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Chapter 6

Flood risk assessment in the
Ubaye Valley (Barcelonnette,
France)

Micah Mukolwe1, Giuliano Di Baldassarre3 and Thom Bogaard2
1Masinde Muliro University of Science and Technology, Kakamega, Kenya; 2Delft University of

Technology, Civil Engineering and Geosciences Water Management, Water Resources, Delft, the

Netherlands; 3Department of Earth Sciences, Uppsala University, Uppsala, Sweden

6.1 Introduction

6.1.1 Motivation and objective

Floodplain habitation has occurred throughout history, notably due to asso-
ciated economic benefits for a number of activities, such as trade and agri-
culture. In many countries, the occupation of floodplains has grown after the
construction of flood protection structures (such as levees). This process has
led to a reduction in the frequency of flooding; on the other hand, there is a
corresponding increase of potential adverse consequences (“levee effect”; Di
Baldassarre et al., 2013; Klijn et al., 2004). As a matter of fact, many
megacities are located in floodplains or deltas.

Population growth in high-risk areas has often resulted in remarkable
damages and fatalities. To assess risk, it is normative to evaluate the potential
natural hazards, calculate the susceptibility of the potentially affected popu-
lation (in relation to the hazard), and combine this output with the conse-
quences (e.g., Apel et al., 2004; Jongman et al., 2012; Moel, 2012; Winsemius
et al., 2012; Genovese, 2006; Genovese et al., 2007).

This chapter shows a demonstration of the benefits of risk-prevention
measures by applying the KULTURisk methodology (see Chapter 6) to po-
tential flood risk in Barcelonnette (France).

6.1.2 The case study: Ubaye Valley, France

The Ubaye Valley, located in the French Alps (Fig. 6.1), is a popular tourist
destination for ski-sports and draws upon a rich historical heritage. Protection
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of the city of Barcelonnette from flooding has led to levee construction along
the river. Also, in the upper catchment, there have been efforts to improve
slope stability and reduce debris flows from steep unstable alpine slopes,
achieved by construction of check dams and planting of trees (Flageollet et al.,
1996; Weber, 1994).

In June 1957, an approximately 1-in-100-year flood wave, resulting from a
combination of snowmelt and spring rainfall, caused exceptionally high dis-
charges in the Ubaye River. This resulted in levee overtopping and flooding of
surrounding areas of Barcelonnette town in the Ubaye Valley (Flageollet et al.,
1996).

Consequently, different flood-risk-reduction measures were being planned
in the Ubaye Valley because of the potentially disruptive nature of flood
hazard. Thus, the KULTURisk methodology was applied to determine benefits
of these preventive options.

6.2 Methodology

6.2.1 Hydraulic modeling

At the core of any flood-risk assessment is the determination of potential flood-
event characteristics and resulting intersection with different receptors in the
floodplain to assess damages (based on susceptibility and vulnerability).
Increasing availability of computing power, along with the development of
several hydraulic-modeling algorithms, has led to growth in the use of flood-
inundation models in flood-risk management (Dottori and Todini, 2011;
Hunter et al., 2007). This growth has been also facilitated by new data sources

FIGURE 6.1 Barcelonnette town (Ubaye Valley).
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of topographic information (Di Baldassarre and Uhlenbrook, 2012; Bates,
2012). For instance, technology such as LiDAR (Light Detection and Ranging)
facilitates relatively accurate representation of floodplain topography
(Cracknell, 2007) that can be used as input for flood-inundation modeling at a
high resolution.

In this study, a two-dimensional flood inundation model, LISFLOOD-FP
(Neal et al., 2012; Bates et al., 2010) was built for a reach of the Ubaye
Valley River covering the Barcelonnette town area. Topography information
was derived from a LiDAR survey carried out in November 2011, which was
supplemented by additional river bathymetry, cross-sectional data obtained by
RTM (Restauration des Terrains en Montagne). Model calibration was based
on observed water levels during a high flow event in May 2008. This resulted
in a main channel Manning’s roughness value of 0.040 m1/3/s, for which we
found the lowest root mean square error (RMSE) between observed and
simulated water levels.

This model was then used to simulate the June 1957 flood event, whose
characteristics were derived from a postevent analysis based on an analysis of
sediment deposition and expert knowledge (Lecarpentier, 1963). In particular,
the peak river discharge of the June 1957 flood event was estimated between
420 and 480 m3/s.

6.2.2 Scenario selection

Implementation of the KULTURisk methodology was based on different re-
ceptors: people and economic activities (consisting of buildings, road network,
and agricultural assets). Potential flood-risk mitigation measures that may be
adopted by civil protection authorities were considered as alternative sce-
narios. We considered two scenarios: structural measures and nonstructural
measures, namely, improvement of conveyance capacities of the bridge cross-
sections, and implementation of an early warning system (EWS). A third
scenario considers combination of the two. Benefits of these risk-reduction
measures were evaluated by comparing potential flood losses with losses
resulting from the baseline scenario, which was representative of the situation
then.

6.2.3 Regional Risk Assessment

Potential risk to people was defined by the nature of cultural practices and
social behavior that characterize the exposure of people to flooding. In this
respect, it is important to consider a large number of tourists and occupancy of
secondary homes during high season. To this end, exposure of people was
calculated by taking the average house occupancy and average floor area.
Furthermore, the use of spatial exposure data sets was beneficial in charac-
terizing areas with high damages.
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Damage to the road network was calculated as a percentage area of the
road network that was affected by flooding. Important aspects of connectivity
and inaccessibility of vital location of the valley were taken into account
mainly in the social assessment (see below).

Building damage was taken as a function of flood metrics intensity (flood
velocity and water depth) and the capacity of exposed buildings to resist
destructive forces defined by a depth damage curve. Lastly, for the calculation
of damage to agricultural fields, crop damage thresholds were used to deter-
mine potential damage.

6.2.4 SocialdRegional Risk Assessment

French Statutory considerations govern and give opportunity for public
participation in the risk-mitigation process, which raises risk awareness of the
population (Schwarze et al., 2011). Weight factors representing the state of
receptor vulnerability were determined from stakeholder discussions, field
visits, and a literature review. However, it was vital to discuss final indicator
weights with stakeholders, given that expert judgment was used to normalize
indicator values.

Indicators were categorized as those based on adaptive capacity, coping
capacity, and susceptibility of receptors. Following the determination of
normalized indicator values, importance factors weighing the human dimen-
sion versus the physical dimension, and those weighing the adaptive capacity,
coping capacity, and the susceptibility were determined. To avoid bias, these
factors were equally distributed prior to initial discussion with stakeholders.

A major consideration during the analysis was that the population
remained relatively stable, approximated at a growth of �0.6% and 1.1% from
1990 to 1999 and 1982 to 1990, respectively (INSEE, 2013). In addition to
this, substantial public participation and contribution to risk awareness (e.g.,
Angignard, 2011) contributes to resilience of the population.

6.2.5 EconomicdRegional Risk Assessment

Value factors and willingness to pay were the main considerations in deter-
mining damage to receptors. Average house rent and contraction costs were
readily available; however, for building content value, an estimated content to
value ratio equal to 50% was used (USACE, 1996). Similar to advice by
Messner et al. (2007), agricultural losses were calculated based on charac-
teristics of wheat (Brisson et al., 2010). With regards to damage to roads,
losses were calculated arising from debris deposition and road-surface dam-
age, requiring minor road maintenance (Doll and van Essen, 2008).

Physical damage and repair costs of receptors were relatively straightfor-
ward to determine; on the other hand, service-disruption costs were difficult to
determine due to lack of data. Thus, rough estimate of ratios of structural
damage to service-disruption costs was used in the analysis.
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Finally, to demonstrate benefits of preventive measures, a relative benefit
was calculated that was defined as the relative reduction of flood losses and
expressed as a percentage. Thus, the relative benefit in this case can be
interpreted as the benefit of taking preventive action versus inaction.

6.3 Results and discussion

6.3.1 Risk assessment

6.3.1.1 Flood hazard metrics

Scenario 1, which included channel-conveyance capacity improvement (by
reshaping the geometry of the bridge), resulted in a significantly reduced
floodplain inundation (Werner et al., 2005). The flood hazard to the receptors
was based on the two flood-inundation extents shown in Fig. 6.2.

6.3.1.2 Regional Risk Assessment

Results of the Regional Risk Assessment (RRA) show a significant reduction
of the risk to receptors as a result of reducing flood water volume in the
floodplain (Fig. 6.3). This reduction results in lower (less threatening) flood
velocities and water depth, hence lower physical damage (Tables 6.1 and 6.2).

The application of nonstructural measures (EWS) does not have an effect
on the flood-wave propagation dynamics, but rather on inherent receptor
characteristics, such as alert and evacuation, mitigate effects of flooding. EWS
mainly facilitates evasive action to lessen exposure in terms of magnitude and
extent (Fig. 6.4).

6.3.1.3 SocialdRegional Risk Assessment

Changes in receptor vulnerability were based on the implementation of a
reliable EWS (Scenario 2). Being an alpine river recharged by creeks char-
acterized by steep slopes, the Ubaye River basin is a fast-responding catch-
ment. Hence the ability to adequately warn inhabitants of changing river
conditions would improve the resilience of floodplain inhabitants. Given that
there is no formal EWS implemented, receptors were categorized as being
highly vulnerable (Indicator value 0.5). Following the application of Scenario
2, including a functioning EWS, the indicator value is expected to improve to a
lower vulnerability, slightly vulnerable (depending on characteristics of the
installed system), that is, indicator value equal to 0.25, according to nomen-
clature in the methodology. These factors were then combined in a hierarchical
structure as specified in the methodology.

Fig. 6.4 shows the resulting decrease in vulnerability of receptors as a
result of EWS implementation. Adjusting of factors and weights in the SRRA
allowed for inherent study-area characteristics and social sensitivities to be
accounted for, while focusing on areas of importance.
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6.3.2 Social economic RRA

The application of the social economic RRA resulted in aggregated values and
damage maps. Clearly, a reduction of flood volumes, that cause floodplain
inundation, results in the least damage in monetary terms.

Table 6.3 shows that relative benefits of structural measures are signifi-
cantly higher than nonstructural measures for this case study. However, it
should be noted that costs of implementing the two scenarios are different.
Thus, although a reduction of potential flood losses corresponding to the
introduction of a reliable EWS is less than that corresponding to structural

FIGURE 6.2 (A) and (B), Floodplain inundation; baseline and scenario one, respectively.
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measures, it may be less expensive and, therefore, appropriate in a coste
benefit consideration.

6.4 Conclusion

This chapter presented an application of the KULTURisk methodology to an
alpine catchment located in the Ubaye Valley. The methodology was found to
be adaptable to needs expressed by stakeholders, and the type and resolution of

FIGURE 6.3 RRA: (A) Baseline and scenario two, (B) scenario one and scenario three.
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available data. Most notable was the need for continuous interactions with
local stakeholders (e.g., Refsgaard et al., 2007) at each stage of application
which helped build-up stakeholder confidence in the output and understanding
of model assumptions and procedures applied. The KULTURisk methodology
was found to be a useful decision-making tool, which gives insight into
(physical, social, and economic) benefits of proposed measures for flood risk
reduction. Stakeholder participation in the determination of weights resulted in
a transparent process and yielded a better understanding of inherent un-
certainties in the analysis.

In terms of damage cost, the value of statistical life (VOSL) was found to
be the highest value factor. Sensitivity of the VOSL, as compared to damage
costs of the other receptors, was attributed to a high value estimated at V3.1
million (OECD, 2012), especially when multiplied by the affected population.
It should be mentioned that even without the use of VOSL, which is ques-
tionable for ethical reasons (e.g., van Wee and Rietveld, 2013), potential losses

TABLE 6.1 Percentage of physical damage to receptors.

Receptor

Damage

level

Baseline and scenario 2

(%)

Scenario 1 and

scenario 3 (%)

Buildings Inundation 31.83 6.04

Partial
damage

0.00 0.00

Destruction 0.00 0.00

Roads Inundated 20.11 6.45

Agriculture Inundation 10.32 1.08

Destruction 7.40 0.73

TABLE 6.2 Potential fatalities and injuries (total exposure ¼ 3380 people).

Scenario

Injuries potential fatalities

Number

(�)

Percentage

(%)

Number

(�)

Percentage

(%)

Baseline and
Scenario 2

60 1.74 3 0.075

Scenario 1 and
Scenario 3

11 0.32 1 0.010

The values displayed are as a result of the application of the model in a worst-case scenario
application considering maximum possible exposure.
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of human lives are the most significant factor triggering efforts for flood-risk
reduction.

Results show that risk-prevention measures that bring more benefits would
be a reduction of the flood-hazard metrics in the floodplain, coupled with the
implementation of nonstructural measures to improve receptor resilience;
however, further alternatives and combination of measures may be tested.

The effect of hydraulic-model uncertainty on the flood-risk analysis output
is not well understood. As an extension to this work, accounting for hydraulic-
model uncertainty within the KULTURisk methodology application would
yield insight into suitable methodologies to treat uncertainty.

The methodology may be further improved by accounting for the projected
cost of implementation of the proposed measures, which would enable an
analysis of the costebenefit ratios.

FIGURE 6.4 The benefits of nonstructural measures.

TABLE 6.3 Relative benefit of the different scenarios (%).

Receptor Scenario 1 Scenario 2 Scenario 3

People 64.3 15.4 69.8

Buildings 80.6 18.5 84.3

Infrastructure (roads) 67.9 27.8 76.8

Agriculture 89.6 10.2 90.6
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