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For forecasters and emergency managers the prediction of human impacts due to such a sudden
onset and localized event as Flash Flood remains a challenge. The starting point of our research is
that the resonance of the spatial-temporal context of the hazard with the distribution of people and
their characteristics across space and time reveals different paths of vulnerability and defines the final
picture of an exposed area in terms of deadly impacts. In the case of flooding fatalities, for instance,
the elderly are often said to be the most vulnerable, but when fatalities are mapped against basin size
and response time, it has been shown that in fact it is young motorist who are most likely to be killed in
flash flooding of small catchments, whereas the elderly most frequently perish in their homes from
large scale fluvial flooding. In addition to that, impacts in terms of loss of life are very much related to
the space-time distribution of the everyday life social activity. It means that, depending on contingent
conditions (e.g. rush hours when there are errands to run and children to pick up and lots of other cars
on the road, or working hours when people feel they must be at work regardless of the conditions)
perception of environmental cues and warning messages may be hindered emerging different causes
and outcomes of social vulnerability.

Unfortunately, flash flood monitoring and prediction tools (e.g. distributed hydrologic models) do not
incorporate social vulnerability. In this work, we seek to develop an impact-specific forecasting tool
that will integrate flash flood forecasting hydrological modelling with information about the social
vulnerability of the exposed population. To do so, we need to i) measure and map index-based
vulnerability scenarios that describe the space-time variability of the vulnerability level; ii) explore the
link between the vulnerability levels resulted from different vulnerability scenarios with the level of
human impacts; iii) combine the space-time vulnerability indices with the available distributed
hydrologic models to test the efficacy of such integrated models in reproducing the impacts of selected
past catastrophic events.

Galatia Terti’s first year of research was dedicated to the understanding of the root vulnerability
causes and to identification of the available dataset to measure social vulnerability to FF. Available
literature was reviewed to support our research framework and to provide the required hypothesis for
the FF vulnerability assessment. The main output of this phase is the submission of a scientific paper
that conceptualizes the dynamic aspect of social vulnerability during a FF event (Terti et al., 2015).
Furthermore, social (i.e. population socio-economic profile), exposure (i.e. population distribution, land
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use), and physical (i.e. built and natural environment) information from various data sources in US
have been explored. Especially, we focused on exploring different US census datasets to find out the
available socio-economic variables relevant to describe our assumptions in social vulnerability
measurement. In the second year of the PhD, human impact data were analyzed to in order to
examine the circumstances in which they occur and identify proxy variables that could be tested as
human risk predictors.

In addition to facilitating research development, the Labex OSUG@2020 research funds allowed
Galateia Terti to attend two international summer schools to acquire new knowledge and techniques in
developing interdisciplinary social-physical sciences projects and using complex system modelling
(Agent-Based modelling, Cellular automata, Complex networks and Spatial statistics).
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Terti, G., 2014. Synthetic schema of the concept of the project

Bilan daté du 12 septembre 2017

2/4



=ESUG@2020

Ce projet est soutenu par le Laboratoire d'Excellence OSUG@2020
(ANR10 LABX56) financé par le programme d'Investissements

Observatoire des
Sciences de I'Univers

de Grenoble d'Avenir lancé par I'Etat et mis en oeuvre par I'ANR.

Abstract:

The purpose of this research is the identification of the human-dependent - Al A .

vulnerability factors and their spatio-temporal scales that can alter the type yn amic vuinerani |ty -

and social distribution of Flash Flood (FF) events’ impacts. Unlike previous

studies, in this research vulnerability is not considered as a static H - H H /
e Space-Time vulnerability factors considering
from the interaction of social and physical dynamics across scales.

Understanding the vulnerability processes and their dynamic interrelation

in space and time is the first step towards the reliable quantification of FF a s oo eve nts

spatial-temporal vulnerability. Based on this analysis, factors could be

converted into relevant variables to serve as vulnerability indicators to

measure and map dynamic vulnerability using the appropriate models and

tools. In this way, this research could be a valuable tool for FF impacts University Jo
prediction and forecasting approaches.

1. Introduction 2. Flash flood hazard-specific
Global Environmental Change: last decades dynamic vulnerability e X
FFs tend to increase with the increase of the Scaling issue: features related to physical &
climate extreme as . ility: social science vary from local areas to global
well as the progressive urbanization (De Roo et al., o : earth and from individual perspectives to
2003). . i X continuous changes of physical & social characteristics as g‘:er:zﬁfnzlncf:‘tﬁxz ?gxgsé{f:?:fetr"‘felw
Flash Flood: short-term inundation, occurring well as of their interactions in space (s) & time (t). pending

4. Discussion & conclusions

Vulnerability to FF is the result of:
v Environmental factors related to global climate
change (e.g. global warming/extreme precipitation
increase) & the environmental change (e.g. land use

change)

within 6 hours of the causative event (heavy rain, [ pynamic vulnerability encompasses the complex upwards or | | (51°%em et 2000; Cash etal, 2006) ¥ Social factors related to human decisions (e.0.
dambreak, levee faiure, snowmelt and ce jams) ||| downwards inkages betieen sodal of natural procecees Ty NP e popuiation gronth i (ornear) foad prone reas/
and often within 2 hours of the start of high themselves as well as their interactions that make people & Vi uman behavior during crisis)

intensity rainfal (NOAAINWS). property susceptible to ham when they are exposed to a v Spatial scale: What is the geographical extent of physical/natural origin

v Little or no warning FF event. processes? b <

v Fast speeds v Social scale: What is the jurisdictional level or the social network that is

v Peak reach in a few minutes Elem‘ems atrisk (el 9. (Sel';ﬁ:gz: m';:l:: Ms?ﬁ!f‘ca’?&‘\"(cfg & responsible for each social process? Integrated vulnerability analysis:
Vulnerability: people’s and property’s ’ﬁﬂf;\';f;:;‘glf' construction material) | evacuation feasibilty) v Temporal scale: How much a process lasts and so, how slow or fast it . .
susceptibility to harm due to their exposure to a Py Ls P > evolves? L _Need for_myltl-scale & ml_lltllevel
specific hazard (Cutter et al., 2009). Flood characteristics Human Cognitive & mental Physicalfactors Socil factors interdisciplinary perspective
v Most of the weather-related fatalities in US & (eg. frequency, || characteristics (eg. processes (e.g. Risk ':
Europe magnitude) disabilities) awareness) - Most of the processes that are critical for vulnerability
v Damages to vehicles, road network, bridges & Exposure Sensitivity Coping % to FF do not belong to the same level of one scale
buildings ® ) ?gg)ﬂcw 4 (e.g. spatial or temporal)
(NOAA; Jonkman, 2003)
‘ , i . C Focus only on the FF spatio-temporal level will lead
What are the main drivers of FF consequences? Vuinerability = fE(t:s); S(t:s); CC(t:5); ; (£:5)) 11}/ - . to loss of information.
P /-V\) . The variety of processes’ nature (e.g. natural,
7 (@) Flash flood Spatial & temporal scale: anthropogenic, social) implies for using a variety of

scales (e.g. spatial/social)

m Sudden onset: Hits anywhere & needs less than
g /' 6h (or less than 1h) from the rainfall start.

< %a Time: G | I l Cm les need to b tible & bl
(0500 | o it processes e scales ne e compatible & comparable.
2.0t "\ Fast moving: The rainfall intensity (storms) 2 . P pa
i " . 5 contributes to high flow rates within short
Social-environmental interactions 2 [r— w
! ) duration (e.g. hours). _ o
(Montz and Gruntfest, 2002; Ruin et al,, 2008; e R e CreE ™ * Need for dynamic consideration of the
Creutin et al., 2009) space  —>, 4 7 S > vulnerability processes
(a few km2).
2 g o
S Every process varies across a spatial or temporal range
Need for int ted study of th Iti I X In contrast with river flooding where the proximity to streams and rivers. ounty 10—
leed for integral udy of the multiscale indicate a potential isk level, the spatial distribution of very small — o c E tio-ter 1 level does not constitut
natural & the human-related attributes drainage areas prone to F, imits the efficacy of flood zoning measures haicpuny very spatio-temporal level does not constitute
(Turner et al, 2003; Adger, 2006) for FF prevention. w0 point but has an extent.
w
X Forecasting ability to predict the exact location of FF with much warning -
D lead-time is hindered. Unlike river floods where extreme discharges can Neighborhood o Processes that take place in scales similar to the spatial-
What are the social-environmental be predicted in advance and people have adequate time to move to £ e temporal context of the phenomenon under study can
a \vulnerability factors & their related safer places (i.e. higher grounds), the early and accurate FF prediction Housenold: 000 be characterized as the most dynamic
scales that determine the spatio- s a big challenge. ety = "
0 temporal dynamic variability of Sec M Hou Day Weok Monh Year Decade Cantry Milenum TEBEORAL . .
vulnerability? % The space-time scale of flooding alters the dynamic of the phenomenon (duration) Changes in higher or lower levels provide possible
How dods the type of hazard (space and provokes differences in vuinerable targets. Such a dynamic and fast — constrains or further subdivisions of the studied
ime scales) affect vineranity & event has more chance to trap people n their vehicie or during actvities Focuson:  Fine spatial-social-temporal scale problem, respectively.
determine the FF impacts? in the open air especially during rush hours. Local spatial-social / short-fuse temporal level
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Terti, G., 2014. Poster presented at the Water and Society summer school, May 11-17, Oléron,
France.
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Fatalities in the United States. Bull. Amer. Meteor. Soc. doi:10.1175/BAMS-D-15-00276.1, in press.

Terti, G., 2014. Forecasting of flash flood impacts integrating the space-time distribution of social
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Bilan financier succinct (avec suivant les cas : co-financements éventuels, équipements
achetés, missions, recrutements divers, fonctionnements divers...)

Objet de la dépense Date Montant
Participation G. Terti a I'école thématique Water and Society 11-17 Mai 2014 500€
Participation G. Terti a I'école thématique Spatial Structures and 14-19 juillet 2014 791,66€
Dynamics

Séjour de travail avec le partenaire américain — frais de Novembre 2014- 1072,28€
déplacement printemps 2015

Participation aux frais de publication 2015 1136,06€

Le National Severe Storm Laboratory (NSSL) participera a 50% du
co(t final de publication.

Annexes si besoin ou lien sur des sites existants et pérennes jusqu’a la fin du

Labex (2020)
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