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ABSTRACT: The objective of this paper is to examine how current techniques for flash-flood monitoring and forecasting
can meet the needs of the population at risk to evaluate the flood severity and anticipate its danger. To this end, the social
response time for different social actions in the course of two well studied flash flood events which occurred in France
and Italy is identified. The event management activities are broadly characterized into three types according to their main
objective (information, organisation and protection). The activities are also classified into three other types according to
the scale and nature of the human group involved (individuals, communities and institutions). The conclusions reached
relate to (1) the characterisation of the social responses according to watershed scale and to the information available, and
(2) to the appropriateness of the existing surveillance and forecasting tools to support the social responses. Results suggest
that representing the dynamics of the social response with just one number representing the average time for warning a
population is an oversimplification. It appears that the social response time exhibits a parallel with the hydrological response
time, by diminishing in time with decreasing size of the relevant watershed. A second result is that the human groups
have different capabilities of anticipation, apparently based on the nature of information they use. Comparing watershed
response times and social response times shows clearly that at scales of less than 100 km2, a number of actions were
taken with response times comparable to the catchment response time. The implications for adapting the warning processes
to social scales (individual or organisational scales) are considerable. At small scales, and for the implied anticipation
times, the reliable and high-resolution description of the actual rainfall field becomes the major source of information
for decision-making processes such as deciding between evacuations or advising to stay home. This points to the need
to improve the accuracy and quality control of real time radar rainfall data, especially for extreme flash flood-generating
storms. Copyright  2009 Royal Meteorological Society
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1. Introduction

The term ‘flash flood’ identifies a rapid hydrological
response, with water levels reaching a peak within less
than one hour to a few hours after the onset of the
generating rain event (Creutin and Borga, 2003; Collier,
2007; Younis et al., 2008). The time dimension of the
flash flood response is linked, on the one hand, to the size
of the concerned catchments, which is generally less than
a few hundred square kilometres and, on the other to the
activation of surface runoff that becomes the prevailing
transfer process. Fast surface runoff mainly results from
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France. E-mail: jean-dominique.creutin@inpg.fr

the combination of intense rainfall with steep slopes
and/or saturated soils. It also results from anthropogenic
forcing such as land use modification, urbanization and
fire-induced alteration of the natural drainage system.

As regards the implementation of risk management
measures, the increasing speed of response of a cascade
of medium to very small size nested river catchments has
two consequences. Firstly, people are exposed to hazard
individually or in small groups and in a diffused manner
in space (Montz and Gruntfest, 2002; Drobot and Parker,
2007). The more we go to smaller scales, the less they are
protected by traditional structural defences which are too
expensive to build. Ruin et al. (2008) show that, during
the September 2002 storm in the Gard region, almost half
of the casualties occurred on watersheds of ca 10 km2

and impacted drivers on ill-protected secondary roads
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116 J. D. CREUTIN ET AL.

and also campers. In such circumstances, the only way
to protect people is to warn them to move to safer areas
via secured routes. Secondly, this rather complex type of
evacuation must be organised before a deadline, which
becomes progressively shorter when considering smaller
catchments. Thus, the warning procedure that converts
perceived or forecast signals into hazard evaluation and
action (Créton-Cazanave et al., 2009), must be completed
with as short a delay as possible after the onset of the
storm (Montz and Gruntfest, 2002).

The current paradigm for flood hazard monitoring and
forecasting relies on the relationship between the social
response time and the catchment response time. When
the social response time is shorter than the catchment
response time, purely hydrological-hydraulic models may
provide the forecast at the required lead time. On the
contrary, when the social response time is larger than
the catchment response time, the planning of the event
management measures requires the use of forecast rain-
fall fields such as from Numerical Weather Prediction
(NWP) models (Siccardi et al., 2005). Since the catch-
ment response time gradually varies with the size of
the catchment, both space and time considerations gov-
ern the appropriateness of the monitoring and forecasting
strategies.

After exploring the relationship between watershed
dynamics and the observed social responses in two well-
studied flash flood events, this paper examines how the
current techniques available for flash-flood monitoring
and forecasting can meet the needs of the population
at risk to evaluate the flood severity and anticipate its
danger. To this end, the chronology of different social
actions in the course of the events is identified and well
known space-time characteristics of catchment responses
employed.

The paper is organised as follows. Section 2 describes
the event selection procedure as well as the choice of
descriptive parameters, for both the geophysical and
human aspects. Section 3 quantifies catchment response
time under flash flood forcing. Section 4 introduces the
characterisation of social response, defining the type of
activity and the size of the human groups concerned.
Section 5 reviews the current monitoring and forecasting
methods that are appropriate to the range of scales
considered. The conclusions are reported in Section 6,
where the need to adapt the warning process to social
scales (individual or organisational scales), by obtaining
more real time information about rainfall accumulations,
is emphasized.

2. Data set used

The data set used combines the geophysical and human
data that were collected in the framework of recent Euro-
pean research projects (FLOODsite and HYDRATE).
These data are somewhat heterogeneous, mainly as a
result of the various difficulties encountered when observ-
ing both geophysical and social processes during extreme

events. In this section the event selection procedure and
the selected descriptive parameters employed are out-
lined.

2.1. Event selection

The selection procedure used is guided by two stages of
screening. The first stage consists of identifying within
Europe a number of ‘remarkable’ flash flood events that
caused casualties as well as damage. These events were
then checked to ensure that they resulted from a storm
that has, for some rainfall durations, a return period of
50 years or more. The second stage of screening is to
ensure that the available social observations are precise
enough to locate and describe the human actions and
decisions during the event.

The above procedure led, at the first stage, to selection
of a set of 20 notable events that were used for the
basic understanding of flash-flood dynamics at a range
of scales. At the second stage, two events were selected
for which interviews have been conducted to document
human and organisational responses.

The first storm occurred in the Gard region in France
in September 2002 (Delrieu et al., 2005). This event was
one of the most violent observed in this region during the
last few centuries (Huet et al., 2003). Rainfall accumula-
tions of more than 500 mm in 36 h covered a significant
area (ca 5000 km2) giving rise to multiple individual
reactions of the tributaries of the rivers Vidourle, Gard
and Cèze across a wide range of scales.

The second storm affected the watershed of the Fella
River, in the Eastern Italian Alps, where on 29 August
2003, a Mesoscale Convective System (MCS) impacted
a 1500 km2 wide area for almost 12 h, causing loss
of life and substantial disruption of the local economy,
with damage valued at close to 1 billion Euro (Borga
et al., 2007). The storm total precipitation peak was up
to 400 mm and the event rainfall maxima were charac-
terised by return periods in the range of 500–1000 years
for 3–12 h durations (Norbiato et al., 2007). The flood
response in the upper Fella exceeded all the histori-
cal records, with unit peak discharges in the order of
20 m3 s−1 km−2 for catchment areas up to 10 km2.

2.2. Geophysical parameters

The geophysical description of the selected flash-flood
events is based on a small number of simple and verifiable
hydrological parameters that characterise the time and
space scales of the event.

It is now well known that flash flood events are dif-
ficult to observe reliably because they develop at space
and time scales that conventional measurement networks
of rainfall and river discharges are not able to sample
effectively (Creutin and Borga, 2003). Rainfall accumu-
lations for each event were carefully evaluated by using
both raingauge and bucket data. More detailed rainfall
estimates in space and time were obtained by adjusting
radar observations to account for the physics of the radar

Copyright  2009 Royal Meteorological Society Meteorol. Appl. 16: 115–125 (2009)
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CATCHMENT DYNAMICS AND SOCIAL RESPONSE DURING FLASH FLOODS 117

sensing and incorporating the above rainfall accumula-
tion data in the adjustment procedure (Borga et al., 2002).
Discharge data were obtained by combining streamgauge
measurements when available and reliable, post-event
surveys and model simulations, to obtain indirect peak
discharge estimates together with eyewitness accounts
to estimate the timing of the peak discharges (e.g.Borga
et al., 2007 and Marchi et al., 2008).

Given these observations, the concept of lag time
was used to characterise the dynamics of the basins
of interest. In this study, the lag time was defined as
the duration between the time of the centroid of the
generating temporal rainfall sequence and the time of the
discharge peak. Note that the centroid of rainfall amounts
was used, instead of the more physically sound centroid
of the excess rainfall (Morin et al., 2002), due to the
difficulty of reconstructing the excess rainfall sequence
for each event.

2.3. Human organisation parameters

The human responses to the two flood events resulting
after the second stage of selection are listed in Appendix
A (Table A.I, A.II, A.III, A.IV). The data set is divided
into a series of cases corresponding to the occurrence of
a storm event on a particular watershed. For instance, the
2002 Gard event was split in to three distinct cases: the
case of the Gard River itself that covers ca. 2500 km2,
the case of the Vidourle River (an adjacent river of
ca. 600 km2) and the case of the Valliguières River
(a tributary of the Gard River of ca. 100 km2). This
distinction was useful to examine the different types of
documented human responses as a function of catchment
area size. For the 2003 event that occurred in the Fella
region (Italy), given the lesser scale of the storm, only
one case is considered.

Each case is associated with a documented sequence of
human actions that are positioned in time and space and
which are described in enough detail to be attributed to a
type of activity and to the type of human group involved.
The position of a given action in time is measured relative
to the time of the flow peak in the catchment concerned.
It can thus be considered an anticipation time with respect
to the peak of danger if, as a first guess, a direct linear
relationship between the water flow and the danger is
assumed. The position in space is measured by the size of
the watershed, assuming that watersheds of the same size
will provide comparable conditions across the considered
region.

Human data gathering included different but comple-
mentary strategies and techniques. For both events, exist-
ing data from secondary sources, such as municipal and
provincial archives, logbooks from rescue brigades, as
well as reports from experts (such as Huet et al., 2003
for the Gard event; PC- FVG, 2004 for the Fella event)
were used.

To supplement this information different types of inter-
views were also used. For the Fella case 14 semi-
structured interviews were conducted with members of

relevant institutions, such as local authorities, civil ser-
vants, community leaders, politicians, scientific and tech-
nical experts and members of the local fire brigade corps.
In addition, a semi-structured questionnaire survey of
100 residents was used which included some open-ended
questions about residents’ behaviours during the event
(De Marchi et al., 2007, for a description of the research
design). For the Gard flood, 30 in-depth field interviews
were conducted 8 months afterwards, asking people to
explain how they experienced the event, with their own
words and scale of time. For example, a witness on the
Valliguières River watershed reported the following: ‘Our
Sunday went as usual until 1000 or 1030 in the evening.
Then we saw some water entering the basement. A friend
came to help us evacuating packs containing bright new
furniture for our kitchen we stored there. My wife injured
herself helping us to evacuate the packs. When my friend
left I told him as a joke that if we were flooded tonight,
we will come to him. [. . .] I worried. I tried to call the
fire brigade in order to evacuate my wife but the road
was flooded. One hour after, we decided to leave our
home with our child”. This example concerns a small
group of people (a family). Four distinct activities have
been identified in this interview and appear as elementary
actions in Table A.III associated with the following types
of activities and social scales: (1) identifying water inside
the house (information, individual); (2) evacuating goods
(protection, individual); (3) requesting help (organisation,
individual); (4) evacuating people (protection, individ-
ual). The evacuation of the family has been set at 0030
local time (2230 UTC), assuming that it took them one
hour to evacuate the goods from the basement and to
request help.

3. Rainfall field variability and catchment dynamics

It is well established that atmospheric convection produc-
ing flash flood events is either isolated or organised in a
mesoscale convective system (MCS) (See for instance
Ricard et al., 2007 about the 2002 event). Embedding
convective cells with their own life cycle, MCSs produce
rainfall fields that are highly variable in space and time.
The rainfall variability stimulates the nonlinear dynamics
of stream flow generation over a wide range of scales
(Menabde and Sivapalan, 2001; Dodov and Foufoula-
Georgiou, 2005, among others). In turn, significant dif-
ferences can be observed between the flood dynamics of
elementary tributaries compared to the dynamics of the
global catchment. The example given in Figure 1 illus-
trates the response of the Fella River (Italy) in August
2003 at three different spatial scales (0.65 km2, 24 km2

and 165 km2). To assist in comparison, the Figure dis-
plays specific discharges, i.e. takes the ratio between the
discharge values and the catchment area. The response
time changes markedly through spatial scales, ranging
from less than 1 hour (ca 40 min.) over the basin of
0.65 km2 to 5 h over the basin of 165 km2. More-
over, this example confirms that the different response

Copyright  2009 Royal Meteorological Society Meteorol. Appl. 16: 115–125 (2009)
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Figure 1. Catchment dynamics during the 29 August, 2003 event at three spatial scales: the Cucco basin (0.65 km2) ( ) the Uqua River at
Ugovizza (24 km2) ( ) and the Fella River at Pontebba (165 km2) ( ).
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Figure 2. Lag time (in h) versus drainage area (in km2) for the selected events. The model representing the lower envelope is drawn in dashed
line. Gard-2002 and Fella-2003 events are marked with stars.

timescales are observable within the same flash flood
event which produces extreme values at all scales. Sim-
ilar embedded responses have been observed for other
flash flood events (Delrieu et al., 2005).

Bearing in mind these general hydrometeorological
considerations and seeking to understand how the water-
shed dynamics might impact human responses, we used a
classical space versus time representation of the response
time of a series of variously sized watersheds from the
20 flash flood events selected during the first stage of the
study (See Orlanski, 1975 in meteorology and Blöschl
and Sivapalan, 1995 in hydrology for examples of use
of comparable graphs) was used. Figure 2 shows the
lag time versus the watershed area for the set of flash-
flood events, which occurred in Austria, France, Greece,
Italia, Romania, Slovakia, Spain and the United Kingdom
(Borga et al., 2008). This graph clearly shows a lower
limit to watershed response time, which increases as a
power function of the watershed size:

t = 0.1A0.55 (1)

with the lag time t , in h and the watershed area A, in
km2.

The line chosen to show this lag-time limit is close
to that reported by previous studies (Sivapalan et al.,
2002; Berne et al., 2004) and has an exponent close
to 0.5, which would be expected if the water velocity
was constant over the considered range of scales. The
dispersion of the points above this limit reflects the degree
of resonance between the strength, size, duration and
position of the generating storms and the size and position
of the watersheds.

As far as the two events specifically selected for the
social response study are concerned (the two events are
identified as Gard-2002 and Fella-2003, hereinafter) and
Fella, 2003), their position in Figure 2 shows that they
are representative of the set of events, with some points
being rather extreme in term of speed of response.

4. Characteristics of the social response

As mentioned in Section 2, Tables A.I, A.II, A.III and
A.IV describe the chronology of four cases of flash-
floods. Each reported action is qualified by the nature of
the actors at the origin (initiator) and at the end (receptor),

Copyright  2009 Royal Meteorological Society Meteorol. Appl. 16: 115–125 (2009)
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CATCHMENT DYNAMICS AND SOCIAL RESPONSE DURING FLASH FLOODS 119

by the type of activity concerned (one of information,
organisation or protection) and by the type of human
group concerned (one of individual, communities or
institutional).

In previous work, it was observed that social actions
for protecting goods or persons are preceded by a phase
of assessment of the situation (Créton-Cazanave, 2008).
Three types of actions were distinguished: information,
organisation and protection. These apply to all the actors,
from forecasters to inhabitants and to all social group
sizes. The information phase covers the collection of
data and its crosschecking with other data or actors to
assess its quality and relevance. It is the first activ-
ity of the warning cycle. Organisations synthesise and
transform the above information before initiating a struc-
tured response such as mobilisation of human forces or
the implementation of a pre-established defence plans.
Chronological and logical organisation takes account of
the available information and prepares the protection
phase which ends the cycle. Protection involves efficient
actions in terms of safety such as preventive evacuation
of people or goods as well as rescue missions.

Human actions are also classified in to three types

according to the size of the groups concerned. Individu-
als, communities and institutions are distinguished. ‘Indi-
vidual’ concerns just one person and/or a small social
entity (a family, for instance). ‘Community’ pertains to
small groups of people, which may be more or less organ-
ised, to deal with emergencies. Neighbourhood groups,
voluntary associations, but also the population of a school
or a company as well as the population of small geo-
graphic entities such as villages are included in this cate-
gory. ‘Institution’ includes the public organisations such
as police or civil protection as well as the national admin-
istration, its local representatives and technical operators
like meteorological offices and water management depart-
ments.

Figure 3 displays the information contained in Tables
A.I, A.II, A.III and A.IV according to the size of the rel-
evant watershed and to the type of action (Figure 3a) as
well as to the type of group of actors (Figure 3b). Exam-
ination of the different types of activities in Figure 3a
supports the relevance of the logical cycle: information-
organisation-protection. Even though the information
gathering and analysis generally takes place among the

(a)

(b)

Figure 3. Representation of 43 elementary human actions in a logarithmic plot of their anticipation time (i.e. time of action before the flow peak)
versus the area of the watershed where they occurred. Three types of actions (a) × Information, � Organization, ž Protection; as well as three
types of sizes of human groups (b) ž Individual, ♦ Communities, � Institutional, are distinguished by the shape of each point representing a

elementary action.
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120 J. D. CREUTIN ET AL.

first activities (except in one case), it is first notice-
able that organisation and protection intervene at differ-
ent stages in the sequences for the four cases. Different
explanations can be given. An evolving flood situation
generally demands successive waves of reaction cycles.
Missing information in the dataset makes the documen-
tation of these basic cycles incomplete. Nevertheless, it
is noticed that complete cycles are present at all scales,
confirming that this generic decomposition pertains to all
sizes of human groups and is useful at all scales. It is also
noticeable that no action is reported after the time of the
peak. This is related, in a sense by definition, to the fact
that selection of actions on risk prevention, rather than
risk relief, was concentrated on. However, given the time
needed for these different types of response to be effec-
tive, it must be realized that some cycles can potentially
fail to work correctly when the reaction of the watersheds
to rain comes before the full implementation of the social
response.

Examining the social scale of the activities in Figure
3(b), assists in the analysis of the spatial dimension of the
social response. Firstly, the characteristic reaction time
of the different human groups decreases markedly with
reducing size. The institutional reaction time develops
around 30–36 h before the flow peak (Table A.I). The
community reaction appears to be organised in 7 h and
starting from 23 h to 6 h before the peak (according to
Table A.II). The individual reactions appear to be much
shorter and starting a few hours before the peak.

Secondly, the size of the watersheds seems to be asso-
ciated with the size of the reacting human groups. Most
of the actions conducted by institutions apply mainly to
the largest watersheds (Gard and Vidourle) while, on the
smaller ones, communities and individuals take charge
of the response. The dominance of institutional activi-
ties on large watersheds masks community and individ-
ual actions at those scales that are under-sampled in the
dataset. For example, institutional actions certainly have
effects on small scales through the broadcast of infor-
mation but there was little indication in interviews of
individuals and communities that they made use of such
information. On the other hand, it is interesting to con-
sider the cases where the individual response dominates.
In the isolated locations that are not well covered by the
institutional response, individuals have to protect them-
selves on their own. For example, in the Fella river case
study some residents undertook an autonomous evacu-
ation, saving their lives and those of their neighbours.
This decision was made as a result of monitoring the
level of the streams and possible points of obstruction.
In this phase the village was almost isolated due to the
obstruction of nearby roads caused by debris flows and
institutional intervention was not possible.

A third point is that human groups have different abili-
ties to anticipate flooding based on the nature of informa-
tion to which they have access. The information available
at institutional scale comes mostly from meteorological
and water services. In the cases studied here, even when
the meteorological information is distributed early, at the

smallest scales people appear to rely on their own mon-
itoring of the water levels. In these cases, reliability of
the sources of information plays a crucial role. In both
the Italian and the French cases, the local voluntary fire
brigade groups are considered the main safety agency
by the residents, possibly due to their local attachment,
their deep knowledge of the territory, and their train-
ing in facing such emergencies. Besides, the hydrological
evidence of the flood seems to be necessary for individ-
uals and communities to react. As shown in a parallel
study (Créton-Cazanave, 2008) the current meteorologi-
cal information needs to be adapted at a smaller scale to
be used directly by communities and individuals.

In summary, the social response is reasonably well
described by a generic cycle: information-organisation-
prevention across different group sizes. These groups
have rather different characteristic temporal behaviours
as regards both their anticipation and response.

5. Adequateness of monitoring and forecasting
techniques at different scales

Having defined, on one hand, the time and space charac-
teristics of the hydrometeorological response (Figure 2)
and, on the other, the characteristic times of different
types of social responses (Figure 3), these elements can
be combined in order to appreciate the relevance of exist-
ing monitoring and forecasting tools.

Figure 4 combines, into the same space-time graph
used for Figure 3, the lag time limit of Figure 2, indi-
cating the relationship between the lower limit of catch-
ment lag time and the corresponding catchment area
(t = 0.1A0.55). In order to account, at least qualitatively,
for the minimum duration of the rainfall event generating
the catchment response, the function t = 2 (0.1A0.55) has
been drawn. The shaded transition area obtained divides
the time and space scale domain into two areas. Above
the shaded area, the meteorological generation of the rain
field is the dominant process. At such space scales and
anticipation times, the risk precursors are meteorologi-
cal factors. Below the transition area, runoff propagation
is the dominant process and the relevant risk precursors
are hydrological factors. The time scale of Figure 4 is an
anticipation time with respect to the peak discharge. This
figure can thus be used to examine the type of action
according to the anticipation time and the catchment lag
time.

Figure 4 globally shows that the position of human
responses with respect to the flood dynamics is rather
homogeneous through a range of scales. Except for the
Valliguières case (93 km2) the distribution patterns of
human actions relative to the flood dynamics are similar.
They cover a time range equal to 2 to 4 times the reaction
time of the catchment and they rarely go beyond the rain
peak (i.e. below the lag-time line). As a consequence,
most part of the reported human actions develop at
periods dominated by the meteorological processes. In
that respect additional comments can be made.
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CATCHMENT DYNAMICS AND SOCIAL RESPONSE DURING FLASH FLOODS 121

Figure 4. Representation of 43 elementary human actions in a logarithmic plot of their anticipation time versus the area of the watershed
where they occurred. Three levels of organisation of the actors are distinguished by the different dot shapes: ž Individual, ♦ Communities, �
Institutional. The lower line of the shaded area represents the relationship between the catchment lag-time and its drainage area. The upper line

is Log (2) above the lower line and qualitatively indicates the characteristic duration of the generating rain event.

The anticipation at the broader scales relies on the use
of NWP models for rainfall forecasting and on the genera-
tion of relevant flooding scenarios that are summarised in
the official broadcast of the meteorological services. It is
noted that the largest spatial scale explored in this study is
still relatively modest (2500 km2) compared to the typical
areas targetted by NWP. At the smaller scales the antici-
pation time is much shorter (4 or 6 h) and the question is
raised about the type of information used. Examination
of the responses at a scale of less than 100 km2 reveals
that several organisation and protection actions occurred
just before the peak time, and generally at anticipation
times less than the catchment response. It is difficult to
evaluate how these actions were triggered; however, as
reported above, in general it was the rising water levels
in the neighbouring rivers, rather than the information
received from outside, that triggered the individual and
community actions. Of course, some of the evacuations
were organised at these short anticipation times prov-
ing that the reactivity of communities and individuals is
well adapted. Other actions, which are equally important,
included the decision to stay home and to avoid mov-
ing. This implies that the information required at these
time scales, and for these anticipation times, is a reli-
able and high-resolution description of the actual rainfall
field and of its likely impact on the hydrologic response
at very short times. For example, organising the evacua-
tions requires knowledge of how the potential routes can
be hit by inundation in the next half hour or less.

Flash flood forecasting tools relying on accurate radar
monitoring of the precipitation field and pre-established
hydrological scenarios linked to the soil-moisture status
of the soils, such as the Flash Flood Guidance method
(Georgakakos, 2004, 2006; Martina et al., 2006; Norbiato

et al., 2008), may provide enough information for warn-
ing at these space and time scales. Such real time analysis
of radar rainfall accumulations allows forecast lead times
that are at least equal to the response time of the water-
sheds and potentially allows handling of basin sizes that
match the radar resolution. A key advantage of these
methods is that they allow the forecaster to ingest local
precipitation information easily and to update warnings
without the need to run complex hydrometeorological
forecasting chains (Norbiato et al., 2008).

6. Conclusions and future research

This paper compares watershed dynamics under flash
flood forcing to observed social responses for two well
studied flash flood events, with the objective of identi-
fying whether the current techniques available for flash-
flood monitoring and forecasting can meet the require-
ments of populations to evaluate the severity of floods and
anticipate their danger. To this end, the social response
time for different social actions in the course of the floods
are identified, and compared to the relevant catchment
response time.

In the same way that the response time of a watershed
is linked to its size, it is assumed that the characteristic
time of the above defined warning procedure depends
on the number of people concerned and on the level of
information available about the hazardous phenomenon.

Event management activities are broadly characterized
in to three types according to their main objective (infor-
mation, organisation and protection). The activities were
also characterised into three types according to the scale
of human organisation involved (individuals, communi-
ties and institutions). This simplified schematisation of
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122 J. D. CREUTIN ET AL.

the human response was necessary because of the lack of
structured observations. Two main parameters are used to
characterize the timescale of social actions in regard to
the storm and flood dynamics: the anticipation time and
the reaction time.

The conclusions pertain to (1) the characterisation of
the social responses according to watershed scale and to
the information available, and to (2) the appropriateness
of the existing surveillance and forecasting tools to
support the social responses identified above.

It is observed that the spatial scale seems to determine
the size of the reacting human groups, and that there is
a link between the spatial scale and the social response
time. Most of the actions conducted by institutions apply
to the largest watersheds while on the smaller ones com-
munities and individuals are primarily in charge of the
response. The institutional reactions develop as early as
30 h before the event when community reactions appear
to be concentrated to ca 6 h and individual reactions
in even less time. This suggests that representing the
dynamics of the social response with just one number
representing the average time for warning a population
is an oversimplification. In practice the social response
exhibits a parallel with the hydrological response time,
by diminishing in time with decreasing the size of the
considered watershed.

Secondly, it is observed that human groups have dif-
ferent capabilities of anticipation apparently based on the
nature of information they use. The information available
at institutional scale comes mostly from meteorological
services, whereas at smaller scales, even when the mete-
orological information is provided in a timely fashion,
people act on other types of data, primarily monitoring
the level of water. This suggests that, even though at
small scales, actions are characterised by shorter response
times than at larger scales, worthwhile decisions may be
taken with considerable delay with respect to the onset
of the precipitation.

These results were confirmed when comparing, on
the same graph, watershed response times and social
response times. This showed clearly that at scales less
than 100 km2, a number of actions were taken with
response times comparable to the catchment response
time. The implications for adapting the warning processes
to social scales (individual or organisational scales) are
considerable. At small scales and for the implied antici-
pation times, the reliable and high-resolution description

of the actual rainfall field becomes the major source of
information for decision-making processes e.g. initiating
evacuations or advising to stay put. Methods such as the
Flash Flood Guidance (FFG) may provide enough infor-
mation for warning at these space and time scales. Such
real-time analysis of radar rainfall accumulations allows
forecast lead times that are least equal to the response
time of the watersheds and potentially allows handling of
basin sizes that match the radar resolution. Clearly, this
leads to the stressing of three major issues: (1) the need
to continue to keep improving the accuracy and quality
control of real time radar rainfall data, especially dur-
ing extreme flash flood generating storms; (2) the need to
provide access to more and more accurate real time infor-
mation about rainfall accumulations during the decision
making process, and, (3) the need to ensure widespread
access to this information and to produce products which
are readily understandable (such as the FFG) by people
at risk.

There is clearly a need to confirm these results by
means of further studies based on other events. The obser-
vation that a human society is to some extent structured in
cascade, with space and time scales of response that are
adapted to the disturbing atmospheric and hydrologic pro-
cesses, may have a wide range of implications. One may
deserve specific attention. The observation may provide a
clearer view of the differences between social responses
to natural hazards, distinguishing those hazards which
are organised according to a natural spatial scale order-
ing (such as the flood hazard), from those hazards which
are not (such as the wildfire hazard). The question of
scales, so pervasive in the hydrological science, may be
developed further by considering the social scales as well.
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Appendix A
A.I Display of the Gard River case (France). Drainage area: 2500 km2. Peak time: 1800 UTC 9 September 2002

Anticipation
Time

Type of response Initiator Receptor Type of
activity

Social scale

36 : 00 Meteorological vigilance
level 3 (orange): BRS1 n° 1

Météo France Gard Department Information Institutional

29 : 56 Meteorological vigilance
level 3 (orange): BRS n° 2

Météo France Gard Department Information Institutional

27 : 00 Press release Préfecture2 Medias and population Information Institutional
25 : 35 Request of heavy means

(copters, army means, etc.)
Préfecture National authorities Organisation Institutional

24 : 30 Opening of the cell of
operational defence

SIDPC3 Organisation Institutional

24 : 00 Warning and organization of
the population’s evacuation

Mayor of Collias
(800 in h)

Population of Collias Protection Communities

23 : 53 Meteorological vigilance
level 3 (orange): BRS n° 3

Météo France Gard Department Information Institutional

23 : 05 Specialized bulletin (for
operators) un-alarming

Météo France SIDPC Information Institutional

18 : 48 Météo France Vigilance
level 3 (orange): BRS n° 4

Météo France Gard Department Information Institutional

17 : 00 The threshold of warning
fixed by the civil defence
plan is attained

Préfecture Mairie de Collias Information Institutional

16 : 33 Meteorological vigilance
level 34 (red): BRS n° 4

Météo France Gard Department Information Institutional

14 : 00 Preventive evacuation. 200
people refused to leave

Mayor of Comps
(1500 in h)

Population of Comps Protection Communities

12 : 00 Launching of plan ORSEC Préfecture Gard Department Organisation Institutional
6: 00 Rescue by helicopters of

150 people who refused to
evacuate

Army Population of Comps Protection Institutional

A.II Display of the Vidourle case (France). Drainage area: 620 km2. Peak time: 1400 UTC 9 September 2002

Anticipation
Time

Type of response Initiator Receptor Type of
activity

Social scale

23 : 15 Information concerning the start
of the flooding

Mayor of Sommières
(3700 in h)

Préfecture Information Communities

23 : 00 Help request Mayor of Aujargues
(700 in h)

SIDPC Organisation Communities

22 : 10 Vigilance thresholds of
precipitations reached on the
Vidourle catchment

SAC4 Préfecture Information Institutional

21 : 00 Proposal of warning on Vidourle
(without previous warning)

SAC Préfecture Information Institutional

20 : 50 Warning transmission (by phone) SAC SIDPC Information Institutional
20 : 11 Reception of warning message SAC Defence Ministry Information Institutional
16 : 00 Preventive evacuation of the

population
Mayor of Quissac
(2300 in h)

Quissac population Protection Communities
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124 J. D. CREUTIN ET AL.

A.III Display of the Valliguières River case (France). Drainage area: 93 km2. Peak time: 2330 UTC 8 September 2002

Anticipation Time Type of response Initiator Receptor Type of activity Social scale

4 : 30 Self warning by inhabitants watching the
level of the Gard river

Residents Neighbours Information Individual

4 : 30 Rescue of people on the roof of their
cars

Fire brigade Residents Protection Communities

3 : 30 Watching water level Residents Information Individual
3 : 00 Furniture evacuation Residents Protection Individual
2 : 00 Help request for an injured person Residents Fire brigade Organisation Individual
1 : 00 Spontaneous evacuation of a couple with

a child
Residents Protection Individual

0 : 30 Watching water level Residents Information Individual
0 : 15 Furniture evacuation Residents Protection Individual

A.IV Display of the Fella River case (Italy). Drainage area: 20 km2. Peak time: 1700 UTC 29 August 2003

Anticipation Time Type of response Initiator Receptor Type of activity Social scale

25 : 30 Alert (via Fax and SMS) Regional civil
protection

Local civil protection Information Institutional

6 : 00 Control and monitoring of
the most endangered areas

Local fire
brigades corps

Local authorities Information Communities

4 : 00 Warning (sirens) Local fire
brigades corps

Local authorities Information Communities

3 : 30 Protection for the most
endangered houses
(sandbags, water channels,
etc.)

Local fire
brigades corps

Residents Protection Communities

3 : 00 Local vigilance and
organization

Residents Organisation Individual

3 : 00 Help brought to neighbours Residents Neighbours Protection Individual
3 : 00 Watching of water level Residents Information Individual
3 : 00 Decision to stay at home

and to avoid to move
Residents Protection Individual

3 : 00 Spontaneous individual
evacuation

Residents Protection Individual

3 : 00 Went to control house Residents Information Individual
2 : 00 Road closed to the traffic Provincial civil

protection and
prefect

Organisation Institutional

2 : 00 Help and support request National Interior
Ministry

Foreign civil protection
(Austria, Slovenia, city
of Bamberg)

Organisation Institutional

1 : 00 Autonomous evacuation Residents Protection Individual
0 : 15 Compulsory evacuation Provincial civil

protection,
mayor, residents

Protection Institutional
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