation.
Low—No coalition of actors
promoting innovation.

High—The perspectives of all
relevant actors are considered.
Moderate—Few perspectives of
relevant actors are considered.
Low- Only the perspective of the
main actor is considered.

High—The perspectives of all
relevant actors support each
other.
Moderate—Few perspectives of
relevant actors support each
other.
Low—The perspectives of
relevant actors contradict
each other.

High—It is possible to reassess the
project during the process.
Moderate—Only some aspects can
be reassessed.
Low—It is not possible to reassess
the project during
its implementation.

High—The current perspectives
favor the project goal.
Moderate—Minor changes are
needed to include more
perspectives that favor the
project goal.
Low—Major changes are
needed to include more
perspectives that favor the
project goal.
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Table 2. Cont.
Governance Dimension

Extent

Coherence

Flexibility

Intensity

Strategies and Instruments

High—Innovative strategies,
including pilots, are considered
and implemented by all the
relevant actors.
Moderate—Innovative strategies,
including pilots, are considered
and implemented by few relevant
actors.
Low—Innovative strategies,
including pilots, are neither
considered nor implemented by
relevant actors.

High—The strategies and
instruments do not present
overlaps or conflicts.
Moderate—Some strategies and
instruments present overlaps or
conflicts.
Low—The strategies and
instruments present overlaps
and conflicts.

High—It is possible to combine
different strategies and instruments
for pragmatic reasons.
Moderate—There are some
limitations to combine different
strategies and instruments.
Low—It is not possible, or the
actors are discouraged to combine
different strategies and instruments.

High—The strategies and
instruments are appropriate to
reach the objective.
Moderate—The strategies and
instruments require minor
changes to reach the objective.
Low—The strategies and
instruments require major
changes to reach the objective.

Responsibilities and
Resources

High—The relevant actors have
clearly assigned responsibilities
and the required resources.
Moderate—Responsibilities are
clearly assigned but there are not
the required resources.
Low—The relevant actors do not
have clearly assigned
responsibilities nor the
required resources.

High—The relevant actors can
combine their resources.
Moderate—Only few relevant
actors can combine their
resources.
Low—The relevant actors
cannot combine their resources.

High—It is possible to pool
different resources and to share
responsibility with effective
accountability mechanisms.
Moderate—It is possible to pool
resources but not responsibility.
Low—It is not possible to pool
resources nor responsibility.

High—The actors consider there
are the appropriate resources to
implement the project.
Moderate—The actors consider
the resources are tight to
implement the project.
Low—The actors consider the
resources are insufficient to
implement the project.
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2.2. Data Collection
To assess each element of Table 2, this research selected, as an in-depth case study, the steering
committee that participated in the map developed by the Flemish government. Case studies help to
complement theory and allow generalizations of theoretical prepositions [78]. In-depth case studies
can increase our understanding of the sustainability transition dynamics, the creation and enrichment
of transition theories and frameworks, and reveal barriers to sustainable transitions [49]. Actually, case
studies are a pillar of transition studies and they enhance the explanatory capacity of transition
frameworks [49].
The GAT permits a systematic analysis of the governance context by assessing each relationship
between the governance dimension and the governance quality individually. To do so, we conducted
six interviews with five key stakeholders that were part of the steering committee. Two interviews were
with VMM officials in order to have a more comprehensive understanding of the map creation process.
The steering committee members were actively participating in the climate change map project from
May 2018 to December 2019. Interviews took place between November 2019 and February 2020 and
each one lasted between one and two hours, with an average time of one hour and a half. Table 3 shows
the affiliation of the interviewees.
Table 3. Affiliation of the actors interviewed.
City Government

Provincial Government

Regional Government

Urban Development,
Antwerp

Integrated Water Policy Service, Antwerp
Water and Domains services, Limburg

Flanders Environmental
Agency (VMM)

Company
FARYS,
Gent

The interview consisted of 32 semi-structured questions that aimed to understand the governance
factors that supported and hindered the creation of the pluvial flood risk map with climate change
scenarios. The questionnaire was based on the GAT (see Tables 1 and 2) and was divided into 6 sections.
Section 1—General context about the creation of the map; Section 2—Collaboration of the different
governmental levels during the creation process; Section 3—Collaboration between governmental
and non-governmental actors during the creation process; Section 4—Agreements and disagreements
between the different actors, considering their perceptions and goals; Section 5—Availability
and use of the different policy instruments that could support or hinder the creation process;
Section 6—Responsibilities and instruments available and employed by the different actors to support
the process.
Based on the interviewees’ answers, each evaluative quality is assessed individually. For each cell,
we analyzed first the individual answer and then, we compared it with the rest of the stakeholders’
answers to reach a general conclusion. Secondary sources, such as previous research on the topic [7,28]
as well as European [79] and legal documents [80], were used to confirm or complement the
information gathered during the interviews. The results are considered reliable, since the interviewees
reported in similar and complementary ways. This type of assessment complies with previous GAT
applications [38,68,77]. Table 2 above presents the range of conditions within each cell to be assessed
from low to high. Within this range, the qualities can be assessed as Low, Low-moderate, Moderate,
Moderate-high or High.
2.3. Case of Study
Due to the interest in the role of subnational governments in environmental transitions and
based on the insights from the INTERREG project called “Water Sensitive Cities: The Answer To
Challenges of Extreme Weather Events” (CATCH 2017-2020) [81], the subnational government of
Flanders was selected as an ideal setting to assess GD created at the subnational level. In the Belgian
GD context, regional governments play a key role. Previous research has characterized Belgium from a
governance perspective as an interesting case of study that has a dual federal structure composed of the
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federal state and three subnational regions (Brussels capital, Flemish region, and Walloon region) [28].
The regional governments are currently in charge of territorial policies, including urban development,
environmental policy [28], and flood protection. Under the regional government, there are 10 provinces
(also a subnational government) and 589 communities [28]. In terms of flood risk maps, Belgium has
designated seven units of management and each unit has a Flood Risk Management Plan [79].
Flood mapping is part of the measures taken by the Flemish government to meet the requirements
of the European Flood and Water Framework Directives. The Directive requires the member states to
provide information about the source of flooding to the European Commission [7]. It also requires
the members’ states “to assess its territory for significant risk from flooding, to map the flood extent,
identify the potential adverse consequences of future floods for human health, the environment,
cultural heritage and economic activity in these areas, and to take adequate and coordinated measures
to reduce this flood risk” [79]. In general, the Floods Directive has helped to improve flood risk
information [82]. The new maps have been the replacement of the first-generation flood maps from
2000, which had important shortcomings. There was a lack of calculation of overland flow paths, the
resolution of 5m was limiting the use of a parcel-scale, and there was a lack of regional information
regarding the flood extent [7].
For Flanders, the Flemish Integrated Commission on Water Management (CIW) submits the
pluvial information to the European Commission. Figure 1 below shows the availability of data
regarding pluvial and fluvial flood risks that is reported to the European Commission. The floods
of 2016 and their large impact in Flanders, including payments by the Disaster Fund exceeding
500 million EUR, reinforced the need to create the pluvial flood risk maps [7]. The VMM officials
believe that the pluvial flood risk map in the climate portal can support the adaptation of Flemish cities
to climate change. At the moment of the interviews, the map was still not part of a legal instrument.
However, this process is under negotiation, since many important flood policy instruments rely on
maps. Some examples are the water assessment and the flood information in real estate transactions
in the region of Flanders [7]. The water assessment requires advice from the water manager on the
impact of a permit, plan or program on the water system [42]. At the same time, the “duty to inform”
instrument requires the dissemination of information regarding the vulnerability to flooding in every
real estate transaction [82].

Figure 1. Pluvial and fluvial flood risks in Flanders [83] (Website of the map: https://www.waterinfo.
be/overstromingsrichtlijn).
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Hence, the regional government plays a key role in terms of flood risk policy and the development
of the maps, including pluvial flood risks. Considering this role, since 2016, the Flemish government
has led the creation of high-quality maps regarding pluvial flood risks with climate change scenarios
via the Environmental Agency (VMM). In order to strengthen the role of the Flemish government,
the region of Flanders has undergone reforms in the last decade to increase the capacities of the
region
inJ.water
andREVIEW
spatial planning. The 2014 reform allowed municipalities 10
tooftransfer
ISPRS Int.
Geo-Inf.management
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by an extra project, which was commissioned in early 2017, to create a regional pluvial flood map at
the end of the same year. This project included return periods of 2, 10, 25, 100, and 1000 years [7]. The
the end of the same year. This project included return periods of 2, 10, 25, 100, and 1000 years [7].
project has used several open-source tools and included a simulation of 102 sub-models for all the
The project has used several open-source tools and included a simulation of 102 sub-models for all
return periods, incorporating climate in the year 2100. Through the use of the online platform at
the return periods, incorporating climate in the year 2100. Through the use of the online platform at
www.vlagg.be, the Flemish government engaged over 150 Flemish municipalities as well as dozens
www.vlagg.be,
the Flemish government engaged over 150 Flemish municipalities as well as dozens
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reported to the European Commission [7]. In this engagement process, the municipalities and sewer
managers, among other actors, continued providing feedback to the VMM by marking a positive,
negative or neutral score to specific highlighted areas of the map. This feedback helped to improve
the quality of the map [7]. More information about the technical aspects of the map collaboration
process can be found in Cauwenberghs 2018 [7] and the technical methodology is explained in the
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and allowed for the reduction in the pluvial flooding area in 56%, when compared with the 2013 map
reported to the European Commission [7]. In this engagement process, the municipalities and sewer
managers, among other actors, continued providing feedback to the VMM by marking a positive,
negative or neutral score to specific highlighted areas of the map. This feedback helped to improve the
quality of the map [7]. More information about the technical aspects of the map collaboration process
can be found in Cauwenberghs 2018 [7] and the technical methodology is explained in the document
named: Format flood hazards and flood risk maps methodology (Opmaak OverstromingsGevaar en
overstromingsRisicoKaarten Methodologie) [86].
The last efforts on the map project took place between 2018 and 2019, with the steering committee
being part of it. In this last process, the revision of the map continued and it took between two and
three months. During this time, some provincial governments, such as Limburg, played a very active
role and visited Flemish municipalities to invite them to provide online feedback on the flood risk
maps via an online platform. In order to solve some disagreements or to corroborate the development
of the model, the agency hired a company that deploys drones within two hours after heavy rains to
mark flooded areas. At the same time, they also compared flood risk models developed in large cities,
such as Antwerp, with the VMM map. According to the VMM officials, the European Commission is
very satisfied with the current quality of the maps. The following section will present the results of the
governance assessment based on the GAT application.
3. Results of the Assessment and Discussion
This section presents the assessment results of the selected case of study, Flanders. These results
are displayed considering each governance quality. Therefore, the presentation order is 4.1 extent,
4.2 coherence, 4.3 flexibility, and 4.4 intensity. At the end of this section, we present, in Table 4, the
results in a summarized manner.
Table 4. Results of the governance assessment.
Governance Dimensions
Levels and Scales
Actors and Networks
Problem perspectives and Goal ambitions
Strategies and Instruments
Responsibilities and Resources

Extent

Coherence

Flexibility

Intensity

Moderate-high Moderate-high Low-moderate
Moderate
Moderate
Moderate
Moderate
Moderate
Moderate-high Moderate-high
Moderate
Moderate
Moderate-high
High
Moderate-high Moderate-high
Moderate-high Moderate-high
Moderate
Moderate

3.1. Extent
3.1.1. Levels and Scales
Moderate-high: Most relevant actors are involved. The majority of the interviewed actors
participated in the process between 2018 and 2019. For this process, various actors were invited by the
VMM to follow the project. In the end, the steering committee had representations from the province
and municipal governments as well as sewage companies. Some provincial governments encouraged
municipal governments to participate in the online process developed by the regional government to
provide feedback about the map. In some cases, provincial governments were visiting the municipalities
to check the maps with them and to provide the feedback online. Provincial governments consider that
if they had not proceeded in this way, the participation of the municipalities would have been lower.
3.1.2. Actors and Networks
Moderate: there is a cross-sectorial collaboration mainly among governmental actors.
Relevant governmental actors were involved. Besides the governmental actors, the sewage companies
also actively participated in the feedback. There was no participation of non-governmental actors,
such as universities or non-governmental organizations, in the steering committee. Currently, the
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Integrated Water Policy Coordination created a consultation platform that supports the integration
process of the policy. There is information available on https://www.integraalwaterbeleid.be/.
3.1.3. Problem Perspectives and Goal Ambitions
Moderate-high:
Most of the perspectives of relevant actors are considered.
Different perspectives were considered. According to the different interviewed actors, the VMM officials
considered the majority of the feedback that they received, although there were some discussions on the
methodology that was being used for the creation of the maps. The revision process was important to
obtain more information in a bottom-up manner. In this sense, this part of the process was considered
as more involving than the previous one, which was perceived as a top-down approach of the VMM.
Within the steering committee, the different actors were able to reach agreements.
3.1.4. Strategies and Instruments
Moderate-high: Innovative strategies, including pilots, are considered and implemented by
most relevant actors. The creation of the map has been mainly a technical process led and coordinated
by the VMM. The interviewed actors mentioned that the agreements always considered a long-term
scope. The VMM also adopted technologies such as open-source tools and pilots that took into
account a long-term scope. In fact, the creation process evolved naturally from small pilots near
the cities of Gent and Antwerp to the introduction of new technologies such as drones and broader
stakeholder participation.
3.1.5. Responsibilities and Resources
Moderate-high: The relevant actors have clearly assigned responsibilities and the required,
although limited, resources. Responsibilities and resources are clearly assigned. In this case, the
VMM took the lead and included more actors as the process evolved. The provinces played a key role
to support the engagement of the municipal actors to take part in the process and to provide feedback.
Yet, in general, the actors considered that the mapping budget was tight, and more personnel would
be beneficial for the municipalities.
3.2. Coherence
3.2.1. Levels and Scales
Moderate-high: Most of the relevant government levels work together and trust each other.
According to the interviews, the different governmental levels who participated in the process were
working together. Although there were important discussions regarding the models employed in the
creation of the map, the interviewed actors agreed that the creation of the map was not affected by
political factors. Yet, there were some trust issues regarding how reliable the map can be. In order
to increase trust with the municipalities, when possible, the VMM employed drones to reassure the
municipalities about its models by contrasting the drone images of floods with the model developed.
This action, according to the VMM officials, has increased the trust of the municipalities on the
map. Nevertheless, officials are aware that one of the most important challenges will come when the
governments try to implement the map, mainly with the aspects related to the water assessment.
3.2.2. Actors and Networks
Moderate: Collaboration is institutionalized, it is stable and there is trust among the actors, being
most of them governmental actors. Most of the actors belong to the governmental network. Among the
few relevant private actors who participated in the steering committee were the sewage companies
from Gent and Antwerp. The members of the steering committee considered that there was trust
within the committee. According to some of the interviewed actors, the fact that the steering committee
was mostly limited to government officials prevented the other interests from affecting the process.
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3.2.3. Problem Perspectives and Goal Ambitions
Moderate-high: Most of the perspectives of relevant actors support each other. The existence
of the steering committee made it possible to hear the opinion of different actors and to engage them in
the process more directly. The opinions were in its majority constructive, supportive of the process,
and helped to improve the maps. Although there were some disagreements related to the technical
aspects of the model, in some cases, due to time or budget constraints, the actors realized that certain
observations were not possible to implement. For example, the inclusion of existing sewage models.
Yet, it is important to highlight that not all cities have such models. Considering this variety of
situations, agreements were reached, and some actors were willing to accept the limitations. In the end,
the participants considered the maps useful, as they can be an important tool for planning in medium
or small size cities that do not have their maps. They also agreed on their goal, which was to produce a
good map.
3.2.4. Strategies and Instruments
High: The strategies and instruments do not present overlaps or conflicts. The strategies and
instruments related to the creation of the maps do not face overlaps or conflicts that could affect the
development process. Actually, the closest example of overlap is found in those cities that have already
developed similar maps, such as Antwerp. However, according to the interviews, instead of being
perceived as a problem, existing maps have been considered by the different actors as an opportunity
to compare their models in order to improve them.
3.2.5. Responsibilities and Resources
Moderate-high: Most relevant actors can combine their resources. Since the creation of the
maps is a VMM project, the only institution that directly funded the project was the Flemish government.
Yet, some actors have supported the process with their own resources. An example is the provinces
who used their resources to visit and support municipalities. Some provinces considered that they
would have liked to have more resources for such visits. Municipalities, water boards, and sewage
companies also supported the process by appointing some of their personnel to provide the feedback
requested by the VMM. Yet, some of the interviewees reported that for some municipalities, this
process was complicated, since they did not have enough personnel and, in some cases, they were not
properly trained. Although the budget limitations can be seen as a negative aspect, the fact that the
rest of the actors understood this situation also helped in some cases to reach agreements.
3.3. Flexibility
3.3.1. Levels and Scales
Low-moderate: It is not possible to move up and down levels, but the regional government has
shown openness. It is not possible that lower or higher levels take the lead. The lower governmental
levels only act as supporters of the regional government. In this sense, the relationship is hierarchical
and the VMM plays the leading role. Yet, it is important to highlight that the VMM has encouraged the
participation of other governmental levels.
3.3.2. Actors and Networks
Moderate: It is possible to include new actors. However, it is not possible to shift leadership
or to create social capital. It is possible to include different actors in the steering committee.
However, during the process, there were no significant changes in the involved actors. The inclusion
of actors responds to the interest and capacities of the invited actors. Participation in the steering
committee was stable. According to the interviews, the actors who were at the beginning of the process
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were at the end. However, due to the relevant role played by the governmental actors and limited
participation of non-governmental actors, the creation of social capital is limited.
3.3.3. Problem Perspectives and Goal Ambitions
Moderate: Only some specific aspects can be reassessed. The steering committee and the
feedback process permitted to assess the map within the boundaries set by the VMM. Within these
boundaries, it was possible to make adjustments to the map. The goal of the project was also set by
the VMM.
3.3.4. Strategies and Instruments
Moderate-high: There are some limitations to combine different strategies and instruments.
There are limited opportunities to combine instruments and strategies. The strategy followed was set
by the VMM. In this sense, there are restrictions in the process, one of them being the lack of possibility
to integrate local models. Yet, the strategies employed can play an important role in the future, such as
the use of open-source tools or the creation of a platform where other actors can provide feedback.
3.3.5. Responsibilities and Resources
Moderate: It is possible to pool resources but not the responsibility. It is possible to contribute
with different resources and the VMM is the actor responsible for the project. However, the current
strategy tends to take place in a context where the different actors act voluntarily. While this situation
demonstrates the commitment of the different actors to collaborate, it also shows that willingness plays
an important role.
3.4. Intensity
3.4.1. Levels and Scales
Moderate: The regional and some lower levels have promoted the creation of the map.
The governmental level that has played the most active role to promote the creation of the map
is the Flemish government through the VMM. They also promote its use and expect that the map will
play an important role in climate change adaptation strategy, for example, in relation to other policy
instruments that can directly depend on the map, such as the water assessment and the plan and
development of blue-green infrastructure. Independently from the Flemish government, frontrunner
cities such as Antwerp have been developing their maps.
3.4.2. Actors and Networks
Moderate: There is a limited and fragmented coalition of actors promoting similar innovations.
The private actors such as the sewage companies were important, but they did not play the main
role in the map creation process or its use. The main role belongs to the governmental actors and
more specifically, to the VMM. Due to the revision process, now, more government actors at the
lower levels are aware of the map. Yet, as mentioned before, cities such as Antwerp are promoting
similar innovations.
3.4.3. Problem Perspectives and Goal Ambitions
Moderate: Some important changes are needed to include more perspectives that favor the
project goal. Due to the feedback and participation of the different actors, the final version of the map
has had many improvements. In this sense, it is possible to say that the objective of creating good
maps has benefited from the collaboration process. Yet, some technical changes that can allow more
comprehensive participation are pending. This includes sewage companies’ models.
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3.4.4. Strategies and Instruments
Moderate-high: The strategies and instruments are appropriate to reach the objective but
there is still room for improvement. In general, the interviewed actors agree with the strategies and
instruments that are being used by the VMM, such as the drones and the possibility to provide feedback
on the model via online. However, some actors had liked to have the possibility of including existing
models at the local level.
3.4.5. Responsibilities and Resources
Moderate: The actors consider that the resources are tight. There are important financial
limitations. Budgets are tight at the three levels of government. At the regional level, it limits the
options that they can consider or bring to the table to improve the process. At the provincial level,
having more resources could have supported the visits to municipalities. Meanwhile, at the municipal
level, there were limited resources to invest in revising the map. Table 4 below summarizes the results
of our governance assessment. The results are discussed in the next section.
4. Discussion of Results
When looking at the governance dimension of Levels and Scales, our assessment shows that
the three governmental levels (regional, provincial, and municipal) were involved in the process.
Although it was a collaborative process, it is also important to mention that due to the primary role
that the regional government plays, the process still corresponded to a top-down approach, as the
quality of flexibility shows. Yet, the regional government has been open enough to invite and involve
lower government levels and to strengthen trust. Two important examples are the platform that
allowed the municipalities and other governmental actors to provide feedback and the use of drones.
This case confirmed previous research that has characterized the governance of GD in the Flemish
region as a mixture of hierarchy and network governance [28]. Other aspects worth highlighting are
that the government actors were allowed to work together in the steering committee without the
influence of political factors that could jeopardize the final results. The active participation of provincial
governments helped to increase local participation. In addition, the participation of frontrunner cities
such as Antwerp and Gent was considered positive.
In terms of Actors and Networks, it seems that the main actors belong to the governmental
network. This level of participation has been enough to produce maps that met the expectation of
the European Commission, according to the VMM. It seems that the limited role of private actors
and the lack of non-governmental actors in the process might not be a problem in this particular case.
However, this diminishes the possibilities of creating social capital. While in this particular context,
this does not seem to really hinder the process, it can be more relevant in other contexts where there
are fewer resources or capacities. A higher involvement of academic, private, and non-governmental
actors could be key to create social capital and to deliver the expected outcome. One example of this is
the creation of GD in sub-Saharan countries [58].
When we look at the Problem perspectives and Goal ambitions, we can realize different perspectives
are taken into account. While the steering committee allows direct participation where actors can freely
provide their opinion, the online platform allowed a high level of participation and direct feedback
from the different actors. Yet, it took time to reach this level of participation and it was led by the VMM.
As the interviewed actors mentioned, the creation process was mainly top-down at the beginning,
which later evolved into a more bottom-up process. One of the reasons for this might be the strategy of
the VMM to secure the development of the project in a short time frame, which later could be refined
with the collaboration of more actors. Additionally, in some cases, certain perspectives could not be
considered due to technological or financial limitations. However, it is important to highlight that the
actors shared a common goal. This common goal seems to have played an important role to reach
agreements and to be pragmatic. Yet, considering that the maps will be reviewed every six years, it is

ISPRS Int. J. Geo-Inf. 2020, 9, 460

16 of 22

important to continue developing the channels or platforms that facilitate the incorporation of the
different perspectives.
In terms of the Strategies and Instruments, we can see that the strategy was directed by the VMM.
The different actors involved in the process acknowledge and support the use of open sources to
develop a map. This strategy can have an important impact by facilitating the participation of different
actors now and in the long-term. The use of open-source tools has been considered among the best
and more sustainable practices when developing GD [87]. It is also very interesting to see how in the
Flemish context, the development of maps at the municipal level is seen as a positive aspect by both
governmental levels. Both governmental levels take it as an opportunity to share their experiences
in order to improve their models. At the same time, this comparison provides lessons that can be
applied to other cases in the region where there are no such maps. In the same vein, the use of drones
to increase trust appears to have had a positive effect. Previous studies have identified that “a history
of successful past cooperation can create social capital and high levels of trust that produce a virtuous
cycle of collaboration” [52].
Regarding the Responsibilities and Resources dimension, we can see that the collaboration between
the different governmental levels creates a positive impact. The lead of the regional levels is respected
and supported by the lower levels. While the provincial level played a key role to incentivize the
participation of the municipal level, the municipal level engaged in the process and helped to increase
the quality of the map. Each level assumed its role in a positive manner. However, the willingness
of the actors is crucial. More resources could be considered in order to strengthen this relationship.
For example, the possibility of integrating more accurate models of cities who are frontrunners could
help to increase the quality of the map developed by the regional government. In this sense, there is
still a challenge regarding data harmonization. Similarly, more economic resources to train government
officials who are not familiar with the development of the maps could help to decrease the gap between
municipalities and support a sustainable process. This becomes even more relevant, since the objective
is to review and update the map every six years.
5. Conclusions
The analysis of the interactions in the steering committee allowed us to conduct a governance
assessment focused on the collaborative efforts of the process of sharing and developing GD and on
the role of subnational governments in GD development. By addressing these gaps, this research has
contributed to the scholarly understanding of the governance factors that support the creation of GD
in the Flemish context. To reach this objective, we asked the following research question: How does
the governance context support and hinder the creation of the pluvial flood risk map developed by the
subnational government?
Based on the results in Table 4, this research found that the governance context supported the
creation of the pluvial flood risk map through the four evaluative qualities. However, the degree of
support provided by each quality had variation. The most supportive qualities of the governance
context were extent and coherence and the least supportive were flexibility and intensity. A supportive
governance context requires a high extent and high coherence [88]. A high coherence means that
all governance dimensions are supporting and strengthening each other, while a high extent means
that there is a complete governance structure where all relevant uses and users are part of the
process [88]. In this sense, we consider that the Flemish governance system has been successful to
decrease fragmentation through the different reforms that were implemented. These reforms took place
in recent years to increase coherence and collaboration regarding GD management in Flanders [28].
There has been an important integration among governmental actors.
The qualities of flexibility and intensity are related to the “quest for control” dilemma, focused
on distrust or uncertainty against the “learning by doing approach”, which is based on trust and
understanding [89]. Through our research, we identified that the Flemish governance context for GD
is under this “quest for control” transition. This finding corroborates recent studies that identified
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a similar situation in terms of hierarchy, network, and market [28]. Based on our results, we can
conclude that the governance context still responds mainly to a hierarchical and top-down approach.
Such situation hinders the participation of local levels, mainly those whose capacities and resources
could enrich the map development further. For example, if the VMM had developed the map involving
frontrunner cities and their sewage companies since the beginning, early involvement might have
helped to include local maps into the VMM map. However, on one side, this could have slowed the
process. On the other side, this situation also shows the challenge regarding the heterogeneity in data
formats and models.
Intensity is important to achieve the intended objective of the project and it also indicates the
degree needed to move away from “business as usual” practices [89]. From our results, we can
conclude that in the steering committee, collaboration is limited. A broader involvement of private
and non-governmental actors in the future could be a possibility to increase social capital. This is
relevant considering the limitation of financial resources. Whilst at the regional level a “learning by
doing” approach seems well developed, the inclusion of other actors in this dynamic is still pending.
The composition of the steering committee exemplifies the limits of participation. While the Flemish
government was open for participation in the committee, the actors who attended were mainly those
that were not only interested but also had the capacity to attend to those meetings. These meetings
require specialized personnel who have the means to attend. Therefore, it is mainly the frontrunners
or “rich cities” who participate; in this regard, it is not surprising that Antwerp was in the committee.
It is also important to point out that the creation of the portal by the Flemish government allowed
lower governmental levels to be able to provide feedback to the developed map and this was a key
factor to increase the precision. However, in order to increase participation, a deeper involvement of
the other subnational government was required—the provincial level. The interviewed actors agree
that the creation of the committee helped to increase the quality of the map. Taking into consideration
this experience and considering governance as a social function with a social purpose [90], we can
determine that the transition to polycentric governance still requires a shift towards more balanced
modes. This is a relevant aspect, as recent research has shown that success in European Union climate
governance depends not only on the member states, but on cities and subnational actions, meaning a
shift towards a polycentric network [20].
The case study demonstrates that the subnational government can play a key role to favor the
collaboration between the different governmental levels and to develop tools for climate adaptation.
The case in Flanders also helps to exemplify the role that subnational governments can play to
contextualize European directives. The subnational governments play a relevant role when local levels
lack capacity, and they can contextualize local needs [38] by promoting platforms that encourage
collaboration mechanisms that can be tailored considering local needs.
Subnational governments can also provide a larger regional vision than local governments due to
their territorial capacities and can facilitate tools that can support lower governmental levels in their
sustainable transition. In the words of an interviewed actor, “the maps are mainly important for the
small municipalities”. This statement is aligned with recent research that has identified medium and
small size cities in terms of climate governance dependent on subnational governments [20]. It also
confirms that fewer local governments have the capacity to develop pluvial flood maps with climate
change scenarios. While in Nordic countries or in the Netherlands, some local governments have such
capacity, the large majority of small and medium size cities in Europe do not. This is important, since
research has identified that the role of subnational governments in Europe regarding climate change
governance is becoming more relevant. Therefore, the participation of the subnational governments
can be key to provide tools that can support the transition of small and medium cities. In this sense, the
Flemish case provides an example that can be considered by European governments in countries where
territorial planning competencies are entrusted to subnational entities, such as regions or autonomous
communities [91]. Among these countries are Spain, Italy, and France [91].
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Yet, some challenges still require further studies, such as the adoption of the maps by small and
medium size cities in urban development, and to plan and develop blue-green infrastructure projects
is to be seen. Some issues regarding data harmonization are still present, while the development of
trust needs to be continued. Therefore, we recommend future research to focus on how to address
those challenges and on assessing the impact of this map in terms of planning and climate change
adaptation projects at the municipal level. We also recommend similar studies in more hierarchical
and more polycentric governance contexts in order to have a deeper understanding of the role of
the governance context in the creation of GD. This could be in contexts where there is not a steering
committee or where committees have the capacity to be more inclusive.
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