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ABSTRACT

Urban areas are hot spots of flood risk due to how urban development concentrates people and assets into hazard
prone areas, reinforcing negative externalities on the welfare of urban residents. Mitigating flood risk in urban
environments, however, is challenging. This is not only because the process generating flood risk is complex, but
the objectives of city planners, residents and/or developers are also multi-faceted. Therefore, there are various
trade-offs to be considered. One such problem across many areas of Europe and beyond is how to regenerate
declined urban areas, to improve the welfare, prosperity, and image of the city. However, in turn, many areas
within these cities will see this activity being traded-off against increased flood risk. Cost-benefit analysis rep-
resents a useful approach for assessing this trade-off, as a decision-support tool. In this paper we present an
exploratory cost-benefit analysis of a potential urban regeneration project within the city of Usti nad Labem
(Czechia) that seeks to highlight the potential magnitude of such trade-offs that need to be more often actively
considered as a core, rather than peripheral, element of urban regeneration. We present an exploratory frame-
work that can be expanded upon and integrated into wider regeneration visions.

1. Introduction

Natural hazards pose a large threat to human society. For instance, in
2018 alone there was a total direct loss of €114bn, which was above the
inflation-adjusted overall loss average of €100bn between 1988 and
2018 (Munich Re, 2019). Out of the range of natural hazard events,
hydro-meteorological events (e.g., storms, flash floods, riverine floods)
accounted for 82% recorded events and 72% of recorded monetary
losses in 2018 (Munich Re, 2019). Within this set of natural hazards,
flooding accounted for 40% of all-natural hazard losses since 1980, with
a total global loss greater than €0.71tn.! Moreover, the threat from
flooding is expected to increase due to a combination of climate change
and the increasing exposure of socio-economic assets (IPCC, 2012, 2014,
2018, 2022). Therefore, it is important to note that floods cause such
losses because of human behaviour (O’ Keefe et al., 1976; Kelman, 2020;
Chmutina and von Meding, 2019). The threat from flooding can be
summarised as the product of three elements: hazard (the flood),
exposure (what can be lost), and vulnerability (susceptibility to loss)
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(Kron, 2005), and for floods to negatively impact society each of the
three elements must be present. While the hazard element is to some
extent beyond human control, the exposure and vulnerability elements
are not. They are the direct result of human decisions at various stages of
planning and action. For instance, exposed assets and people have been
increasingly present in floodplains (Jakubinsky et al., 2021) due to the
aesthetic and commercial benefits provided by them. Moreover,
vulnerability is present as residents in floodplains are not fully protected
against flooding because of behavioural heuristics within adaptation
decision-making or that adaptation is not seen as cost-effective (Kuh-
licke et al., 2020).

Human activities as the prime cause of flood impacts are most
apparent in cities (Kaspersen et al., 2017). In an urban context, the
exposure and vulnerability to floods develops a specific character. This
is particularly the case of old- and post-industrial cities, which face a
range of problems due to changing socio-economic conditions, such as
population, economic, and institutional decline (Turok et al., 2007;
Angel et al., 2011; Haase et al., 2013; Raska et al., 2019). The decline

1 Original values in US dollars are $136bn, $119bn, and $0.85tn, respectively. Values were converted to Euros using an exchange rate of 1 USD = 0.84 EUR as of
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leaves along a number of unused residential and industrial buildings that
undergo physical decay and imply environmental, economic, and social
degradation of the areas (Rumpel et al., 2010). From an urban design
perspective, a commonly suggested solution to urban decline are
renewal or regeneration policies to revitalise abandoned sites and
enhance local communities, e.g., through the redevelopment of
brownfield sites (Pizzol et al., 2016; Bosak et al., 2018). However, such
actions often do not consider possible effects on Flood Risk Management
(FRM; Haase, 2009) and they, in fact, may induce changes in both local
and the city-level patterns of vulnerability and exposure leading to
conflicting impacts on flood risk and overall city health. Since the
location close to the waterfront was among the main factors in estab-
lishing the industries as well as residential zones in the past, there is now
a considerable share of the declining sites in flood-prone areas in some
old- and post-industrial cities. In this respect buildings that underwent
decay and are now intended for regeneration may still amplify hydraulic
effects of flood waves in urban floodplains and pose a risk of contami-
nation from polluted sites during overflows, while - in addition - the
decline of social, economic, and institutional strength in old- and
post-industrial cities also negatively affects the capacities for FRM.

It is therefore important to consider how the urban regeneration and
FRM approaches interact with each other. The concepts of integrated
FRM and risk governance indicate that a regeneration policy should take
potential flooding impacts into account (Haase et al., 2014). This com-
bined policy strategy should aim to limit the potential long-run impacts
of operating in flood-prone areas. There are a range of activities that can
be employed based on risk avoidance (not developing in flood-prone
areas), risk reduction and mitigation (undertaking actions that lower
risk to those in flood-prone areas), and risk transfer (financing losses so
that those impacted can recover). These different actions have been
widely studied in the academic literature. For example, Poussin et al.
(2012) and Koks et al. (2014) investigate how spatial planning or
adaptation can limit negative impacts. Hudson et al. (2014), Bubeck
etal. (2012), and Attems et al. (2020) investigate various ways in which
flood vulnerability can be reduced through property level protective
measures. Finally, insurance is often considered to be the representative
mechanism of risk transfer (Poontirakul et al., 2017; Thistlethwaite,
2017; McAneney et al., 2016; Paleari, 2019).

We argue that both urban regeneration and FRM are complex
problems with similar considerations when framed within the concept of
zoning. Hudson and Botzen (2019) note that zoning can successfully
reduce the impact of flooding on society. The success of policies aimed at
changing land-use or spatial adaptation concerns correspond to a spatial
turn in flood risk management (Hartmann and Spit, 2014). These pol-
icies aimed at limiting flood impacts can alter the rate of development in
flood-prone areas, introduce building codes to reduce vulnerability,
convert built up areas to nature altering the hydrological outcomes,
relocate buildings, and raise public awareness (Botzen et al., 2019;
Burby et al., 2001). Therefore, these policies can act on all three ele-
ments of the risk equation jointly while boosting resilience as society is
better able to withstand flood impacts even if the absolute risk has
increased. Moreover, land-use or planning regulations can also have
other benefits, for example, by improving the local environment (Hud-
son and Botzen, 2019). Due to the extensive nature of potential planning
regulations, they can also have substantial negative impacts, however.
These negative impacts can accrue from placing economic activities in
sub-optimal areas, there are costs associated with relocation, increased
awareness creates greater senses of unease, or the reinforcement of so-
cial inequalities if marginalised groups are not considered during the
decision-making process, for example. Moreover, these difficulties and
conflicting impacts lead to potential conflicts across different stake-
holders within this sphere of operation. For example, Golnaraghi et al.
(2020) notes that in both the UK and Germany flooding impacts should
be considered when considering new development projects, however
political priorities reduce the capability to do so. Slavikova et al. (2019)
revealed that in small Czech municipalities similar problems occur.
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A potential way of easing this conflict is by considering each element
of a development project as providing a range of benefits that outweigh
the potential increased flood impacts. These different elements can also
reflect relevant priorities as land is not used for a single purpose.
Therefore, regeneration projects should reflect these different potential
outcomes, while reflecting the range of socio-environmental in-
teractions. One method of doing so is through a cost-benefit analysis
(CBA), which is a predominant approach for evaluating decisions within
climate and disaster risk management, due to the necessary consider-
ation of where to invest limited funds that have fungible uses.

CBA involves aspects of positivist thinking, however. Allmendinger
(2002) argues that planning theory has moved into a post-positivist di-
rection as planning is not a technical process but, rather, is a normative
process (Allmendinger, 2002). As such, the methods employed must be
placed within the socio-political context in which they are developed
and applied. Allmendinger (2002) argues that because of this recogni-
tion planning theory has moved towards using conceptual tools that are
collaborative and participatory in nature (Rydin, 2007; Dobrucka, 2014;
Hartmann and Geertman, 2016). This pattern of evolution shares simi-
larities with the paradigm shift within disaster risk management that
seeks to strike a balance between hierarchical and interactive disaster
management based on the inclusion of stakeholders and citizens in
decision-making (Hartmann and Driessen, 2017; Hartmann and Spit,
2016). The commonality between these two fields is unsurprising given
how the process generating disasters is a process as complex as that
governing the needs of urban planning. A further commonality between
the fields is that “wicked problems’ or complex problems must be
addressed as Hartmann (2011, 2012) shows. A wicked problem is a
complex problem whereby potential solutions can be defined as one that
is ”good outcome” and a “bad outcome” based on a normative under-
standing of potential outcomes. This introduces a large degree of addi-
tional uncertainty and complexity into decision-making (Hartmann,
2011). The management of such problems requires a deliberative pro-
cess, a requirement that both planning and disaster management share
so that problems and solutions can be framed, proposed, and evaluated.
A CBA is fundamentally a deliberative decision-support tool (Mechler
et al., 2014), or as a venue for aggregation and contestation (Hockley,
2014) rather than being the final indication of whether a project or in-
vestment should move forwards. This is because it requires active
engagement with those who will be impacted to understand what
changes are to be valued, whose values get counted and what does not, it
involves the transparent description and presentation of what is
considered a “good outcome” and a “bad outcome”.

Therefore, while the conceptualisation of decision-making theories
and processes appear to be different in planning and disaster manage-
ment, both are reliant on decision-support tools that should embrace
deliberative and participatory processes to make sure that correct
normative and social underpinnings and validity are generated. In this
vein, Hudson and Botzen (2019) review the literature presenting a
cost-benefit analysis of flood risk management zoning policies (i.e.,
land-use changes undertaken primarily to reduce flood risk). They find a
total of six studies focusing on this topic, with a mean benefit-cost ratio
of 1.65 growing to 2.2 if only high-risk areas are focused upon. This
indicates that these policies could play a useful role in flood risk man-
agement. However, the limited number of studies identified by Hudson
and Botzen (2019) call for more research to gain a more complete un-
derstanding of how zoning policies act as part of the portfolio of FRM
mechanisms. Notably, it must be recalled that while CBA is often used to
study if an investment or project should go ahead, its true value is as a
decision support tool. This is because it forces information to be
collected, presented, and evaluated in a systematic manner. Undergoing
the CBA process, especially in a stakeholder-led manner, produces a
learning process. From this it is possible to develop bridges across the
two research communities of FRM research and urban planning, as
urban planning is argued to need a stakeholder-led process to underpin
its decisions (Rydin, 2007; Dobrucka, 2014; Hartmann and Geertman,
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2016).

Within this research context we seek to extend this limited literature.
This is achieved by studying a sub-element of an urban planning strategy
that is envisioned for the city of Usti nad Labem in north-west Czechia.
Usti nad Labem is a post-industrial city, facing issues with depopulation
and abandonment of several sites. This has resulted in the city and local
community developing a vision plan to regenerate the city based on
exploiting the potential of several urban brownfield areas. However,
several of these brownfield sites are in flood-prone areas producing a
potential trade-off to be considered. To construct this initial exploratory
analysis, we develop four potential strategies to better understand the
policy portfolio available to flood risk managers and urban planners who
should jointly act to optimally generate social welfare. Moreover, in
conducting an initial exploratory CBA of this policy portfolio we add
policy relevance to the findings of this study by highlighting how
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considering flood risk in regeneration strategies can and should be done
as a central element of the development process despite the limitations
faced. Therefore, this paper starts from a hypothetical situation as an
initial starting point without wider societal engagement as a demon-
stration of the value of the concept to aid in decision making.

2. Data and methods
2.1. Study area

Usti nad Labem (Fig. 1) is a post-industrial city affected by structural
changes in traditional economic sectors, which is echoed across many
regions of Europe and beyond (Krzysztofik et al., 2016; Trippl and Otto,
2009). Located in north-west Czechia, Usti nad Labem experienced in-
dustrial growth becoming one of the industrial cores before the second
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world war and during the former communist state between the
1950-1980s (Raska et al., 2019). However, the fall of communism in
1989 led to rapid changes, resulting in a loss of 8% of its inhabitants as
compared to 1991 census due to a range of negative environmental
conditions (e.g., air and water pollution, poor condition of physical
infrastructure), the decline of privatised industries (Rumpel et al.,
2010), and liberalisation of the labour market supporting migration
within the country. These factors have led to the decay of both resi-
dential and industrial sites across the city (Raska et al., 2019).

The core study area is an industrial complex on the left bank of the
Labe (Elbe) River, which has undergone several different commercial
usages and ownership changes. Multiple buildings in the immediate area
have remained abandoned for many years. This has a negative impact on
their current quality once the threat posed by flooding is accounted for,
such as the major flood in 2002 which was felt across a wide part of
central Europe (Becker and Griinewald, 2003). To help prevent further
decay, the Usti nad Labem city authority has attempted to attract new
investors despite the flood risk potential (Bergatt Jackson et al., 2010;
Usti nad Labem city authority, 2015).

This can be taken as an indication of the relatively low priority that
intermittent but potentially devastating flooding is given compared to
more immediate and tangible problems in urban planning decisions.
While some private companies and officials have declared that there are
barriers to development and they do recognise flood risk as a consid-
eration, it is given a lower priority as compared to the perceived benefits
of redevelopment (Weissova, 2013). Raska et al. (2019) note that the
presence of flood risk should limit the options for the development of the
area. This is unless active flood risk adaptation and protection are in-
tegrated into any proposed development. In turn, multiple issues should
be addressed in parallel rather than fragmented manner.

2.2. New zoning regulations and land-use change for urban regeneration
and scenario development

Our aim is to show how urban renewal and FRM concerns can be
integrated together through a social CBA. This is because conducting a
CBA from the perspective of a socially orientated urban planner, the
resulting process seeks to balance the competing FRM and urban
regeneration welfare implications. To conduct such an analysis, a
comprehensive set of impacts need to be studied so that all the relevant
impacts over a relevant time are considered. This is relevant as the CBA
attempts to organise and compare positive and negative welfare impacts
to determine if there is an overall welfare improvement for society.
However, it must be noted that while a CBA analysis should be
comprehensive, there are various data and resource limitations. Once
the analysis begins some aspects can be better evaluated than others.
Therefore, we focus on what can be most reliably worked with as a
starting point to indicate what knowledge gaps must be filled. The
remaining elements are discussed as a qualitative addition to the mon-
etary focus of this paper to address this trade-off in data quality. As such
our study acts as an indicative element of how flood risk can impact
regeneration projects as part of the city’s wider regeneration vision
given the prominence of the Labe (Elbe) river in the city. This can be in
terms of how we design the buildings to be developed or if the invest-
ment represents a net loss to the city’s overall welfare. In doing so, we
place the impacts of flooding as a core element of the planning process,
which may otherwise be neglected in the favour of more immediate
political objectives. This is an important consideration because, at its
core, urban (re)development wishes to generate the highest net increase
in overall city welfare.

The conceptual basis of our study is a thought experiment, conducted
solely and independently by the authors, relating to the regeneration
vision of the city government while considering FRM. The regeneration
vision reflects the goals of development strategy in the city (Usti nad
Labem 2015-2020). The strategy aimed to redevelop and reuse some of
the brownfields to reach a share of 3% of the city, compared to 11.7% in
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the early 2010s (Usti nad Labem 2015-2020). Several such areas within
the Usti nad Labem are in flood prone areas. We focus upon one of these
potential sites which due to its location alongside the River Elbe can be
regenerated as either new/refurbished apartments or as a riverside park
area. These avenues are popular regeneration scheme components (e.g.,
Alpopi and Manole, 2013 or Newton and Glackin, 2014). It is assumed,
independently by the authors, that each site action is part of a wider
strategy to attract and maintain new residents. Therefore, following our
assumptions there are 4 possible outcomes as shown in Fig. 2 combining
various degrees of built-up and urban greenery development. This
analysis is conducted at a parcel level as there can be optimal patterns
for development and FRM when looked at individually (Kousky et al.,
2013), which could allow for a more efficient programme overall. This
site has been selected as the research team has conducted extensive
research on this area of the city in relation to flooding in previous pro-
jects. This allows the analysis of the thought experiment driven sce-
narios to be empirically based on the research team’s expert knowledge
of the case study area, use of local data, and transferring relevant values
from the wider scientific literature (e.g., summarised by Machac et al.,
2019). However, the categorisation and selection of benefits and the
assumptions required to drive the analysis were selected by the research
team independently of the city government and local community.
Therefore, the study provides a starting example of such a project, which
if to be implemented must be expanded into a more in-depth partici-
patory process involving local stakeholders and policymakers in the
development and further refinement of the normative underpinnings of
the study. Following an increasing perspective that both FRM and urban
planning needs a large degree of social engagement. However, for our
initial scoping exercise this is based on the principle of proportionality
and as such is not immediately required.

The rationale for this approach is to model how to consider FRM
needs when designing urban regeneration strategies or visions. There-
fore, we do not directly include the current status quo situation into the
analysis for several reasons. The first is as a simplification of the analysis
of a potential sub-set of an overall regeneration vision to raise awareness
of the potential impacts and the automatic inclusion of actions against it.
While there is a regeneration vision for the city, it is not solidly deter-
mined and extends across several parts of the city which have less reli-
able data and assumptions. Thereby focusing on one future looking
aspect of the regeneration vision we can suitably simplify the situation
to study with the resources at hand. However, this is at the expense of
being truly able to evaluate if such a regeneration vision brings an
overall increase in benefits to society. This would require a more
comprehensive analysis than our preliminary indicative one. Therefore,
we test which combination of developments provides the highest return
on the assumption that the project will happen if at least one of the
scenarios returns a sufficiently high benefit-cost ratio (BCR). This work
can provide the basis of a future more in-depth study of the wider im-
plications of regenerating flood-prone urban areas, within which a wider
range of local stakeholders and policymakers must be included. The
second rationale is that while there can be guidelines and regulations
organising how urban developments can take place, its decision process
is still fundamentally driven by local political pressures and concerns.
An independent analysis at this step can thus provide new impulses for
future development and support the discussion about different options
and scenarios. Therefore, we have effectively assumed a positive deci-
sion to regenerate but not the direction in which it will develop.

2.2.1. Urban development

We assume that for this project there is a single model apartment that
will be developed in both sites to reduce the complexity of the analysis.
The Southern site is currently the most developed and sets the pattern
for the other site in terms of architectural design and footprint.

Southern site: According to the cadastral records available the entire
site covers an area of 21,192 m?. The site currently contains 6 separate
buildings that can be converted. In total these 6 buildings cover an area
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North Site (currently 'undeveloped')

South Site (currently 'developed')

Scenario 1: Urban regeneration development

North Site: Development of a new apartment housing estate

South Site: Refurbishment of current buildings into separate
apartments

Scenario 2: Mixed use development A

North Site: Development of a new apartment housing estate

South Site: Removal of current buildings and replacement with
nature areas

.I]

9
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Scenario 3: Mixed use development B

North Site: Development and enhancement of nature area

South Site: Refurbishment of current buildings into separate
apartments

Fig. 2. The four possible regeneration scenarios developed.
(Source: authors).

Type Item (bold for which we have data, other
left for discussion)

&0l

Scenario 4: Urban park development

North Site: Development and enhancement of nature area

South Site: Removal of current buildings and replacement with
nature areas

Scenario 1 Scenario 2 Scenario 3

5 s o

Scenario 4

South
(refurbish)

North South North South North
(develop) (nature) (develop) | (refurbish) (nature)

South North
(nature) (nature)

(1) The flood risk flood impact (tangible)
flood impact (intangible)
saved resources for flood emergencies

(2) Building values construction (incl. green spaces between
buildigs)

refurbishment (incl. green spaces
between buildigs)

demolition

park development

(3) Flood-proofing flood proof basement

windows openings

waterproof cellar using bitumen sealing
AquaFence

(4) Externalities water pollution

increasing pollution from traffic (CO2***,
noise)

loss of jobs (aggregate economic loss) by
turning commercial buildings into flats

image of the area

(5) Potential multiplier aggregate multiplier effect of new
effects of new residents |residents

public services costs (traffic, schools,
sewage ...)

(6) Ecosystem services** |runoff regulation
microclimate regulation
aesthetic value
recreation

biomass production
biotope formation

o+ o+ o+ o+

o+ o+ o+ o+ o+

o+ o+ o+ o+ o+
o+ o+ o+ o+ o+

(7) Benefits from selling  [sale prices
the flats

local taxes

- A cost item
+ A benefit item
A N/A item or no change

Fig. 3. Classification of impacts considered; items highlighted in bold are ones that can be quantitatively included in the analysis.

(Source: authors).
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of 11,077 m% Moreover, each building contains multiple stories
(ranging from 2 to 4), increasing the effective potential living area. It is
assumed that 85% of the available space on each story can be converted
into apartments which are assumed to be 80 m? in size on average. This
set of assumptions creates an estimated 359 new apartments, with an
expected 1076 new residents (on average 3 per apartment). There would
be approximately 118 ground floor apartments that are exposed to
flooding. This scenario leaves an area of 10,115 m? that can be con-
verted into urban park land and other surfaces.

Northern site: This site is bare land that can be developed in new
apartments. The total size of the area is calculated to be 33,937 m? ac-
cording to cadastral records. Following the same overall building design
as in the southern site, this produces 574 new apartments with 1723 new
residents. This leaves 18,872 m? available for conversion into parkland
or other surfaces. In this development there would be about 188 ground
floor apartments that are exposed to flood risk.

2.2.2. Nature development

This development project involves the demolition and removal of
any old and partly abandoned buildings currently on the site, followed
by an investment in developing suitable parkland. This is based on work
developed and presented in Machac et al. (2018) and Machac and Louda
(2019). In both cases a neglected area in Czechia (in Brno and Plzen) was
transformed into a park. In the case of Plzen the park was established in
a former horticulture area located in a flood-prone area. Four wetlands
with flood retention capacity were built in the park, therefore the park
provides both recreational and flood protection services (Machac and
Louda, 2019).

2.3. Conceptual approach to benefit classification and inclusion

After the creation of the scenarios, a wide-ranging inventory of all
possible benefits and costs from the above projects were considered.
Benefits and costs were classified according to their potential social,
environmental, and economic impacts. Based on expert knowledge of
the area, it was then discussed out of this set of potential impacts, which
were the most relevant and plausible that should be considered in the
analysis given the specific local context. These discussions lead to the
classification scheme presented in Fig. 3. There is a further classification
into costs (pink), benefits (green), or not applicable/no expected change
(yellow) within a given scenario. Once this set of most important factors
was developed, further efforts were placed in discovering which impact
categories could be reasonably measured as part of our scoping objec-
tive. This was a required step due to a range of data and resource limi-
tations, which meant that only the most reliably measurable impacts
should be included in the calculations. These categories are highlighted
in bold text. This step was taken as there are open questions regarding
whether it is better to provide some number or no number given the
inherent uncertainties in the methods and data used to calculate that
value. These steps reinforce the indicative nature of this analysis which
can be used as a basis of future more in-depth studies or a comprehensive
regeneration plans/vision.

2.4. Time horizon and discounting

The central time horizon considered is 30 years roughly matching the
expected lifespan of the flood-proofing measures. Due to the time
dimension of certain impacts, it is required to discount estimates into a
present value (PV). The European Commission recommends a 5% social
discount rate for projects in Czechia, while the Czech government uses
4%. We use the more conservative value of 5%.

2.5. CBA calculations

2.5.1. Flood risk and flood-proofing
One way to act upon flood risk through urban planning and land-use
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management is to limit the generation of new flood risk as much as
possible. Therefore, it is assumed that an integral part of any develop-
ment taking place in flood-prone areas, which cannot be avoided, will
have to meet certain protective standards to mitigate flood risk. The
adaptive measures considered are structural measures that can be inte-
grated into new constructions, which is often cheaper than retrofitting
(Kreibich et al., 2015), and do not have to be actively employed by the
owners to prevent damage. The mandated adaptation consists of:
Flood-proof ground floor windows openings, waterproofing with
bitumen sealings, and mobile flood barriers (i.e., Aquafence). These
measures are considered from the review presented in (Attems et al.,
2020), and selected based on expert knowledge of what was suitable and
available for the site under study. The combination of measures
considered, led to the assumption that they successfully prevent all
damage from a flood until the flood water height reaches 1.2 m
(designed height of the protective measures), after which the measures
do not prevent damage due to overtopping. This is drawn from standard
assumptions in flood risk management (e.g., Saint-Geours, 2012; Kel-
man and Spence, 2004; Nadal et al., 2010).

Local data indicates that an inundation height of 1.58 m will be
reached with an annual occurrence probability of 1%. However, we do
not have clear data upon which the 1.2 m threshold is exceeded.
Therefore, we shall assume that it is exceeded with an annual probability
of 3% based on the observation that in the past 100 years there have
been 3 major floods reported in the study area (Raska et al., 2019) that
could plausibly overtop the installed barriers. While climate change is
important, we cannot directly account for it in our study due to un-
certainties in its effects on overall flood risk at such a local scale.

To determine what flood damage can occur, we consider both
tangible and intangible losses. The tangible flood losses (i.e., damage to
the building or contents) is based on an absolute value of potential
contents and building damage that assumes that once the flood defences
have been exceeded a loss of 100 EUR/m2 (Huizinga et al., 2017) is
inflicted. Each ground floor apartment is designed to have an area of
80 m2, implying a tangible loss of 8000 EUR. The upper floors are
considered as safe from potential tangible flood damage. Intangible
impacts are also considered as CBA is based on a utilitarian welfare
basis, which means we should aim to account for a range of welfare
impacts. This is particularly relevant since floods cause long lasting
human impacts in terms of health or emotional impacts, which is a
further reason for not developing in floodplains unless it cannot be
avoided. However, compared to tangible monetary impacts intangible
impacts are more difficult to evaluate and include in a CBA. A starting
point for including intangible impacts is from Hudson et al. (2019) who
note that in France intangible welfare impacts may have been twice as
large as tangible impacts. Moreover, they also find that you do not need
to be directly impacted by a flood to suffer welfare losses if you had seen
your ground floor neighbours flooded. This impact was valued at
roughly one third of the overall welfare impact of those immediately
flooded. Therefore, we rescale tangible flood losses to account for this
assuming a final one-off impact on the present value of tangible flood
risk.

Therefore, when the northern site is developed, the total PV of flood
impacts with a 5% discount rate and a 3% occurrence probability is
3,531,580 EUR over 30 years. When the southern site is developed it is
associated with a flood impact PV of 2,211,585 EUR over 30 years.

2.5.2. Flood-proofing costs

The flood-proofing costs are based upon Attems et al. (2020). The
flood-proofing employed assumes that any new construction in a
flood-prone area should have comprehensive packages of measures that
aim to mitigate as much flood damage as is physically possible. There-
fore, the package of measures included altering windows to be more
flood resilient (requiring 4 per ground floor apartment), dry
flood-proofing of the ground floor (based on surface area), and
employing fences (e.g., based on the AquaFence) around the perimeter
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Table 1
Cost structure of the employed package of adaptation measures per site in EUR.

Developed or converted buildings

South North

Windows (1 per window on the ground 450 x (118 x4) 450 x (188 x4)

floor)

Sealing ground floor with bitumen 465.10 x 465.10 x
(9415 m2) (15,065 m2)

Flood-proofed walls 350 x (582 m) 350 x (737 m)

Total cost 4,849,267 7,603,082

Notes: calculations are as follows — (cost per unit of the measure) x (number units
per flat required or surface area required).

of the building.

The estimated cost structure is presented below in Table 1. These
costs assume that each window on the ground floor will be protected, as
will the entire surface area of the basements, and a flood resilient walled
perimeter for each site. This package is required to correctly simplify the
flood risk aspect of this study, into its binary situation for it to be
trackable for the analysis.

2.5.3. Building values

New construction: The value of construction is determined as the
product of the following values. The total size of the area in metres; the
2020 average building costs (without profit margins) per 1 m? for
recently constructed/designed similar flats included other costs e.g.,
parkland (i.e., 2015-2019) in 3 Czech cities multiplied by 80 (the size of
the apartment).

Refurbishment: This is determined by taking the number of potential
apartments and multiplying it by the size of the apartments (80 m?) and
the average price of new apartments (new construction) and multiplying
it by coefficient of addition costs 1.4, which is the average value of the
additional costs of refurbishment in comparison to new build con-
struction costs. The additional costs of refurbishment are about 25-50%
of the new construction in Czechia, and in comparison to similar projects
these costs are about 40% higher.

Demolition: The total area of the building was multiplied with the
average cost of demolishing a building per 1 m?. This was calculated by
taking the average cost as presented in Pomajbikova (2012) and
Kvasnica (2017), and then adapting this cost to the buildings currently
present at the site.

Park development: This is determined by taking the product of the
total area of the converted to park land and similar surfaces in the tar-
geted site and multiplied by the required investment per m2 as identified
for a similar project in Machac et al. (2018) and Machac and Louda
(2019) See (Table 2).

2.5.4. Potential externalities

There are several potential externalities that could occur (outside of
changes in flood risk). The most important potential externalities iden-
tified are water pollution; increased pollution from traffic (e.g., CO2,
noise), change in employment, alterations in the area’s image outside of
the ecosystem services altered.

These factors are important to consider, but we were unable to
reliably estimate or evaluate them. Therefore, they have been excluded
from the monetary analysis, but they will be considered in the qualita-
tive considerations section. The change in the area’s image, however, is

Table 2
Construction values for the possibilities across the two sites in EUR.
South site North Site
Construction (incl. green spaces between buildings) n/a 53,096,577
Refurbishment (incl. green spaces between buildings) 46,568,519 n/a
Demolition 2,286,962 n/a

Park development 149,430 239,299
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a relatively more nuanced aspect. This is because this paper is con-
ducting an indicative analysis of a sub-element of an overall regenera-
tion vision, which changes the image of the city. Hence, part of the focus
on introducing nature or park areas where possible as part of these de-
velopments. The ecosystem services that provide at least one aspect of
this policy are indicated below. Though, wider changes are left to
qualitatively understand.

2.5.5. Multiplier effects

In scenario 1 there is a potential influx of nearly 3000 new in-
dividuals divided into 933 households to the area, who are assumed to
migrate into the city from elsewhere in the region. In 2018 (before the
covid-19 pandemic) the average consumption expenses of Czech
households were on average 371,223 CZK per year (CZSO, 2019) or
about 14,300 EUR per year. This potentially presents a large boost to
spending within the local economy of Usti nad Labem city, of potentially
about 13,321,205 EUR if 100% of this new consumption spending is
spent within the city and both sites are developed. This in turn could
create a new surge of business and employment opportunities across the
city to best exploit this new opportunity. However, information on po-
tential multiplier effects from this expenditure are uncertain and depend
on many new aspects of the local conditions and can therefore be hard to
transfer from one region to another. Therefore, we limit our analysis of
this aspect by only considering what happens if 50% of this new po-
tential consumption expenditure was spent and remains within the city
and can be considered as a direct benefit within the presented frame-
work. We undertake this simplified approach because while there is a
limited literature on the value housing development multiplier effect, it
is a complex value that requires knowledge of economic growth within
its wider cycle, density of population, consumption patterns, how in-
come remains in a city (e.g., see Ladd, 1994 for a discussion). Therefore,
we elect to keep it simple as providing information on many of these
topics is beyond our scope. Moreover, using existing multiple values
would require a value transfer argument, which requires we take such a
value from a similar area to Usti nad Labem. Otherwise, the inherent
uncertainty and resulting measurement error would reduce the useful-
ness of the value used.

However, the new influx of people and the economic potential they
represent also requires additional infrastructural development. The
main avenues required are a potential increase in schools (at all levels).
The largest expenses not already included in the construction costs that
can be reliably estimated are that new bus stops and public trans-
portation will be required (estimated at 0.6 million CZK; 23,076 EUR)
and an expansion of local pre-school facilities estimated at 0.5 million
CZK per year per child (19,230 EUR). If the local population’s age
structure remains roughly intact as at the start of the project, there
would need to be suitable places for about 82 new children between the
ages of 3 and 5. This produces a PV cost of 15,562,571 EUR regarding
the northern site, and 9,664,871 EUR for the southern site.

2.5.6. Ecosystem services

Based on expert knowledge of the area the following ecosystems
services were considered as the most relevant, as shown in Table 3:
runoff regulation (bringing an annual benefit); microclimate regulation;
aesthetic value (considered as a one-off benefit); additional recreation
benefits; annual biomass production; biotope formation. Out of these
core ecosystem services considered only two can be reliably calculated:
runoff regulation and aesthetic values.

Annual runoff regulation influences flood risk as it affects the
drainage potential of the area. If the area helps to attenuate runoff, it
may help to minimise the impacts of flood events. Natural areas posi-
tively influence runoff regulation and provide positive ecosystem ser-
vices for the CBA, while developed areas due to the presence of sealed
services usually worsens the runoff regulation potential of an area and
represent a negative impact on runoff regulation potential. Our core
assumptions in estimating a value for this ecosystem service are as
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Table 3
Ecosystem-service valuation for the possibilities across the two sites in EUR.
Scenario 1 Scenario 2 Scenario 3 Scenario 4
North South North South North South North South
runoff regulation — annual (Converted into present value) -32,771 0 -32,771 +54,131 +30,760 0 +30,760 +54,131
aesthetic value - one time 0 0 +2,654,820 +2,328,426 0 0 0

follows: no green roofs, no usage of rainwater in houses for example for
toilets etc; all unevaporated, un-infiltrated rainwater goes into the
rainwater sewer. We then used the approach presented in Machac and
Louda (2019), which is that a value can be produced by assuming that
water from these roofs is valued at 10 CZK/m?>.

For the aesthetic values, it is assumed that its value occurs when a
nature area is located next to an urban development. Therefore, this
value occurs in scenarios 2 and 3. Therefore, it is assumed that it is an
effective surcharge of 5% of the value of the neighbouring developed
area. This represents in effect the expected PV of nature benefits. This is
likely to be an underestimate of the aesthetic values as there is the po-
tential for the entire city to enjoy the amenities provided. However, in
our limited application, this source of uncertainty may be reduced
because of the relatively limited area converted and its location within
the wider city.

2.5.7. Benefits from selling a property

One of the main benefits from developing property in a former
brownfield site is the potential income from selling the newly developed
property. From the perspective of the social planner and developer,
there is the one-off benefit from the sale of the property and the on-going
generation of local property taxes.

Property sale values can vary dramatically property to property, time
of year, economic conditions (e.g., significant increase during the covid-
19 was observed in Czechia), etc. However, from multiple sources we
can assume that a plausible range of values is between 17,000 and
35,000 CZK per m2 (654-1346 EUR). Therefore, to account for this
uncertainty these values will be used as the mid-point of these estimates
(999 EUR).

In terms of the total taxes per year, this can be estimated as 4 CZK /
m? for each property owner, while the parcel tax per year is 2 CZK / m?2
paid annually for built-up and non-built-up parcels by ownership cor-
porations. Therefore, it can be assumed that this is a total tax revenue of
6 CZK (0.23 EUR) per m?.

For both categories, we assume that new developments will be sold
and occupied for 30 years. This produced a total value of 45,897,892
(North) and 28,692,613 (South).

3. Results and discussion
3.1. Results
3.1.1. Quantitative outcomes
Once all the relevant costs and benefits for a given scenario have
been converted into their present value (PV) in constant EUR values, we

can aggregate them to produce a benefit-cost ratio (BCR) for each site for
a given scenario, and the scenario overall. The outcome of this

Table 4

quantitative outcome is presented in Table 4.

In terms of costs the largest source of costs is the construction of the
buildings at about 85% of total costs quantified, while the net-flood loss
and adaptation costs account for the remainder. Flood costs in this
respect are the smaller contribution because of the degree to which the
mandated precautionary measures are in relation to the expected flood
depths and occurrence probability. The largest source of benefit is the
expected influx of consumption expenditure. Therefore, a core step
forwards will be to better understand how the influx of new residents
will create economic ripple effects throughout the city.

The best scenario is the one with the highest average BCR across both
sites if both are at least 1. Therefore, from the values presented in
Table 4 it appears that the mixed development scenario 3 is the most
appropriate as it generated the highest parcel average BCR, standing at
5.49. This is where the northern site is developed into a nature park, but
the southern site is refurbished once the buildings have been sufficiently
protected against flooding. It is judged as the average Parcel BCR rather
than the sum of the total benefits as compared to costs of a scenario
because of the quite different scales of the investment across the
development subsets. Table 4 indicates that for scenario 2 the nature
action costs is only 3% of that of the development costs with a similar
ratio of benefits, for example. Therefore, if the scenarios were consid-
ered purely as a sum across the sub-elements, the numerical gravity of
the development scenario would dominate. Therefore, we argue that it is
wiser to look at the average BCR to account for this. A further relevant
consideration is that it must be noted that the unrounded BCR of the
Southern site is slightly higher under Scenario 2 than 3 (1.112 vs. 1.106)
even if they round to roughly the same number. Therefore, once the
potential uncertainties and limitations are considered, the difference
between refurbishing or naturing the southern site is unclear. Unless it is
considered in relation to nature benefits provided by not developing the
northern site which is currently relatively undeveloped and should
remain so. Therefore, the implication for urban renewal in this case is
that a flood-prone developed brownfield site might be better suited to
redevelopment and suitable retrofitting when neighbouring less devel-
oped brownfield sites are converted to nature areas. However, the in-
dividuals who move into the area, would also be required to be made
aware that they are at risk to make informed decisions.

We further explore what degree of changes would be required to
change the BCR’s above 1 to below 1, as listed below, to act as a
sensitivity analysis:

e Developing the northern site: For the BCR to become smaller than 1,
it requires one of the following changes: only 26% rather than 50% of
consumption expenditure to remain within the city; Flood risk to
increase by 1000%; Construction costs to increase by 60%; Adapta-
tion costs to increase by 420%. Overall, these factors are rather

Overall cost-benefit analysis results in constant EUR (rounded to two decimal places).

Northern site

Southern site

Aggregated PV of Aggregated PV of Benefit cost

Aggregated PV of

Aggregated PV of Benefit cost Average Parcel

Costs Benefits ratio Costs Benefits ratio BCR
Scenario 1 79,826,580 112,039,716 1.40 63,294,242 70,060,060 1.11 1.26
Scenario2 79,826,580 112,039,716 1.40 2,436,394 2,708,960 1.11 1.26
Scenario3 239,299 2,359,186 9.86 63,294,242 70,060,060 1.11 5.49
Scenario4 239,299 30,760 0,13 2,436,393 54,131 0.02 0.08
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extreme changes in our estimates and as such are unlikely to occur
overall. The most plausible is the alteration in property prices if we
assume that not all the properties are sold. However, this concern can
be somewhat mitigated by noting how the sites are part of a wider
regeneration scheme to make the city more attractive to new resi-
dents and investments (e.g., a high-speed train station linking
Dresden and Prague).

Converting the northern site into park land: For the BCR to become
smaller than 1, it requires one of the following changes: Construction
costs to increase by 980%; ESS value falls by 90% both values are
unlikely to occur if the southern site is developed into new
apartments.

Developing the southern site: For the BCR to become smaller than 1,
it requires one of the following changes: 42% rather than 50% of
consumption expenditure to remain within the city; Flood risk to
increase by 400%; Construction costs to increase by 14%; Adaptation
costs to increase by 130%; Property prices to fall by 45%.
Converting the southern site into park land: For the BCR to become
smaller than 1, it requires one of the following changes: Construction
costs to increase by 170% or ESS value falls by 10%. These are
plausible if the northern site is not developed into new apartments.

It can be argued that the most sensitive element is the increased
economic activity due to the influx of new residents. This in turn is
dependent on the actual demand for the new apartments — local
expertise indicates that there are not too many new housing projects in
the city. Therefore, the development of nearly 1000 new apartments in
this area is rather ambitious. However, it must also be kept in mind that
this project is only a sub-element for a wider regeneration vision for sites
comprehensively across the city.

In addition, there are costs that were excluded from the analysis, due
to uncertainties in calculating the total values required. First, these
include the cost of purchasing the sites, because of complicated
ownership structure, including both public and private lands of different
entities. Therefore, we hypothesised initial conditions in which the city
is the owner of all the land and will be the initiator of the public-private
partnership. Another cost not calculated was related to eventual loss of
jobs by turning current companies in the southern site into apartments.
However, the companies currently located could be relocated elsewhere
in the city. But as noted in the southern site sensitivity analysis, this is
likely to render the urban development scenario not cost effective. This
is less likely for the conversion into park land. Finally, we excluded costs
and benefits, the calculation of which consist of high uncertainties
compared to their contribution to total costs and benefits (e.g., expen-
ditures on flood emergency response, image of the area, recreation, and
some of the ecosystem services).

3.2. Discussion

3.2.1. Implications for floodplain development

Current old- and post-industrial (shrinking) cities frequently face the
dilemma between urban renewal addressing the demands for economic
resilience and social well-being, on one hand, and coping with un-
certainties inherent to climate change-related risks, on the other (Raska
et al., 2019). Since these challenges are intertwined and manifest high
complexity, there also exist multiple trade-offs between measures
considered to address these challenges. This is illustrated by the ongoing
debates on environmental policy integration which show that many
policies remain in sectoral silos and follow their specific goals, e.g.,
Aubrechtova et al. (2020). In this paper, exploratory CBA was applied
where urban brownfield regeneration and FRM strategies clash in the
visions of various stakeholders. We developed four scenarios that
allowed for comparison of both uniform and multifunctional land use in
the study area. Our results indicate that improving the initial conditions
at each of the sites within the study area (i.e., combining regeneration of
the present brownfield in the south and the enhancement of existing
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urban greenery in the north) is a more viable scenario than overall
regeneration and further housing development, or than turning the
whole area into a floodable urban park. This shows that under certain
circumstances, involving existing premises where ecological burdens,
emerging environmental risks, or increasing downstream flood impacts
are negligible, limited floodplain development may represent a legiti-
mate planning approach. It should also be noted that the current de-
mand for land (European Commission, 2016) puts forward a salient need
for spatial decisions about housing development and water retention.
Given the limited space for flood water retention in urban areas, our
research shows that combined urban renewal may be a suitable
approach to spatially refocus building activities from peri urban and
suburban areas that can be instead kept for water retention. In this
respect, our research provides a more varied image and economic
evaluation of the possibilities to implement interim land uses (Haase,
2009) or floodable land (Liao, 2012) to support urban FRM.

The above is only a valid trade-off when buildings are suitably pro-
tected against flooding. Therefore, if development or regeneration
cannot be avoided it is a necessary criterion to protect the buildings to a
high degree and maintain awareness and information to avoid the
development of a safe development paradox (Slavikova et al., 2021).
While there is a debate between private and social responsibility within
climate change adaptation (e.g., see Lucas and Booth, 2020) the
increasing behavioural focus within FRM (Kuhlicke et al., 2020) means
that regeneration activities such as this require that all actors part of the
risk chain work together to limit risk proactively while increasing the
health of the city in an integrated manner. We should also have
continued support for these people so not only do they have access to
affordable insurance but also, they are sufficiently prepared for emer-
gency actions. None of the stakeholders should be able to see this as a
situation where their responsibility is seen to be abrogated and flood risk
is in fact the domain of another actor given how multiple actors interact
to generate flood risk.

How responsibilities are considered and allocated also leads to a
range of social justice issues that must also be considered at the inter-
section of FRM and urban regeneration. It can be argued that the pur-
pose of urban regeneration is to create a more attractive city
environment, to bring new resources into the city or to stem the outward
flow. This, on the other hand, could be considered as gentrification.
Gentrification is a contentious issue in many cities due to social (justice)
conflicts it inspires. However, the gentrification of areas currently
developed while increasing total flood risk through higher value prop-
erties potentially brings wider benefits to a city that may require it, to
help offset existing wider negative trends. Though to some extent the
growth in risk is minimised as new areas are not developed. Addition-
ally, a commonly held position is that the socially vulnerable suffer
disproportionately large impacts during a flood event because of how
structural inequalities render them less able to adapt, exposed to rela-
tively higher risks, etc. It can be argued that gentrification can undo
several social vulnerability issues, due to a more socially advantageous
group locating in limited areas of the floodplain that would otherwise be
occupied by the socially vulnerable. This changing social power dy-
namic could be used over time to create an improvement in resilience,
while not a one-to-one concept, as socially dynamic groups demand
better FRM, risk transfer mechanisms, are better able to absorb impacts,
etc. Therefore, while gentrification offers the potential for the absolute
value of flood risk to increase, the changing social composition may also
increase social ability to accept and manage the risk that is generated
rather than a new source of unexpected vulnerability being developed.

A related social justice concern regards how the costs and benefits of
the regeneration project are distributed. For example, from the
perspective of the city it does make sense to invest money and time to
support this project in terms of income flowing in and out of its coffers.
The benefits for the city materialise indirectly and as such it could be
difficult to rationalise the direct support required for indirect/intangible
rewards. Similar argumentation can be made in terms of the citizenry as
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well who will pay for this investment which will directly benefit people
migrating from outside of the city. This is a conflict that needs to be
managed before starting the project to rationalise why it is required and
the potential benefits, while maintaining the opportunity for the com-
munities to be seen, heard, and influence how this project should go
forwards. This is particularly important, as the solutions developed to
address such complex problem can be “Clumsy”. A clumsy solution is
one where one outcome may be worsened, while other outcomes posi-
tively benefit (Hartmann, 2012; Hartmann, 2011). Additionally, within
a climate change framework this could be referred to as a maladaptive
outcome. Maladaptive outcomes are where actions taken to limit risk
today, lead to higher risk in the future (IPCC, 2022). In respect to the
presented problem of planning for urban viability and disaster risk
management, the initially proposed suggestion appears clumsy. This is
because a trade-off in increased flood risk for the wider benefits of the
city is presented. This is potentially maladaptive from the perspective of
disaster risk management as compared to the status quo because more
development is taking place in a flood-prone area (though it represents
more intensive use of land currently in use). However, in a wider
perspective it is a “clumsy solution”. The proposed regenerative strategy
is aimed primarily at other (non-flooding) problems the city faces. This
can prevent brain and resource drains and an increasing fragmentation
of the city. In the long-run, this can allow the city to gain the resources
needed to open its wider activities to be climate proofed and protected,
in the hopes of preventing larger problems from being created through
the absence of resources. To conclude, short-term ad-hoc solutions to
immediate problems are required before more long-term climate
proof-planning can occur. Yet, this implicitly assumes the fungibility of
disaster risk management and urban planning outcomes in the minds of
those impacted.

3.2.2. Methodological limits and recommendations

The application of CBA in our study has also its limits resulting from
the multiple uncertainties in the data used and in future development
itself. First, these consist of aleatory uncertainties denoting the proba-
bilistic variability in effects of future climate change as well as economic
developments, both affecting the flood risk and the social and economic
demands for the use of this site. Climate change is likely to change the
frequency, magnitude as well as timing of floods in the area. Because
specific manifestations of such change depend on complex interaction
outside and within the catchment, the effects of climate change were
omitted in the analysis. Uncertainties also relate to the temporal aspects
of flood risk impacts (e.g., wellbeing impacts that may persist for several
years, and health impacts developed after an event), that the apartments
may be sold slowly after construction rather than before completion,
which have been ignored as have indirect impacts (e.g., greater eco-
nomic interruptions if people cannot go to work or public transport is
disrupted). We understand these impacts as stochastic because they
depend on future exposure of people and elements to individual floods, i.
e., mostly on unpredictable complex circumstances within the societal
systems. This uncertainty cannot be dealt with without a wider and more
detailed understanding of what is happening in the area and without
further refinement of integrated socio-hydrological-economic model-
ling. However, such modelling approaches will have their own addi-
tional limitations and challenges which need to be addressed (Bloschl
et al., 2019; Bretschger and Pittel, 2020; Di Baldassarre et al., 2019). A
possible framework to address this is agent-based modelling (Aerts,
2020) and robust longitudinal data collection.

This leads to the epistemic uncertainties related to lacking or inac-
curate data or methodological approaches as touched on above. First,
there are conceptual limits as we did not perform an overall analysis of
how the entire regeneration vision interacts with flood risk for the city.
This requires additional research to capture any strategic changes.
However, it is still useful to study individual land parcels to provide a
starting point. It shows the overall cost-benefit relations of the devel-
opment vs. conservation projects in flood risk areas at which (partly)
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abandoned buildings or brownfields can evolve in both directions.
Among the lacking data, the indirect effects (e.g., ecosystem services)
and multiplication of the economic effects of newcomers/new apart-
ment buildings is difficult to assess - from existing studies (e.g., Tomal,
2019; Nowzohour and Stracca, 2020) it is clear that context significantly
matters (e.g. phase of the economic cycle, level of unemployment). Also,
the demand for new housing by newcomers is not easy to predict as it
depends on a complex set of push and pull migration factors. Costs of
additional public services that need to be delivered to newcomers is
difficult to assess - in our paper we have not calculated costs of addi-
tional public transport, waste collection, police, enhancement of water
supply and sewage. These costs and benefits must therefore be evaluated
qualitatively. In addition to the lacking data, there is an extent set of
data that are generally available (e.g., flood hazard maps indicating
water depths, price maps for housing), but their application through
CBA in a specific setting reveals important mismatches in their spatial
resolution.

The research thus shows that mostly indirect data are difficult to
obtain, but it also revealed that the data that are apparently well
available and accurate are not present in a detail and structure that
would fit the needs of CBA. Consider for example the state of flood risk
knowledge in the study area. Therefore, if CBA is to become a standard
tool supporting planning and decision making, the focus should be not
only on monitoring a broad set of data, but also on their standardisation
and the clear presentation of how this level can be achieved. This is
particularly important because land-use planning and urban regenera-
tion strategies are predominantly the province of city governments,
while flood risk management duties and options are rather imposed
from the central government to a municipal level. This can create a
conflicting perception that the capability to develop such models and
approaches is beyond the capacity of a city. This is not an ideal situation
given how (especially urban) flooding is intensely local. Therefore, the
capacity of a city government to make decisions involving the mitiga-
tion, reduction, or generation of flood risk on its own must be increased.
One often called for suggestions is the development of national plat-
forms that can readily help cities to develop the data and expertise
needed, either through collaboration when requested or through ‘off the
shelf approaches’ to help cities do a much more detailed analysis. This
can be particularly important in shrinking old- and post-industrial cities
which may not have an internal situation that allows for such processes
to be developed. Therefore, developing an external platform that focuses
on data comparability, shareability, and documentation may enhance
the potential to successfully act.

Given the inherent uncertainties within the data and the resulting
numbers, it needs to be emphasised that CBA should be understood as
tool that can be used as part of an explanatory model helping planners
and decision-makers to understand complexity and trade-offs among the
factors and components rather than a pure number that independently
determines policy outcomes. This has been highlighted by Hudson and
Botzen (2019) who stated that wider application of CBA evaluation of
zoning policies can bring better understanding of their total impacts.
Without such (even not comprehensive) calculations, the zoning de-
cisions in areas potentially affected by flooding might both: increase
flood risks or aim at strict conservation of areas with the highest eco-
nomic value. Despite the data uncertainty, the conclusions derived from
the Czech case study show what are the trade-offs between development
and conservation of floodplains from the perspective of an urban
renewal and site development. Therefore, undergoing the CBA in a
participatory manner can help understand priorities and new knowledge
directions that need to be filled. As such a possible consideration is that
it can be an on-going process, the first step of each is an exploratory
analysis to understand the required inclusive decision-making process
which in turn indicates where a more comprehensive analysis can more
strongly focus upon.
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4. Conclusion

Urban FRM and urban planning/development are both complex
topics that interact with one another. In some ways regenerated urban
areas improve flood resilience and allow society to better weather po-
tential flooding, while at the same time increasing the threat posed by
flooding to society. Therefore, rather than fragmented or ignored
governance strategies there should be a deeper integration of the two.

This study sought to provide an initial indicative CBA of a sub-
element of a regeneration strategy that focuses on flood-prone areas to
act as a model upon which a more in-depth analysis of an entire
regeneration plan can be based upon. This is a required step in how we
approach both urban planning and development as well as FRM. Both
seek to enhance wellbeing in a city but interact with each other, as how
we design a city impacts flood risk and flooding in turn determines how
a city will be used. However, our approaches tend to be fragmented
across different governance actors with different priorities that tend to
see flood risk ignored as a concern as compared to more tangible
developmental returns.

In this light, we present an analysis of an aspect of a larger regen-
eration vision in a Czech city, that seeks to regenerate several flood
prone areas. In doing so we found out that a mixture of urban and nature
development projects likely will develop the highest returns if the
developed buildings are comprehensively protected against flooding as
part of their architectural design. Mixed development projects help to
simultaneously further green cities while also refocusing urban exten-
sion from peri urban fringe to the inner city itself. This may not only help
enhance urban regeneration but will also help to mitigate a range of
climate change impacts at a catchment scale. The mixed developments
provide a more nuanced insight of the possibilities to implement interim
land uses in old- and post-industrial sites. It is important to note that the
empirical findings of this paper do not completely indicate that devel-
opment should always take place in floodplains, even if as a mixed
development. Rather, where development already exists or cannot be
removed, or where it cannot be avoided a detailed analysis of the po-
tential impacts must be considered under the assumption/requirement
that the buildings are suitably protected against flooding and that the
community are adequately aware of this risk. These actors must then
carefully consider if this is a potential burden that they wish to bear. In
demonstrating this, we argue that however “clumsy” the proposed
planning solution is, it can only be viewed as maladaptive when solely
looked at from a single perspective within FRM. We argue that rather the
solution could also be seen within the context of a city requiring
regeneration as a required trade-off to allow the city to revolve and stem
a flow of resources (e.g. financial, natural, human) that could prevent
later adaptation to a range of climate impacts. This is seen through the
importance of the degree to which the consumption expenditure of
newly incoming residents remains within the city to act as an economic
multiplier, for the BCR> 1. Cities in a similar position to Usti nad Labem
can be found across Europe and beyond as various social and economic
transitions take place. We emphasise that FRM is undergoing a similar
paradigm shift now to what urban planning has already undergone -
since flood risk is the product of human choices and land-use decision
making, the FRM should be better integrated with the urban land use
policies.

In terms of the methodological advancement, we admit that the
validation of this study will require a more extensive project involving
more substantial participatory co-design with a wide range of stake-
holders within Usti nad Labem. However, while the knowledge on how
to integrate the currently fragmented governance approaches exist, our
results highlight that the data and expertise for a given city may not be
sufficient to conduct a comprehensive analysis. Therefore, we suggest
that facilities and platforms to provide this expertise and data must be
actively developed and coordinated to reduce the hurdles facing city
planners in integrating detailed flood risk knowledge into their ap-
proaches. In this respect, we conclude that despite using a monetary
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(positivist) stance, CBA rather provides a normative and deliberative
approach supporting city planners, water authorities and the public in
their communication and decisions. When approached from FRM
normative point of view, it creates a predominant focus on how any
increase in risk should be avoided and where possible limited resources
for risk management should be allocated based on CBA. Urban planning
takes a wider perspective on meeting multiple polycentric needs and
trying to make and find suitable trade-offs between different land-use
outcomes and perspectives. This urban planning perspective is an
important concept to transfer to sectoral planning efforts (such as FRM)
especially within sectors where the concept of resilience as a holistic and
multi-faceted concept is growing. Therefore, this paper takes steps to-
wards expanding our knowledge and understanding of the CBA of land-
use planning decisions for FRM (a very limited literature). While at the
same time as helping to bridge sectoral planning (e.g., FRM) and urban
planning (e.g., urban regeneration) with the help of CBA as a decision
support tool as a promising approach to provide a common language and
scope for stakeholder interaction and contestation.

Data Availability
Data will be made available on request.
Acknowledgements

The research has been designed and conducted within the project
‘The nature and dynamics of local land use conflicts in a polyrational
arena’ (20-11782S) supported by the Czech Science Foundation and
conducted by P. Raska and L. Slavikova. The short-term scientific
mission of P. Hudson at UJEP Usti nad Labem was funded by the EU
COST Action ‘LAND4FLOOD: Natural Flood Retention on Private Land’
(CA16209, http://www.land4flood.eu) supported by COST (European
Cooperation in Science and Technology).

References

Aerts, J.C.J.H., 2020. Integrating agent-based approaches with flood risk models: a
review and perspective. Water Secur. 11, 100076.

Allmendinger, P., 2002. Towards a post-positivist typology of planning theory. Plan.
Theory 1 (1), 77-99.

Alpopi, C., Manole, C., 2013. Integrated urban regeneration — solution for cities
revitalize. Procedia Econ. Financ. 6, 178-185.

Angel, S., Parent, J., Civco, D.L., Blei, A., Potere, D., 2011. The dimensions of global
urban expansion: estimates and projections for all countries, 2000-2050. Prog. Plan.
75 (2), 53-107.

Attems, M.-S., Thaler, T., Genovese, E., Fuchs, S., 2020. Implementation of property-level
flood risk adaptation (plfra) measures: choices and decisions. WIREs Water 7 (1),
el404.

Aubrechtova, T., Semancikova, E., Raska, P., 2020. Formulation matters! the failure of
integrating landscape fragmentation policy. Sustainability 12, 3962.

Becker, A., Griinewald, U., 2003. Disaster management: flood risk in central Europe.
Science 300 (5622), 1099.

Bergatt Jackson, J., Bergatt, W., Votocek, J., 2010. Analyza brownfieldi v ORP tsti nad
labem a ve statutarnim mésté Usti nad Labem [Analyses of Brownfield in the ORP
Usti nad Labem and Statutory Town of Usti nad Labem]. Research Report —
Cobraman Project, Usti nad Labem.

Bloschl, G., Bierkens, M.F.P., Chambel, A., Zhang, Y., 2019. Twenty-three unsolved
problems in hydrology (uph) — a community perspective. Hydrol. Sci. J. 64 (10),
1141-1158.

Bosak, V., Novacek, A., Slach, O., 2018. Industrial culture as an asset, barrier and
creative challenge for restructuring of old industrial cities: case study of Ostrava
(Czechia). GeoScape 12 (1), 52-64.

Botzen, W.J.W., Kunreuther, H., Czajkowski, J., de Moel, H., 2019. Adoption of
individual flood damage mitigation measures in new york city: an extension of
protection motivation theory. Risk Anal. 39 (10), 2143-2159.

Bretschger, L., Pittel, K., 2020. Twenty key challenges in environmental and resource
economics. Environ. Resour. Econ. 77, 725-750.

Bubeck, P., Botzen, W.J.W., Kreibich, H., Aerts, J.C.J.H., 2012. Long-term development
and effectiveness of private flood-risk reductions: an analysis for the German part of
the river Rhine. Nat. Hazard. Earth Syst. Sci. 12, 3507-3518.

Burby, R.J., Deyle, R.E., Godschalk, D.R., Olshanwsky, R.B., 2001. Creating hazard
resilient communities through land-use planning. Nat. Hazard. Rev. 1 (2), 99-106.

Chmutina, K., von Meding, J., 2019. A dilemma of language: “natural disasters” in
academic literature. Int. J. Disaster Risk Sci. 10 (3), 283-292.


http://www.land4flood.eu
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref1
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref1
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref2
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref2
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref3
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref3
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref4
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref4
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref4
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref5
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref5
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref5
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref6
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref6
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref7
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref7
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref8
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref8
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref8
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref9
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref9
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref9
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref10
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref10
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref10
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref11
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref11
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref12
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref12
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref12
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref13
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref13
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref14
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref14

P. Hudson et al.

CZSO0, 2019. Spotiebni vydaje domacnosti — 2019 [Consumption Expenses of Households
—2019]. (Accessed 15 December 2020).

Di Baldassarre, G., Sivapalan, M., Rusca, M., Cudennec, C., Garcia, M., Kreibich, H.,
Konar, M., Mondino, E., Mard, J., Pande, S., Sanderson, M.R., Tian, F., Viglione, A.,
Wei, J., Wei, Y., Yu, D.J., Srinivasan, V., Bloschl, G., 2019. Sociohydrology: scientific
challenges in addressing the sustainable development goals. Water Resour. Res. 55
(8), 6327-6355.

Dobruckd, L., 2014. Reframing planning theory in terms of five categories of questions.
Plan. Theory 15, 145-161.

European Commission, 2016. Land as a Resource. Brussels: European Commission.
(Accessed 12 March 2018).

Golnaraghi, M., Surminski, S., Kousky, C., 2020. Building Flood Resilience in a Changing
Climate Insights from the United States, England and Germany. The Geneva
Association, Geneva.

Haase, A., Bernt, M., GroBmann, K., Mykhnenko, V., Rink, D., 2013. Varieties of
shrinkage in European cities. Eur. Urb. Reg. Stud. 23 (1), 86-102.

Haase, D., 2009. Effects of urbanisation on the water balance — a long-term trajectory.
Environ. Impact Assess. Rev. 29 (4), 211-219.

Haase, D., Haase, A., Rink, D., 2014. Conceptualizing the nexus between urban shrinkage
and ecosystem services. Landsc. Urb. Plan. 132, 159-169.

Hartmann, T., 2011. Contesting land policies for space for rivers — rational, viable, and
clumsy floodplain management. J. Flood Risk Manag. 4, 165-175.

Hartmann, T., 2012. Wicked problems and clumsy solutions: planning as expectation
management. Plan. Theory 11, 242-256.

Hartmann, T., Driessen, P., 2017. The flood risk management plan: towards spatial water
governance. J. Flood Risk Manag. 10, 145-154.

Hartmann, T., Geertman, S., 2016. Chapter 4: planning theory. Handbook on Theories of
Governance. Edward Elgar Publishing, Cheltenham, UK, pp. 61-70. https://doi.org/
10.4337/9781782548508.00013.

Hartmann, T., Spit, T., 2014. Frontiers of land and water governance in urban regions.
Water Int 39 (6), 791-797.

Hartmann, T., Spit, T., 2016. Legitimising differentiated flood protection levels —
consequences of the European flood risk management plan. Environ. Sci. Policy 55,
361-367.

Hockley, N., 2014. Cost-benefit analysis: a decision-support tool or a venue for
contesting ecosystem knowledge? Environ. Plan. C 32, 283-300.

Hudson, P., Botzen, W.J.W., 2019. Cost-benefit analysis of flood-zoning policies: a
review of current practice. WIREs Water 6 (6), e1387.

Hudson, P., Botzen, W.J.W., Kreibich, H., Bubeck, P., Aerts, J.C.J.H., 2014. Evaluating
the effectiveness of flood damage risk reductions by the application of propensity
score matching. Nat. Hazard. Earth Syst. Sci. 14, 1731-1747.

Hudson, P., Botzen, W.J.W., Poussin, J.K., Aerts, J.C.J.H., 2019. The impacts of flooding
and flood preparedness on happiness: a monetisation of the tangible and intangible
subjective well-being impacts. J. Happiness Stud. 20 (2), 665-682.

Huizinga, J., De Moel, H., Szewczyk, W., 2017. Global Flood Depth-Damage Functions:
Methodology and the Database with Guidelines. EUR 28552 EN, JRC105688.
Publications Office of the European Union, Luxembourg.

IPCC, 2012. Managing the risks of extreme events and disasters to advance climate
change adaptation. In: Barros, C.B., Stocker, T.F., V. (Eds.), A Special Report of
Working Groups i and ii of the Intergovernmental Panel on Climate Change. Field.
Cambridge University Press, Cambridge and New York.

IPCC, 2018. Global warming of 1.5°C. In: Masson-Delmotte, V., Zhai, P., Pértner, H.-O.,
Roberts, D., Skea, J., Shukla, P.R., Pirani, A., Moufouma-Okia, W., Péan, C.,
Pidcock, R., Connors, S., Matthews, J.B.R., Chen, Y., Zhou, X., Gomis, M.L.,
Lonnoy, E., Maycock, T., Tignor, M., Waterfield, T. (Eds.), An IPCC Special Report on
the Impacts of Global Warming of 1.5°C above Pre-industrial Levels and Related
Global Greenhouse Gas Emission Pathways. IPCC, Geneva.

IPCC. In: Portner, H.-O, Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K.,
Alegria, A., Craig, M., Langsdorf, S., Loschke, S., Moller, V., Okem, A., Rama, B.
(Eds.), 2022. Climate Change 2022: Impacts, Adaptation, and Vulnerability
Contribution of Working Group II to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge and New York.

IPCC, 2014. Climate Change 2014: Synthesis Report. Contribution of Working Groups i, ii
and iii to the Fifth Assessment Report of the Intergovernmental Panel on Climate
Change. RKPaLAMe Core Writing Team (Eds.), IPCC, Geneva.

Jakubinsky, J., Prokopova, M., Raska, P., Salvati, L., Bezak, N., Cudlin, O., Cudlin, P.,
Purkyt, J., Vezza, P., Camporeale, C., Danék, J., Pastor, M., Lepeska, T., 2021.
Managing floodplains to support multiple ecosystem functions and services. WIREs
Water 8 (5), e1545.

Kaspersen, P.S., Hpegh Ravn, N., Arnbjerg-Nielsen, K., Madsen, H., Drews, M., 2017.
Comparison of the impacts of urban development and climate change on exposing
European cities to pluvial flooding. Hydrol. Earth Syst. Sci. 21 (8), 4131-4147.

Kelman, I., 2020. Disaster by Choice. Oxford University Press, Oxford.

Kelman, I., Spence, R., 2004. An overview of flood actions on buildings. Eng. Geol. 73
(3), 297-309.

Koks, E., de Moel, H., Aerts, J.C.J.H., Bouwer, L.M., 2014. Effect of spatial adaptation
measures on flood risk: study of coastal floods in belgium. Reg. Environ. Chang. 14,
413-425.

Kousky, C., Olmstead, S.M., Walls, M.A., Macauley, M., 2013. Strategically placing green
infrastructure: cost-effective land conservation in the floodplain. Environ. Sci.
Technol. 47 (8), 3563-3570.

Kreibich, H., Bubeck, P., Van Vliet, M., de Moel, H., 2015. A review of damage-reducing
measures to manage fluvial flood risks in a changing climate. Mitig. Adapt. Strat.
Glob. Chang. 20 (6), 967-689.

Kron, W., 2005. Flood risk = hazard e values e vulnerability. Water Int. 30 (1), 58-68.

12

Land Use Policy 120 (2022) 106276

Krzysztofik, R., Tkocz, M., Spérna, T., Kantor-Pietraga, 1., 2016. Some dilemmas of post-
industrialism in a region of traditional industry: the case of the katowice
conurbation, poland. Morav. Geogr. Rep. 24 (1), 42-54.

Kuhlicke, C., Seebauer, S., Hudson, P., Begg, C., Bubeck, P., Dittmer, C., Grothmann, T.,
Heidenreich, A., Kreibich, H., Lorenz, D.F., Masson, T., Reiter, J., Thaler, T.,
Thieken, A.H., Bamberg, S., 2020. The behavioural turn in flood disaster risk
management and its implication for future research and policy. WIREs Water 7 (3),
el418.

Kvasnica, J., 2017. The Problematics of Demolition Works and their Valuation. Czech
Technical University, Prague.

Ladd, H.F., 1994. Fiscal impacts of local population growth: a conceptual and empirical
analysis. Reg. Sci. Urb. Econ. 24 (6), 661-686.

Liao, K.-H., 2012. A theory on urban resilience to floods—a basis for alternative planning
practices. Ecol. Soc. 17 (4), 48.

Lucas, C.H., Booth, K.I., 2020. Privatizing climate adaptation: How insurance weakens
solidaristic and collective disaster recovery. WIREs Clim. Chang. 11 (6), e676.
Machég, J., Louda, J., 2019. Urban wetlands restoration in floodplains: a case of the city
of pilsen, czech republic. In: Hartmann, T., Slavikova, L., McCarthy, S. (Eds.),
Nature-Based Flood Risk Management on Private Land: Disciplinary Perspectives on

A Multidisciplinary Challenge. Springer International Publishing, Cham,
pp. 111-126.

Machag, J., Dubova, L., Louda, J., Hekrle, M., Zankova, L., Brabec, J., 2019.
Methodology for Economic Assessment of Green and Blue Infrastructure in Human
Settlements. Institute for Economic and Environmental Policy (IEEP), Ust{ nad
Labem.

Machag, J., Rybova, K., Louda, J., Dubovd, L., 2018. How to support planning and
implementation of climate adaptation measures in urban areas? Case study of Brno-
Novy Liskovec. In: Proceedings of the 2018 Smart City Symposium Prague (SCSP).
Czech Technical University, Prague, pp. 1-6.

McAneney, J., McAneney, D., Musulin, R., Walker, G., Crompton, R., 2016. Government-
sponsored natural disaster insurance pools: a view from down-under. Int. J. Disaster
Risk Reduct. 15, 1-9.

Mechler, R., Czajkowski, J., Kunreuther, H., Michel-Kerjan, E., Botzen, W.J.W.,
Keating, A., McQuistan, C., Cooper, N., O'Donnell, I., 2014. Making Communities
More Flood Resilient: The Role of Cost Benefit Analysis and Other Decision-support
Tools in Disaster Risk Reduction. Zurich Flood Resilience Alliance, Zurich.

Munich Re, 2019. Extreme Storms, Wildfires and Droughts Cause Heavy Nat Cat Losses
in 2018. [cited 2019 24.05.2019].

Nadal, N.C., Zapata, R.E., Pagan, 1., Lopez, R., Agudelo, J., 2010. Building damage due to
riverine and coastal floods. J. Water Resour. Plan. Manag. 136 (3), 327-336.

Newton, P., Glackin, S., 2014. Understanding infill: towards new policy and practice for
urban regeneration in the established suburbs of Australia’s cities. Urb. Policy Res.
32 (2), 121-143.

Nowzohour, L., Stracca, L., 2020. More than a feeling: confidence, uncertainty, and
macroeconomic fluctuations. J. Econ. Surv. 34 (4), 691-726.

O’Keefe, P., Westgate, K., Wisner, B., 1976. Taking the naturalness out of natural
disasters. Nature 260, 566-567.

Paleari, S., 2019. Disaster risk insurance: a comparison of national schemes in the eu-28.
Int. J. Disaster Risk Reduct. 35, 101059.

Pizzol, L., Zabeo, A., Klusacek, P., Giubilato, E., Critto, A.S., Frantél, B., Martinat, S.,
Kunc, J., Osman, R., Bartke, S., 2016. Timbre brownfield prioritization tool to
support effective brownfield regeneration. J. Environ. Manag. 166, 178-192.

Pomajbikovd, A., 2012. The Proposal for Utilization of the former Industrial Site Unitex.
Technical University of Ostrava, Ostrava.

Poontirakul, P., Brown, C., Seville, E., Vargo, J., Noy, 1., 2017. Insurance as a double-
edged sword: quantitative evidence from the 2011 christchurch earthquake. Geneva
Pap. Risk Insur. 42 (4), 609-632.

Poussin, J.K., Bubeck, P., Aerts, J.C.J.H., Ward, P.J., 2012. Potential of semi-structural
and non-structural adaptation strategies to reduce future flood risk: case study for
the Meuse. Nat. Hazard. Earth Syst. Sci. 12, 3455-3471.

Raska, P., Stehlikova, M., Rybova, K., Aubrechtova, T., 2019. Managing flood risk in
shrinking cities: dilemmas for urban development from the central european
perspective. Water Int. 44 (5), 520-538.

Rumpel, P., Slach, O., Bednéf, P., Koutsky, J., 2010. Re-imaging of industrial cities in the
czech republic: chosen drivers of the change. In: Clifton, N., Benneworth, P.,
Doucet, B., Goebel, C., Hamm, R., Schmitz, V. (Eds.), The Regeneration of Image in
Old Industrial Regions: Agents of Change and Changing Agents. Cuvillier Verlag,
Gottingen, pp. 89-114.

Rydin, Y., 2007. Re-examining the role of knowledge within planning theory. Plan.
Theory 6, 52-68.

Saint-Geours, N., 2012. Sensitivity Analysis of Spatial Models: Application to Cost-
Benefit Analysis of Flood Risk Management Plans. Universite Montpellier II —
Scienceset Techniques du Languedoc, Montpellier.

Slavikova, L., Raska, P., Kopacek, M., 2019. Mayors and “their” land: revealing
approaches to flood risk management in small municipalities. J. Flood Risk Manag.
12 (3), e12474.

Slavikova, L., Hartmann, T., Thaler, T., 2021. Paradoxes of financial schemes for resilient
flood recovery of households. WIREs Water 8 (2), e1497.

Thistlethwaite, J., 2017. The emergence of flood insurance in canada: navigating
institutional uncertainty. Risk Anal. 37 (4), 744-755.

Tomal, M., 2019. The impact of macro factors on apartment prices in polish counties: a
two-stage quantile spatial regression approach. Real Estate Manag. Valuat. 27 (4),
1-14.

Trippl, M., Otto, A., 2009. How to turn the fate of old industrial areas: a comparison of
cluster-based renewal processes in Styria and the Saarland. Environ. Plan. A 41 (5),
1217-1233.


http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref15
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref15
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref15
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref15
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref15
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref16
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref16
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref17
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref17
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref17
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref18
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref18
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref19
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref19
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref20
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref20
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref21
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref21
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref22
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref22
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref23
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref23
https://doi.org/10.4337/9781782548508.00013
https://doi.org/10.4337/9781782548508.00013
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref25
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref25
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref26
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref26
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref26
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref27
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref27
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref28
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref28
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref29
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref29
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref29
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref30
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref30
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref30
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref31
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref31
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref31
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref31
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref32
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref32
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref32
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref32
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref32
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref32
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref33
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref33
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref33
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref33
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref33
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref33
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref34
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref34
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref34
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref34
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref35
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref35
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref35
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref36
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref37
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref37
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref38
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref38
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref38
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref39
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref39
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref39
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref40
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref40
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref40
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref41
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref42
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref42
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref42
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref43
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref43
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref43
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref43
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref43
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref44
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref44
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref45
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref45
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref46
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref46
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref47
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref47
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref48
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref48
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref48
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref48
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref48
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref49
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref49
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref49
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref49
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref50
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref50
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref50
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref51
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref51
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref51
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref51
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref52
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref52
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref53
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref53
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref53
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref54
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref54
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref55
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref55
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref56
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref56
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref57
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref57
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref57
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref58
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref58
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref58
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref59
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref59
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref59
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref60
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref60
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref60
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref61
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref61
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref61
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref61
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref61
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref62
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref62
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref63
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref63
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref63
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref64
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref64
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref65
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref65
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref66
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref66
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref66
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref67
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref67
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref67

P. Hudson et al. Land Use Policy 120 (2022) 106276

Turok, I., Mykhnenko, V., 2007. The trajectories of European cities, 1960-2005. Cities 24 Weissovd, V., 2013. Usti nad Labem — pro Prazskou ulici mé firma zajimavou vizi,
(3), 165-182. piekazek k realizaci je ale cela fada [Usti nad Labem - interesting vision for Prague
Usti nad Labem City Authority, 2015. Strategie rozvoje mésta Usti nad Labem street, series of barriers also exist]. (Accessed 15 December 2020).

2015-2020 [Strategy of the development for Usti nad Labem city 2015-2020]. Usti
n. L. Administration, Ust{ nad Labem.

13


http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref68
http://refhub.elsevier.com/S0264-8377(22)00303-9/sbref68

	Balancing the interaction between urban regeneration and flood risk management – A cost benefit approach in Ústí nad Labem
	1 Introduction
	2 Data and methods
	2.1 Study area
	2.2 New zoning regulations and land-use change for urban regeneration and scenario development
	2.2.1 Urban development
	2.2.2 Nature development

	2.3 Conceptual approach to benefit classification and inclusion
	2.4 Time horizon and discounting
	2.5 CBA calculations
	2.5.1 Flood risk and flood-proofing
	2.5.2 Flood-proofing costs
	2.5.3 Building values
	2.5.4 Potential externalities
	2.5.5 Multiplier effects
	2.5.6 Ecosystem services
	2.5.7 Benefits from selling a property


	3 Results and discussion
	3.1 Results
	3.1.1 Quantitative outcomes

	3.2 Discussion
	3.2.1 Implications for floodplain development
	3.2.2 Methodological limits and recommendations


	4 Conclusion
	Data Availability
	Acknowledgements
	References


