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Abstract. On a frequency, depending on their size, small1 Introduction

celestial bodies enter into the Earth atmosphere and collide

with our planet. On a daily basis, the size is likely to be The identification of impact craters on the Moon as well as
about 20 cm, while for monthly events the largest it may beon the terrestrial planets, including the Earth, have provided
is about 1 m. The last significant witnessed event occurrecvidence that the population of Near-Earth Objects (NEOs
in 1908 in the Siberian area of the Tunguska. The forest wasereafter) represents a hazard of global catastrophe for hu-
devastated over an area of 2000%kmAccording to recent  man civilization. Several studies in the late 20th century (Al-
estimates, this kind of event could occur with a frequencyvarez et al., 1980; Toon et al., 1997) confirmed that small
of one per hundred to thousand years. Since the last cercelestial body impacts onto the Earth can provoke an Extinc-
tury, the demography and the urbanisation have significantiition Level Event (E.L.E.) characterised by massive destruc-
increased. Although the probability that such an event oc+ions that could induce the collapse of the human society and
curs over a populated area remains small, if this happenedhe destabilization of the global environment. Due to this
it could cause significant damages (industrial, shopping centevel of consequences, the community of astronomers and
tres, recreational places, etc.). From the analysis of the datastrophysicists is developing methods, tools and models to
on meteorites that have impacted the Earth, of the orbital an@btain accurate knowledge about the population of asteroids
size properties of small threatening bodies as well as their poand comets, and in particular to identify the hazardous ones
tential impact outcome, this paper proposes a methodologyFrench, 1998; Poveda et al., 1999; Chapman 2003; Morri-
to estimate the damage resulting from the impact of objectsson et al., 2002; Michel et al., 2005; Bottke 2007; Schwe-
of given sizes. The considered sizes are up to the maximunickart et al., 2008). This international community has organ-
threshold for local damages (less than a hundred metres iized a global network aimed at discovering and following-
diameter) on some given territory. This approach is basedip these NEOs, paying particular attention to the groups of
on an initial definition phase of collision scenarios. Then, ECAs (Earth Crossing Asteroids) and ECCs (Earth Crossing
a second phase consisting of the accurate modelling of th€omets) (Morrison 2007; Valsecchi and Milani Comparetti
territory, taking into account the land-use, the spatial distri-2007).

bution of the populations and goods, and the characterisation The |ast significant event recorded by human witnesses oc-
of the biophysical vulnerability of the stakes using thresholdsgrred in 1908 in the Tunguska (Siberia). This event is com-
of dangerous phenomena (overpressures). The third phase igonly interpreted as being due to the entry of a small body
related to the impact simulation on the territory, the estima-fo|lowed by its disruption in the atmosphere. According to
tion of the stakes potentially exposed and the costs of thechyha et al. (1993) and Hills and Goda (1993), the object ex-
destruction. The aim of this paper is to make a demonstrap|oded at an altitude of 10 km and had a diameter of around
tion of principle, using as a study case the city of Nice thatgg to 100 m, depending on its assumed density and material
benefits from a complete database of infrastructures. strength. But more recently, Boslough (2009) using a super-
computer from the Sandia National Laboratories, suggested
that the Tunguska event was provoked by an objet of about
25m in diameter exploding at 7 to 8km of altitude. This

Correspondence tdE. Garbolino finding raises the inevitable problem of the impact frequency
BY

(emmanuel.garbolino@mines-paristech.fr)  estimate of such Earth-crossing objects: indeed, according
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to Harris (2009), the impact frequency of a 70 m diameterards and vulnerable conditions. Conventionally risk is ex-
object is about one per millennium, but it becomes 1 per cenpressed by the notation

tury for a 30 m diameter object. Other authors estimate thah

the frequency of Tunguska-like events is on average every
500yr (Bland and Artemieva, 2006).

In this context, this paper aims at presenting, after the in
troduction of a model of territorial vulnerability, the defini-
tion of a Spatial Decision Support System (SDSS). This a
lows the estimating of the impacted stakes in terms of fa-
talities and costs resulting from a small celestial body im-
pact. The components of the architecture of this SDSS ar
described. The results take into account four scenarios in
volving a small NEO whose diameter is less than 100 m.
This choice of small bodies is justified by the fact that the
number of NEOs increases markedly with decreasing diam
eters of the objects, and consequently, the probability of a
collision with Earth also increases dramatically. Small aster-]
oids in the hundred-metre size range are faint and, thereforé
particularly difficult to detect, except perhaps on their final
plunge. Of course, the probability that a small object co
lides on a specific small area, such as the region of Nice,
cannot be compared to the probability of its collision with
the Earth in a random location. Nevertheless, as it is demon-
strated in this paper, if such a collision occurred in a region
like Nice for which we have a complete database of infras-
tructures, it might induce damages important enough for the
human society and the environment (Hills and Goda, 1998).
This exercise could then be applied to any area for which
such a database exists.

2 Territorial Vulnerability: proposal of a
characterisation model

The term “vulnerability” comes from Latin “vulnerabilis”
meaning “which can be wounded”, “which wounds” and it
is also the synonym of “sensibility”. Mainly used in medi-
cal sciences, the concept of vulnerability was gradually in-
troduced into the field of natural and technological risks in
order to underline the capacity of an event to destroy struc-
tures and cause fatalities. The analysis of the use of the

term vulnerability is in fact not dissociable to that of the con-

isk=Hazards< Vulnerability.

Some disciplines also include the concept of exposure, re-
ferring particularly to the physical aspects of vulnerability.
Beyond expressing a possibility of physical harm, it is cru-
.Cial to recognize that risks are inherent or can be created or
exist within social systems. It is important to consider the
social contexts in which risks occur and that people, there-
éore, do not necessarily share the same perceptions of risk
and their underlying causes.” This equation can be expressed
numerically by replacing the term “Hazard” by the probabil-
ity of occurrence of an event and the term “Vulnerability” by
the amount of exposed people, buildings, etc. The risk can
then be quantified and, for a given set of scenarios, the deci-
sion makers can prioritise their actions according to the risks
ncurred.

" Thus, Brooks (2003) proposes to distinguish between two
. types of vulnerability for a given territory:

— The biophysical vulnerability: its definition is related to

the level of damage of the stakes, whether human or ma-
terial. It, therefore, depends on the physical impact of
the hazard on the stakes, as well as on its intensity and
on its frequency. This vulnerability is also similar to
the “sensitivity” to the hazard of the considered system.
The use of the thresholds for lethal effects, for example,
makes it possible to characterise the biophysical vulner-
ability of the population on a given territory;

Social vulnerability: it represents the capacity of a sys-
tem to face a dangerous event, which is quite close in
this case to the definition of resilience. A system is,
therefore, more or less vulnerable and, a fortiori, re-
silient if it is able, at least partly, to face the adver-
sity. Social vulnerability is then different from the bio-
physical vulnerability by the fact that it does not depend
solely on the frequency and the intensity of the hazard
but also on the property of the system which makes it
more or less vulnerable: the recourse to the insurance
of goods, for example, is a factor making it possible to
reduce the vulnerability of a system because it allows a
compensation for the losses induced by a hazard.

cept of risk. In this respect, Brooks (2003) points out some ©On the basis of these definitions, our approach, therefore,
references concerning the definition of the concept of riskSeeks first to determine the components of the territory and,

and, more particularly, that borrowed from Crichton (1999), Secondly, to identify and characterise precisely those having
which reveals the term vulnerability. Along the same lines, 8N influence on the vulnerability and the resilience of the ter-
the ISDR (International Strategy for Disaster Reduction) offitory. Thus, from all the data and the technical means and

UNO (United Nations Organisation, 2004) defines the risk agprocedures, the definition of the territorial vulnerability, as
follows: suggested here, can consider the following elements (Gar-

“The probability of harmful consequences, or expectedbOIInO etal,, 2009, modified):
losses (deaths, injuries, property, livelihoods, economic ac- — the intensity of the considered dangerous phenomenon
tivity disrupted or environment damaged) resulting from in- (crater diameter and depth, overpressures, etc.). It de-
teractions between natural vulnerable or human-induced haz-  pends mainly on the characteristics of the projectile
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(density, velocity, angle, nature, etc.), the surface con- - to have means to evaluate and compare scenarios, and
ditions of the target and the dynamics of the event; then select one using the techniques of multi-criteria
analysis.”

— the probability of occurrence of the hazard (small body
impact) on the considered territory. It depends on the Such a SDSS is aimed at helping the decision makers in
observations and the models (size and orbital distribu-their expertise of risk prevention and crisis management re-
tion) of the NEO population, and on the surface area ofgarding a small body impact event and consequences. Fig-
the territory compared to the whole Earth surface ure 1 presents a prototype of SDSS dedicated to this topic. It
o . . - shows the various components of this SDSS and tries to in-
— the sensitivity (biophysical vulnerability) of the stakes gjcate the relationships between them. The various steps for
facing the dangerous phenomenon considered. This pagppjication of this prototype are explained hereafter.
rameter depends on the nature of the stakes, their state, Tne first stage consists in both gathering and integrating
their proximity to the dangerous phenomenon, €tC.  the data on the elements that compose of the territory such

— the resilience factors allowing the exposed stakes to re2s the road network, the population, the buildings, the cars

turn to a state close to their original one. They may ge?; Itr):ic(il) Ii:‘cc:).rmg:ieoiesd ast;rirt(thth%nirlln(t)ergrea:tte: I:\é(\)/igeie
include the proximity to health care centres, the good grap . y i P
. spatial representation (2). All these spatial data are then used
response of the emergency actions, the recourse to th . L
: y the model base that also integrates the statistical and ob-
compensation for the goods. It depends also on the de-

. . L served data concerning NEOs, and especially the hazardous
tection capacity of the hazardous object in order to P ones (3). The model base produces two types of results that
pare the society for such an event, etc. ) P yp

can be mapped (4):

— the factors of aggravation of the dangerous phenomenon
considered. They may include domino effects on struc-
tures causing in turn dangerous phenomena (for exam-
ple, a toxic atmospheric release from an industry), the
paralysis of the emergency network (roads, communica-
tion facilities, etc.), the contamination of vital resources
(drinking water network, cultures etc.), the disorganisa-

tion of the Civil Protection, etc. — the estimate of the exposed stakes (population, build-

) ) o ings, cars, ERP — Establishments Receiving Public,
These various parameters allowing the characterisation of  gaveso Industries etc.) according to the impact simu-

the vulnerability of a territory must be taken into account in lations.
their space-time dynamics on the considered territory. The
following point proposes the definition of a SDSS prototype These results are then transferred to a server (5) whose
to face the risks and consequences of a small celestial bodfunction is to capitalize them. In our study, these results aim
impact. at supporting insurance and reinsurance companies in their
activity of risk assessment of their portfolios. In this context,
o ) o this SDSS allows us to understand the vulnerability of the-
3 Definition of a Spatial Decision Support System to as- g5 companies according to the different scenarios of NEO
sess the consequences of small meteorites impacts  jmpacts in a dense urbanised area in France. This prototype

. . . epresents a reflection frame to help the insurance and rein-
A_ccordmg to ‘Jean"Jvaues Cheva}ll_|er (1993, 1994.) asbs urance companies to define a strategy in order to face this
aims at supporting a complex activity or a scenarii elabora-

. . : _ _ threat. This strategy could take the form of the constitution
t!on and eva!uatlon Process, n o.rder. to |dent|fy-the.e best aC%f financial provisions or a fundraiser to participate to the
tlonslaccordmg toa S |tu§t|on, objectives and criteria. Sp, "Nyeflection/destruction strategy of the hazardous NEO.
addition to th? functionality of a. GIS, a SDSS should inte- This SDSS can also contribute to help the public decision
grate mechanisms that allow us: makers, especially the Civil Protection and the Government,
to prepare Specific Emergency Plans, like they do for other
natural disasters (volcanic, seismic, flood ones). On the ba-
sis of the most probabilistic scenarios, this SDSS gives to
— to jointly use the original data and various representa-the Civil Protection the means to prepare their training ses-
tion forms: sions. In the case of a potentially hazardous NEO whose
impact would be imminent, this kind of SDSS can help the
— to link spatial databases and specialized software to simerisis management and the post-crisis management who will
ulate and to analyse the specific problem studied; benefit from the use of the simulation of the NEO impact

— the distances calculation of the hazardous phenomenon
caused by the impact on Earth of a small body (crater di-
mensions, blast effects, etc.). The simulations of NEO
impacts have been computed using the models devel-
oped by Holsapple (1993a, b, 2003) and the equations
from Glasstone and Dolan (1977);

— to identify, describe and manipulate a set of decision
data such as actions, scenarios, assessments;
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makers
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= Crisis management

= Post-crisis management

Fig. 1. SDSS dedicated to the vulnerability assessment and mitigation for a territory facing the risk and/or the consequences of a small
celestial body impact.

effects. These results are determinant for the Civil Protecindustries and the service stations that provide different kinds

tion because they provide information to scale the means t@f fuels (gasoline, diesel, LPG, etc.).

organise the emergency (evacuation, intervention, exclusion, The next step consists of the determination of the haz-

sanitary restrictions). ardous distances after the impact of a small celestial body
The next paragraph proposes a case study of four smalh the centre of the city of Nice. These simulation results,

NEO impacts on the French territory in order to demonstratein turn, will be integrated into the GIS platform in order to

the consequences of such an event and the interest of thigxtract the impacted stakes.

SDSS prototype.

4.2 Scenarios of NEO impacts
4 Scenarios and results of damage assessment L )

The numbers of bodies in the range of sizes from 10s to
4.1 Selected territory for the case study 100s of metres in diameter that enter the top of the Earth’s

atmosphere is fairly well estimated (Bland and Artemieva,
The city of Nice is situated in the South-East part of France,2006; Harris 2009), but the number that actually makes it
in the department of the “Alpes-Maritimes” which harbours through the atmosphere and strikes the ground is very un-
the French Riviera (Fig. 2). Nice is the 5th city of France by certain. In particular, the survival of the body depends on
its population (around 350 000 inhabitants) and it is situatedts physical properties (e.g., iron material is more resistant to
between the Mediterranean sea and the mountains (Mercarhe atmosphere entry than a rocky one and, therefore, smaller
tour's chain). The surface of the city is 71.92%nDue to iron bodies than rocky ones can reach the ground; Bland and
these topographic and environmental constraints, the city oArtemieva, 2006), and also on its orientation when it enters
Nice is a dense urbanised area. The main activity in Nicethe atmosphere (ref.). Until recently, it was thought that a
is the tourism industry which is supported by the presence ofocky body smaller than a few tens of metres would break up
an international airport and port, railway and highway infras- in the atmosphere and not actually strike the ground. Follow-
tructures, recreational places and more than 400 hotels.  ing such an explosion close to the surface, a resulting airblast

We have chosen this city not only because it representsvould be transmitted to the ground, and could create sub-

a medium French city with many stakes, but also becausstantial damage. That is what is thought to have happened
we can model its territory using accurate spatial databasesn the 1908 Tunguska event: a rocky meteorite of maybe
Figure 2 shows the location of the main infrastructure of the20-30 m diameter catastrophically disrupted at an altitude
city and the potential sources of domino effects like the smallof 5-10 km and the resulting airblast destroyed an area of

Nat. Hazards Earth Syst. Sci., 11, 303821, 2011 www.nat-hazards-earth-syst-sci.net/11/3013/2011/
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e City of Nice A Small Industries
% (French Riviera) | O Service station

i OERP.

Fig. 2. Location of the main stakes and infrastructures of Nice, France.

2000 kn? of forest. The energy of that event was equivalentwe simply assume that it does neither vaporize nor fragment
to a 10-20 Megaton nuclear bomb, comparable to the largeshto smaller pieces and that it is only slowed by the atmo-
nuclear bombs tested. But for rocky bodies less than abouspheric drag as appropriate for its size. For the 20 m bodies,
20 m, it was thought, until recently, that the atmosphere pro-we assume that 5 % would be equivalent to metallic ones and,
tected the surface from harm. It was also thought that metaltherefore, reach the ground and assume, arbitrarily, that an-
lic objects as small as a few metres could strike the groundpther 15 % make it to the ground although they are rocky, so
but those metallic asteroids are estimated to represent a vetyeir frequency is reduced accordingly to 20 % total of those
small fraction of the total number of near Earth asteroids. at the upper atmosphere.

But a recent event contradicts the conventional wisdom. The uncertainty in these estimates makes it clear that there
In September 2007, what was apparently a 1-2m rockyis a lot to be learned about the 100 m and smaller bodies and
body actually impacted the surface in Peru at a speed of 3their interaction with the atmosphere and the Earth. For in-
5kms 1 (Tancredi et al., 2009). It blasted out a crater aboutstance, which unusual conditions made a 1-2 m rocky object
15m in diameter. The overpressure at a distance of 100 nhit in Peru? Was the Tunguska impactor as small as 20 m?
was estimated to be around of 1.800°. Usually, such  Those questions remain open (Hills and Goda, 1993). Here,
sized bodies enter the Earth’s atmosphere about once a yeap attempt was made to account for atmospheric airburst (ex-
to once a decade, and mostly blow up in the high atmosphereept for lowering the surface impact frequency estimates for
(as the small body 2008 TC3 did in October 2008; Jenniskenshe 20 m bodies), for tsunamis created by off-shore impacts
et al., 2009). Although the Peru event was demonstrably ar other possibly consequential effects. The damage is based
very unusual, perhaps singular, event that does not really alenly on an explosive-equivalent airburst. But the present pur-
ter the statistical risks much (if at all), how a body of such aposes are to demonstrate a method for the risk estimation
small size could reach the ground remains a mystery. Moreand, therefore, the actual numbers are not so important. Fu-
over, recent simulations of atmosphere entry of rocky bodiedure work is planned to refine these first estimates of damage
showed the outcome of such an entry is highly sensitive toareas.
the actual orientation of the semi-axes (assuming an ellip- Table 1 presents the four scenarios and results of impact
soidal shape) of the body at the entry point. Therefore, thesimulations on the territory of the city of Nice. For each
size of the body impacting the Earth may differ from one casecase it is assumed that a rocky object strikes the ground
to the other depending on many sensitive parameters that ag@ard rock) in which results in the formation of a crater and
not easy to determine in advance, explaining the sometimeplast effects. The initial velocity of the object has been
unexpected or unusual events, such as the one in Peru.  chosen as 20 knT$ with a 45 trajectory. Each scenario,

So for the estimates here, we shall consider small rockyfrom S1 to S4, is characterised by the following parame-
bodies (assumed density of 3 gT# entering the top of the  ters: the impactor diameter, the population dimension of this
atmosphere at a typical velocity of 20 kmiswith an angle  kind of asteroid in the Earth-crossing zone, the impact fre-
of incidence of 458. If the body has a size of 30 m or larger, quency on Earth, its probability per year to hit the French

www.nat-hazards-earth-syst-sci.net/11/3013/2011/ Nat. Hazards Earth Syst. Sci., 1302113811
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Table 1. Impact effects simulations according to four scenarios of NEO.

S1 S2 S3 S4
Meteorite or fragment Diameter 20m 30m 50m 70m
Number that size or larger knownin 100 000 000 1500000 700000 200000
near-Earth orbits
Estimated Frequency of Earth impact Once per 250yr  Every 300yr Every 900yr  Every 2000 yr
Odds of hitting France, per year x510-6 4x10°6 14x10%  6x1077
Initial Energy 0.7 Mtons 2 Mtons 9 Mtons 25 Mtons
Velocity at impact 17.5kmst 18.3kms1 18.9kms! 19.3kms!?
Energy of Impact 0.5 Mtons 1.7 Mtons 8 Mtons 23 Mtons
Crater Diameter 300m 450m 700m 933 m
Crater Depth 80m 120m 190m 255m
Mass ejected 8 Mtons 23 Mtons 84 Mtons 200 Mtons
Richter Scale Energy 55 6.0 6.3 6.6
Distance to tree blowdown, building ~ 4km 6 km 10km 14 km

destruction (2.76< 10* Pa)

territory, the initial kinetic energy of the asteroid, its veloc- therefore, our analysis does not pretend to represent with
ity at ground zero, the impact energy, the final crater diam-great accuracy the consequences of the impact at the con-
eter and depth, the amount of ejected mass, the evaluatiosidered impact energy. Our aim is rather to show that with
of the Richter scale energy and the distance within whichthe current knowledge (which, although still uncertain, gives

the wind (blast effect) is greater than 50 mtsand the blast

some ranges of potential consequences), we can establish for

pressure is 2.7& 10* Pa (4 psi), the number commonly used a given region for which a complete database of infrastruc-
to blow down trees and make major damages to buildingstures exists (hence, the subjective choice of Nice), the level
For the cratering process and subsequent mass thrown outf damage that can be expected. The next paragraph presents
these estimates are based on the comprehensive impact criéte results of these damage estimates for different scenatrii.

tering database that is incorporated into a sophisticated on-
line tool (see the following Internet site: (Holsappletp:
//keith.aa.washington.edu/craterdata/scaling/index;hfor

4.3 Results

the airblast, estimates are based on the nuclear bomb aithe damage estimates caused by a small body impacts at a
blast science for a surface burst described in Glasstone argiven impact energy are constrained by the following data:

Dolan (1977). The equivalent earthquake is based on an en-
ergy equivalence between an impact and an earthquake.

The following figure (Fig. 3) shows the mapping of the
affected areas in the centre of the city of Nice.

Note that the scaling of the cratering process from ground
and laboratory experiments to the scales of an asteroid im-
pact is still an entire field of research and, therefore, error
bars remain quite large regarding the outcome of a small
body impact from the extrapolation of the known outcomes at
smaller scales. So-called scaling laws have been developed
for this purpose (see e.g., Melosh, 1989; Holsapple, 1993),
and here we use the ones developed by Holsapple (1993) that
are often considered as the state-of-the-art in this field. How-
ever, many parameters that influence the cratering outcome
are not necessarily well measured (in particular, the mate-
rial properties of the projectile and impacted surface) and,

Nat. Hazards Earth Syst. Sci., 11, 303821, 2011

— The number of buildings: this information comes from
the IGN (French National Institute of Geography) and
represents the geometry in two dimensions of all build-
ings. This layer was kindly provided by the city of Nice.

— The INSEE IRIS Habitat file (French National Institute
for Statistics and Economical Studies) provides data re-
lated to the housing, the number of cars, the number of
dwellings and their average area for each building, and
the amount of people for each dwelling.

— The service stations, Establishments Receiving Public
(ERP) and small industries: theses layers have been
kindly provided by the city of Nice. They show the lo-
cation of each element and, for the ERP, it is possible to
know precisely the nature of the Establishment, i.e., cult

www.nat-hazards-earth-syst-sci.net/11/3013/2011/
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A Small Industries

[ Service station
OERP.

Fig. 3. Mapping of the destruction distances according to the first two scenarios of small rocky body impacts in the centre of Nice’s city. The
crater diameter (black circle) and the distance where the airblast effect is superior o076 this (grey circle) have been considered as

the reference distances within which buildings and infrastructures are destroyed. It is also assumed that the ejected mass participates in th
destruction of buildings and infrastructures for each calculated distance.

Table 2. Amount of exposed stakes.

Nb Nb Housing Cars Population Nb Service Nb ERP  Nb
Buildings Housings Surfaces fn Stations  Industries
S1 38491 180108 11265341 106 656 274226 38 1768 13
S2 50541 209693 13254063 130611 325545 46 2060 17
S3 52052 215008 13704070 134770 338570 52 2227 26
S4  >52052 >215008 >13704070 >134770 >338570 >52 >2227 >26
Table 3. Cost for building reconstructions and car compensations. ~ the cost of car compensations estimated by the Com-

mittee of the French Automobiles Constructors and the
French Federation of Insurance Companies.

Cost for Cost for cars Total
reconstruction compensation

S1 17956953221 1202123851 19159077072 bﬁcorfdl?]g o the dma%”;t“qte of t?he eve”tl and the ;"t*r']ner'

s2 21126976 093 1472118 969 22599095061 apility of the considered territory, the conclusions of these

S3 21844287580 1518992670 23363280250 lesultsare:
S4 >21844287580 >1518992670 >23363280250

1. A 20m or 30m rocky body impact (S1 or S2) would
provoke the destruction of almost the entire city of Nice
with the loss of 325.000 people (S2). The cost of such

establishments, schools, hospitals, stadium, services of ~ an event would reach twenty one billion Euros, which
the city, etc. represents 9% of the capital of the 40 largest reinsur-
ance companies in the world (Standard and Poors, 2008)
and exceeds the capital of the French Central Fund of
Reinsurance. Almost all life support networks (water,
gas, electricity, communication, transport and medical
network, etc.) of the city would collapse, causing an
aggravation of the situation because of the disorganiza-
tion of the public emergency means. In the few min-
— the average price of building construction given by the utes after the event, domino effects would occur due to
INSEE; the presence on the territory of service stations, small

Table 3 presents the cost of each scenario taking into ac-
count the following individual costs (excluding the estima-
tion of compensations caused by the loss of people, as it
varies quite widely from one insurer to the other):
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industries that contain hazardous material, and the gasisk of small NEO impact, the contribution of the SDSS can
network (propane) managed by the municipality. be considered for the following issues:

2. The two other scenarii underline that the city of Nice — the awareness of public and private decision makers;
would be completely destroyed and, in these two cases,
the hazardous effects would destroy other stakes in the — the definition of mitigation strategies and Emergency
nearby municipalities. Planning based on the scenarii, especially for detected
potentially hazardous NEOs;

Due to the estimated frequencies of such small body im- o o ) ]
pacts on Earth (e.g., once per 250yr for a 20m body), al- — the organisation of training sessions to check the effi-
though the probability that it occurs over a populated area  Ciency of the Emergency Planning;
remains small, it is possible that insurance and reinsurance
companies will have to consider or face this kind of threat
in the future. In this case, this SDSS can be transposed in
order to help the decision makers to take into account this
natural hazard and to prepare prevention and reconstruction
strategies to mitigate their territorial vulnerability.

— the crisis management with the use of real-time data;

— the post-crisis management to estimate the cost and to
optimize the strategy for reparation and compensation
actions.

Because of the complexity of our societies, the global-
isation of the economical exchanges and the interrelation-
ships between the countries, this kind of reflection frame pro-
posed with this SDSS should be transposed to other coun-

St.ar.tm% frofm thfhdgﬂmno? cf’f ﬂ:\le tergto;ﬁloquln?ral\?glg tries and should involve international organisations like the
originating from the impact of a INear Ear ject ( ), United Nations Organisation (United Nations Organisation,

this paper proposes a prototype of Spatial Decision SUpporfnternational Strategy for Disaster Reductiomttp://www.

System (.SDSS) dggllcgted o the d|ﬁerent decision maker%nisdr.org to support its reflection in terms of governance
involved into the mitigation and reparation of such an event.for risks induced by NEO

Applied to a dense urbanised and well-described territory,
thls SDSS has ;hqun that small NEOs (,Iess th,an 100m 0)?\cknowledgementsThe authors wish to express their acknowl-
diameter) can significantly affect the territory with relevant edgments to the insurance Company “La MAIF” which supported
economical consequences for the insurance and reinsuranggs study and to the city of Nice for the geographical data
companies expressed by the exposure of insurance portfgyrovided. The authors are grateful to K. A. Holsapple, University
lios. This economical damage assessment takes into accouat Washington, for his fruitful suggestions and for providing the
the price of reconstruction of buildings and car compensa-scaling laws allowing the determination of the crater size as a
tion that can be insured by those companies. One of the imfunction of impact conditions.

provements of this assessment will be the integration of the

average capital value for people killed in order to completeEdited by: A. Costa o

the estimation. In this case, it would be useful to initiate R€Viewed by: A. W. Harris and P. Paolicchi

a work programme with all the public actors in the disaster
management induced by the impact of a small NEO. This
work programme might constitute a reflection frame to help
the insurance and reinsurance companies to define their stra}avarez‘ L. W., Alvarez, W., Asaro, F., and Michel, H. L. Ex-
egy to face such a threat. Another improvement of this SDSS  traterrestrial cause for the Cretaceous-Tertiary Extinction. Sci-
would be its ability to estimate the vulnerability of the infras-  ence, New Series, 208, 4448, 1095-1108, 1980.
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