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ABSTRACT

The problem of natural disasters in the world is analysed, not from the common approach, that of Hazard Assessment, but from the Risk
Analysis approach, risk being the expected loss, to achieve a Sustainable Development.

During the period 1990-1999, these natural phenomena have produced, in events with at least ten mortal casualties, more than 407.682
dead & missing, with an annual mean 28% lower than that for the period 1965-1999. Cyclones, earthquakes and floods, in this order, have
produced more than 90% of the casualties. The interannual coefficient of variation of casualties 1990-1995 was 1,02, almost double the
one for economic losses, 0,55. For the same period, these losses reached an annual average of 65.099 USD million, 0,33% of Gross World
Product. Most of casualties have been in undeveloped countries, contrary to the economic losses, of which the Kobe (Japan) 1995 earth-
quake, stands out as the biggest economic disaster of the century, resulting in a for 100 billion USD loss. At a world level, 20% of losses
were insured. In GNP terms, economic impacts were much higher in undeveloped countries.

It is shown that the real significance of natural disasters comes from the fact that they are the main disasters at societal and economic le-
vels, not from the absolute figures of losses. This fact focuses mitigation efforts on the Preparedness: the identification and Risk Analysis
of potential scenarios of disasters and the postdisaster research with Multidisciplinary Commissions of Investigation in order to better
learn the lessons of Nature.

To apply Risk Analysis, it is necessary to differentiate Societal and Economic Risk, because they do not coincide in different hazards and
environments, and priority in government action might focus, in application of the Subsidiary Principle, more on protection of human life
than on minimization of economic losses. For the latter there are tools such as insurance with penalties for risk exposure, from hazard
maps, the best and first investment in any mitigation strategy. It is shown also how to rationally design Mitigation Strategies by using
Societal Risk Acceptability Criteria and cost-benefit analysis. A general Technical-Administrative Procedure of Population Risk Assessment,
similar to the Environmental Impact Assessment, is proposed. This procedure might be the best tool to achieve a higher level of human
development measured according the UN Human Development Index.

Key words: International Decade for Natural Disaster Reduction, mitigation strategies, natural disasters, risk analysis, sustainable deve-
lopment

Desarrollo sostenible y mitigacion de desastres naturales en el mundo: una aproximacion
desde el Analisis de Riesgos

RESUMEN

Se presenta un analisis del problema de los desastres naturales en el mundo, no desde la aproximacion usual, la Evaluacion de Peligros
o Amenazas, sino desde la perspectiva del Anélisis de Riesgos, entendiendo el Riesgo como la pérdida esperada, al servicio del Desarrollo
Sostenible.

Durante el periodo 1990-1999, estos fenomenos naturales han producido, en sucesos con al menos diez victimas mortales, al menos
407.682 muertos, un 28 % menos en media anual que la del periodo 1965-1999. Los fendmenos que han producido mas del 90 % de las
victimas, han sido las tormentas ciclonicas, los terremotos y las inundaciones. El coeficiente de variacion interanual ha sido de 1,02, el
doble que el de las pérdidas econdmicas, 0,55, que para el periodo 1990-1995, han sido evaluadas en una media anual de 65.099 millones
de $ USA (76.587 millones de euros), el 0,33 % del Producto Bruto Mundial. La inmensa mayor parte de las victimas se han producido en
paises en vias de desarrollo, al revés que las econdmicas, destacando el terremoto de Kobe (Japdn) de 1995, el mayor evento siniestral
del siglo XX, con 100.000 millones de $ USA (117.647 millones de euros). El 20 % de las pérdidas en el mundo estaban aseguradas. El
impacto economico en términos relativos al PIB, fue sin embargo mucho mayor en los paises poco desarrollados.

Se demuestra como la importancia de los desastres naturales no proviene de las cifras absolutas de victimas o pérdidas econdmicas sino
de ser los principales desastres a nivel social y econdmico a nivel mundial. Este hecho focaliza el objetivo de la filosofia clave de miti-
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gacion, la preventiva, que busca la Mitigacion del Riesgo, tanto en la identificacion y Analisis de Riesgos de escenarios de posibles
catastrofes como en la investigacion, con Comisiones Pluridisciplinares de Investigacion, de los desastres, para aprender las lecciones de
la Naturaleza.

Con vistas a la aplicacion del Andlisis de Riesgos, se muestra la necesidad de diferenciar el anélisis del Riesgo Social del Econdmico, ya
que aparte de su no coincidencia en diversos fenomenos y entornos sociales, la prioridad de la accion gubernamental deberia pivotar, en
aplicacion del Principio de Subsidiariedad, sobre la proteccion de la vida mas que la de la propiedad, que cuenta con mecanismos como
los seguros, con penalizaciones a la exposicion al riesgo basadas en mapas de riesgos, la mejor y primera inversion en cualquier estrate-
gia de mitigacion. Se muestran también las vias para un diseno racional de las Estrategias de Mitigacion basandose en Criterios de
Aceptabilidad Social del Riesgo y en el analisis coste-beneficio. Se propone asimismo el establecimiento de un Procedimiento Técnico-
Administrativo de Evaluacion de Riesgos para la Poblacion, similar al de Evaluacion de Impacto Ambiental pero con el objetivo de prote-
ger la vida humana. Este procedimiento podria ser la herramienta para lograr un mayor desarrollo humano medido a través del Indice de
Desarrollo Humano de la ONU.

Palabras claves: andlisis de riesgos, Decenio Internacional para la Reduccion de Desastres Naturales, desastres naturales, desarrollo sos-
tenible, estrategias de mitigacion

Introduction R=>P-V-E

Natural disasters represent a widespread problem in R: Risk (Expected Annual Losses); P: Annual
the world. They also pose an increasing problem for  Probability of occurrence; V: Vulnerability (0-1); E:
a sustainable World in absolute terms, both social Exposure

and economic, as will be shown below. This is the Obviously, preventive measures intend risk mitiga-
reason why the United Nations has declared the tion, the best way to limit the effects of disasters.
International Decade for Natural Disaster Reduction The use of the results of Risk Analysis, with organ-
(IDNDR) 1990-2000. isational, financial and management measures, is
The main objective of scientific and technological called Risk Management (see for instance Kauf, 1978).
research in natural disasters is mitigation. Mitigation, Most of the approaches taken from Natural

“the measures taken independent from an emer- Sciences and Engineering to the problem are hazard
gency situation or actual disaster” (National Research  approaches, studying both Severity and Probability.
Council, 1994), must emphasize preventive measures Risk Analysis is a global approach, which includes
because emergency measures, in general, are very Social Sciences. This approach is more convenient
limited in their ability to avoid human and economic from the point of view of decision-makers because
losses. people are interested in the mitigation of damages.A
The theoretical tool for a rational preventive miti- good national study carried out in the USA from this
gation is called Risk Analysis. Risk Analysis, as shown point of view was published in 1984 by Petak &
in the Figure 1, has three stages: a) Risk Factor Atkisson.
Analysis b) Risk Assessment c) Risk Reduction In the history of Mankind the main disasters from
Analysis. natural causes have been those produced by great
Natural Risk is the expected loss due to the action epidemics such as those in the XIV Century from
of a natural hazard. If we consider expected human bubonic plague, (“Black Death”), killing around one
losses, we have the so-called societal risk, with sever-  fourth of the European populations (McNeill, 1984).
al types according with the expected dead, injured, The impact of these natural biohazards has been, and
homeless and unemployed; if we consider expected s, several thousand times greater than the impact of
economic losses, we have the economic risk, with  violent physical natural hazards, meteorological and
several kinds according to structural damage, content  geological (Ayala-Carcedo, 2000 a), analysed in this
damage, benefit loss and so on. paper. Famines produced by drought, often coinci-
The existence of natural risks is a consequence of dent with war, are another cause of death much more
the existence of all the risk factors (Ayala-Carcedo, important than violent disasters in semiarid and arid
1993): Hazard (with a severity or intensity and a prob-  poor countries, producing some 8,2 million casualties
ability of occurrence), Exposure(of people or goods) during the XXth Century (German IDNDR-Committee,
and Vulnerability to this exposure, a degree of loss 1994).
from 0(no damage) to 1(destruction or dead). Only It is important to differentiate an event resulting
when all the risk factors exist is there risk, a concep- from a hazard and that resulting from a disaster. All
tual reality (Figure 2). In a simplified quantitative way, disasters are events but not all events are disasters.
Risk may be expressed as: An event may or may not produce damages in a com-
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Fig. 1. The Risk Analysis
Fig. 1. El Andlisis de Riesgos

munity; a disaster always produces damages over a
given threshold. For operational purposes the criteri-
on used here is that a societal disaster is an event
causing at least 10 deaths; this is the approximated
threshold used at national, and sometimes, global
media, an index of potential interest of people in
these events. It is very difficult to find one single cri-
terion to define economic disasters, because the

importance is different at local, regional and global
scales or at the level of insurance or industrial com-
panies.

There is a problem in the attribution of human and
economic losses between floods and meteorological
hazards with intense rainfall. Many times the imme-
diate cause of damage is flooding produced by the
meteorological event, the triggering phenomenon. In
this paper we have differentiated between cyclone
phenomena of different sizes with severe winds such
as hurricanes, typhoons and tornadoes, and floods
triggered by other meteorological phenomena such
as frontal rainfalls and monsoons.

Societal impacts of violent natural disasters

The societal impacts are at the individual level: dead,
injured (short and long duration), sufferers (including
the individuals directly impacted by the emergency,
mainly people suffering evacuation and often psy-
chological disorders) and unemployed produced by
the disaster. At the societal level, the global societal
structure may be changed in a good or, in general, a
bad way, but the family structure suffers serious dis-
orders.

Data reliability of societal impacts is in general
good for developed countries and not very good for
undeveloped ones; reliability decreases with the size
of the disaster. This means that casualties assess-
ment for great catastrophes in undeveloped countries

SOCIETAL

[ECONOMICA

Fig. 2. Factors of Risk and Risk types
Fig. 2. Factores de Riesgo y tipos de Riesgo
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may have serious errors, perhaps around 50 to 100 %,
sometimes due to governments trying to minimise
the figures, sometimes resulting from the difficulties
of getting to the catastrophic zones and thus realising
the true dimensions of the catastrophe.

The main data sources are the database of the
Centre pour la Recherche de I'Epidemiologie des
Disastres (CRED) at the University of Louvaine in
Belgium, reports of reinsurance companies such as
Swiss Re or Munich Re, databases of the U.S.
Geological Survey or U.S. NOAA, specialised papers
on different hazards and national reports. After ten
years of IDNDR, most countries, even some that are
developed, do not have reliable statistics.

During the period 1965-1999, a total of 1.995.000
mortal casualties due to violent natural disaster were
recorded in the world, according to data from cited
sources and our own data. Around 1.100.000 (55 %)
resulted in disasters with 1.000 or more dead & miss-
ing. Moreover, some 1.850.000 people died in
famines produced by drought. The most destructive
events during the period 1965-1999 were the
Bangladesh cyclone of 1970 with some 500,000 dead
& missing and the Tienshin (China) earthquake of
1976, with an official figure of 242,000 dead (other

estimate go as high as 650.000). During the IDNDR
1990-1999, there was a total of 407.682 mortal casual-
ties (Figure 3) according with data of Swiss Re (1990-
99), Munich Re (1990-99) and our own sources (Ayala-
Carcedo, 1990-1995). This means an average of
40.768 casualties/year versus 57.000 during the whole
period of 1965-1999, 28 % lower, perhaps a sign of
improved prevention.

A distribution by hazard for the period 1990-95 is
shown in the Figure 4, which indicates that cyclonic
storms followed by earthquakes and floods are the
most dangerous hazards.

The distribution of societal disasters with time has
a high variability. During the period 1990-99, the stan-
dard deviation of total annual dead was 41.658 dead,
the coefficient of variation (standard deviation/mean)
CV was 1,02 and the casualties relationship between
the most and the least catastrophic year was of 11,2.
For the period 1990-95, as Figure 5 shows, higher
inter-annual variability of hazards were associated
with cyclonic storms with a CV of 1,99, earthquakes
with 1,29 and volcanoes with 1,24; the figure for
floods, 0,29 is clearly underestimated because the
1999 flood in Venezuela with some 35.000 dead is not
included.

DEAD IN THE WORLD BY NATURAL DISASTERS
DURING THE IDNDR (1990-99)*
Total: 407.682 dead Mean: 40.768 deads/year
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2 120000
2
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Fig. 3. Dead during The International Decade for Natural Disaster Reduction 1990-2000 [with data of Swiss Re, Munich Re (1996-1999) and

Ayala-Carcedo (1990-1995)]

Fig. 3. Victimas mortales durante el Decenio Internacional para la Reduccion de Desatres Naturales 1990-2000 (con datos de Swiss Re,

Munich Re (1996-1999) y Ayala-Carcedo(1990-1995))
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MORTAL CASUALTIES IN THE WORLD BY NATURAL
DISASTERS (1990-95)
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Fig. 4. Dead produced by Natural Violent Hazards, 1990-1995 (Ayala-Carcedo, 1990-95)
Fig. 4. Victimas mortales producidas por Desastres Naturales Violentos, 1990-1995 (Ayala-Carcedo, 1990-1995)

The classification used in this paper for societal
disasters size is: small (10-99 dead), medium (100-
999), big (1.000-9.999), huge (10.000-99.999),
megadisater (100.000-999.999) and gigadisaster
(equal or greater than 1.000.000).

Statistical size distribution of disasters measured
by casualties, shows a similar trend to the one of
extreme values statistics (Figures 6 and 7): the greater
the disaster size, the lower the number of disasters.
Obviously this must be related with extreme statistics
of hazards, and probably with the pattern in size of
populations, all probably following fractal patterns.

There are several injured people by dead, variable
with hazard type.

The number of sufferers is two to three orders of
magnitude greater than dead. For the period 1991-
1994, with 205.649 dead, there was a total of
36.112.000 homeless around the world (Ayala-
Carcedo ed., 1994). The main hazards for sufferers are
meteorological, floods and earthquakes.

Regarding unemployed, during 1970, in the USA,
for a total of 979 dead, there was a total unemploy-
ment estimated in 89.643 employee-years (Petak &
Atkisson, 1984).

The geographical distribution of disasters during

a7

the period 1900-1987 may be seen in Figure 8. Causal
research about this distribution may be conducted
through Risk Analysis. Asia, with the 85 % of the
dead, has all kinds of hazards with higher severity
and greater geographical areas, the highest popula-
tion exposed and also the highest vulnerability; this
means higher risk factors, and higher risk produces
higher casualties. On the other hand, Africa has vio-
lent hazards limited in geographical area and severi-
ty, with medium exposure and high vulnerability; this
means much lower risk than in Asia, and, according
to the data, much lower casualties (in droughts, due
to semiarid or arid climate, widely spread in Africa,
the casualties are much more higher). The geograph-
ical distribution of disasters is closely related with
socio-economic distribution at a world level: disasters
concentrate in undeveloped countries. This is also the
pattern at national levels, due mainly to higher vul-
nerability of dwellings in lower income zones.
Developed countries are not totally safe as revealed
the Kobe earthquake of 1995 with 5.426 dead
(Braunner & Cochrane, 1995).

Disaster distribution in time increased in the peri-
od 1963-1992: the number of disasters with 100 or
more dead increased from 89 in 1963-67 to 205 in
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INTERANNUAL VARIABILITY OF NATURAL SOCIETAL
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Fig. 5. Variability of annual dead toll of Natural Violent Disasters 1990-95 (Data: Ayala-Carcedo, 1990-1995)
Fig. 5. Variabilidad interanual de las victimas mortales en Desatres Naturales Violentos, 1990-1995 (Datos: Ayala-Carcedo, 1990-1995)
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Fig. 6. Accumulated dead in Natural Disasters during 1990-1995 period by disaster size
Fig. 6. Victimas mortales acumuladas durante el periodo1990-1995, por tamano de desastre
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ACCUMULATED RELATIVE FREQUENCY OF DISASTER
SIZE IN THE WORLD (1990-95)
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Fig. 7. Accumulated % of Natural Disasters during 1990-1995 period, according to disaster size, showing a much higher frequency of small

and medium disasters

Fig. 7. Frecuencia acumulada de los Desastres Naturales durante el periodo 1990-1995 segun el tamarno del desastre, mostrando frecuen-

cias mucho mas altas de los desastres pequernios y medios

1988-92 (IDNDR, 1994); but this trend was broken dur-
ing the period 1992-1998.

Economic impacts of violent natural disasters

Assessment of economic impacts is a difficult task
due to the various types of damages in a disaster, the
obvious problems of work in a devastated region and
the individual, societal and governmental hurdles
that must be overcome for an objective appraisal. My
personal experience in Spain is that assessments
coming from sufferers at political (regional or local
levels, associations) or individual levels are often
overestimated by 2,5 to 5 times.

The most accurate assessment comes from insur-
ance appraisers, but insured impacts are only a part
of total losses. This all means that figures of total eco-
nomic losses are in general of limited reliability, clear-
ly less than that of casualties, and the only reliable
data are those from insured losses.

Losses may be classified as direct (mainly struc-
tural loss of dwelling and public infrastructures,
building contents, agricultural and emergency costs)
and indirect (attention to injured, loss of benefits,
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unemployment and so on). Losses may be public or
private, industrial, agricultural, etc... Appraisal of indi-
rect losses is very difficult; direct losses must be
appraised according to the actual, residual value of
goods and not according to the replacement value.

The main and most reliable sources of economic
losses are the reports of insurance companies such as
Swiss Re or Munich Re. The conversion from insured
losses to total losses has a doubtful reliability; an
objective and reproducible way may be to take into
account the insurance level, greater for developed
countries and lower for undeveloped ones.

During the period 1990-1995, which had the worst
economic disaster in history, the Kobe earthquake of
1995, the mean total annual losses were 65.099 US $
million, 0,33 % of the World Gross Product, and the
coefficient of interannual variation (standard devia-
tion/mean) was 0,55, around half that of societal dis-
asters (Ayala-Carcedo, ed.,1990-95).

According to Munich Re data, during the period
1986-1995, floods caused 31% of world total losses,
wind storms 30%, and earthquakes 29%. Total losses
from floods of all origins accounted for 250.658 US $
million for the period 1987-96 according with data of
CRED.
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WORLD GEOGRAPHICAL DISTRIBUTION OF DEAD
IN NATURAL DISASTERS (1900-1987)
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Fig. 8. World geographical distribution of fatalities shows Asia is
the continent most affected by Natural Disasters in absolute num-
ber (with data of Japan IDNDR)

Fig. 8. Distribucion geogradfica mundial de victimas mortales,
mostrando que Asia es el continente mds golpeado en términos
absolutos (con datos de la IDNDR, Japon)

In a developed country such as Spain, with some
40 million inhabitants, total losses during the period
of 1990-95 for natural violent disasters, were 3.610 US
$ million, an annual mean of 602 million, 0.15 % of
GNP. Some 58 % of that loss was due to meteorolog-
ical damages in agriculture (Ayala-Carcedo, ed.,
1995).

The worst economic disasters were the mentioned
Kobe earthquake with total losses ranging from
82.400 us $ million to 100.000
(http://www.kanados.com/kobe-quake/); the Andrew
hurricane of 1992 in USA with 30.000, and the
Northridge earthquake of 1994 in California, also with
30.000 US $ total losses, all in the IDNDR.

Insurance rate (insured/total losses) was 3 % in
Kobe (Braunner & Cochrane, 1995), 35 % in the
Northridge earthquake (Swiss Re, 1990) and 52 % in
the hurricane Andrew (German IDNDR, 1994). For the
period 1990-95, total insured losses in the world were
81.373 US $ million, 20,8 % of total losses. The trend
in total losses for a single risk such as floods in the
USA is increasing (Figure 9), probably as a result of
the increased economic value of exposure. From 1987
there is a trend of rapidly rising in insurance losses
according with data of Swiss Re and Munich Re.
Probably, Climate Change, introducing more energy
through temperature increases in the atmospheric
and oceanic systems, will progressively increase the
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frequency and severity of all climate related risks as
has been suggested by several authors (Ayala-
Carcedo, 1999 a; Ayala-Carcedo & Piserra, 2000 b)
and has been shown for Europe by the ACACIA proj-
ect of the European Union (Parry, Parry & Livermore,
2000).

The geographical distribution of %GNP losses
clearly shows a greater impact for undeveloped coun-
tries (Figure 10). The main reason may probably be a
higher structural vulnerability and also a greater
reliance on agriculture, which is strongly affected by
meteorological risks. Most of the total losses are in
developed countries due to higher exposure values in
spite of the lower economic vulnerability; this is espe-
cially true for insured losses. This trend of more
intense damage for lesser development is also prob-
ably true inside each nation: the social impact of eco-
nomic losses is probably higher for low income
groups.

The awareness of the fact that places with lower
income levels per capita at national and World scales
are the most affected at both the natural disasters at
human and economic levels is the key to understand-
ing the contribution of natural disaster reduction to
Sustainable Development along the lines of the
Yokohama Declaration (IDNDR, 1994). Mitigation
strategies contribute to Global Sustainability by
increasing safety and societal cohesion at both the
national and global levels.

From a societal perspective mortal casualties by
natural hazards as opposed to other hazards such as
traffic and general mortality is very low, as may be
seen in Figures 11 and 12. In Spain, for instance,
industrial accidents affecting workers during the peri-
od 1996-99 accounted for an annual mean of 1,460
dead and 10,837 severe injured for a workers popula-
tion of 13,076.,.000 in 1998, a probability of dead at
work over a period of 35 years (work active period), of
4x10°%, and an annual probability of death at work of
1x10* Nevertheless, natural hazards, with a probabil-
ity of death in Spain during a lifetime of 1,7x10* and
an annual probability of death of 2x10%, 50 times less
than for industrial accidents, have a greater societal
impact, as media news space shows, compared to
other risks such as industrial or traffic accidents. If we
perform a deeper analysis of casualties over time, a
new insight emerges from an examination of the rela-
tionship between the events and disasters discussed
before. Traffic or industrial accidents with 10 or more
dead are very rare; events with 10 or more dead pro-
duced by natural hazards and natural disasters are
much more common. This distinction is even more
evident when the death toll of events is 100 or higher.

If we review all the events worldwide resulting in
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FLOOD DAMAGES IN THE USA (1920-1985)
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Fig. 9. Rising trend of flood losses in the USA, probably related to increasing economic exposure (with data of NOAA)
Fig. 9. Tendencia creciente de las pérdidas por inundaciones en EE.UU., probablemente ligada a la creciente exposicion econémica (con
datos de la NOAA)

DIRECT ECONOMIC LOSSES IN NATURAL DISASTERS
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Fig. 10. Economic Vulnerability to Natural Disasters at the country level is clearly higher in undeveloped continents (with data of CRED,
partly modified by IDNDR of Japan)

Fig. 10. La vulnerabilidad econdmica a los Desastres Naturales a nivel de pais es claramente mds alta en paises subdesarrollados (con
datos de CRED, parcialmente modificados por la IDNDR de Japdn)
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Fig. 11. Comparison of total death tolls of Natural Disasters with deaths from other causes doesn't give an adequate idea of the real impor-
tance of Natural Disasters, which is leaned only from a comparison of death tolls in events with 10 or more dead, the disasters [with data

of Hewitt (1997) and own datal

Fig. 11. La comparacion de victimas mortales en Desastres Naturales con otras causas de muerte, no da una idea adecuada de la impor-
tancia real de los Desastres Naturales, importancia que proviene de la comparacion de victimas en sucesos con 10 o mas victimas, los

desastres [con datos de Hewitt (1997) y datos propios]
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Fig. 12. Total death toll of Natural Hazards in Spain compared with
other accidental death (with data of National Institute of Statistics,
1999)

Fig. 12. Victimas mortales totales en Espana de los Peligros
Naturales comparada con otras muertes accidentales (con datos
del Instituto Nacional de Estadistica, 1999)
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the death of 20 or more individuals, the conclusion is
very clear: at a world level natural disasters are the
main source of disasters, that is, events with a high
incidence of death (Figure 13). And this fact is
enhanced when we consider historical disasters size
(Figure 14). Epidemics, as pointed out by Foster
(1994) and may be seen in the Figure 14, must be con-
sidered as disaster, in fact the main source of giant
disasters.

Disasters, unlike common accidental events, have
an increased capacity to affect simultaneously the
conscience of a great number of people. A good test
of this assertion is the amount of media coverage
when there is a disaster. Hurricane Mitch in Central
America (1998), and the Turkey earthquake and
Venezuela flash-floods of 1999, with a total death toll
of some 80.000, come to mind. They all made news-
paper headlines for two weeks. Forty five thousand
mortal casualties in traffic accidents each year in the
USA do not have such a concentrated impact. People
almost take for granted traffic risk and everyday traf-
fic deaths but, without a clear awareness of natural
risk, with relatively long recurrence periods, most
don’t think about natural disasters until they occur
and usually claims government responsibilities
(Ayala-Carcedo, 2000 c).

In developed countries such as Spain, this is not
the pattern because during the last 50 years techno-
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MORTAL CASUATIES IN THE WORLD IN NATURAL &
TECHNOLOGICAL DISASTERS* (1970-89)
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Fig. 13. Analysis at a world level of death tolls in disastrous events shows that Natural Disasters are the main source of death in societal
disasters, and this is the main reason for their importance (Swiss Re, 1990)

Fig. 13. El andlisis a nivel mundial de las victimas mortales en eventos desastrosos muestra que los Peligros Naturales son la principal
fuente de desastres sociales en el mundo, y esa es la principal razén de su importancia (Swiss Re, 1990)

THE BIGGEST NATURAL DISASTERS IN HISTORY
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Fig. 14. Epidemics and droughts have been the biggest Natural Disasters
Fig. 14. Las epidemias y sequias han sido los principales Desastres Naturales
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logical disasters with 10 or more mortal casualties
have produced greater human losses than have natu-
ral disasters (Ayala-Carcedo and Silva, 1999 b). They
also have been the worst single disasters in terms of
death tolls. Despite this fact, developed countries
may be hit by great societal disasters with low recur-
rence periods such as the Kobe earthquake in 1995,
with 5.426 dead (Braunner & Cochrane, 1995).

At an economic level, the main victims are popu-
lation of undeveloped countries and reinsurance
companies.

As it has been shown, undeveloped countries have
higher impacts in terms of GNP, and some great dis-
asters can impact their economies for several years.
Developed countries have, due to higher economic
exposure, higher total economic impacts, but suffer
lesser impacts on GNP. Besides, insurance coverage
of damages is about ten times higher in developed
countries, which have far fewer social problems asso-
ciated with economic losses and also with the eco-
nomic claims to governments in relative terms.

An analysis from the reinsurance business point of
view performed by Swiss Re in 1990 for the period
1970-89, showed that natural disasters are also the
great economic disasters, the great simultaneous
concentration of economic losses, for insurers (Figure
15).

From these facts, the answer to the question of
why Natural disasters are important might be:
Natural disasters are important in a societal sense
because they are the most important disasters at a
world level, specially for undeveloped countries, and
at economic level, they have a strong impact on GNP
for undeveloped countries and also for reinsurance
business.

Philosophy and keys formitigation strategies

The design of an optimum mitigation strategy in
accordance the with Figure 1, must be preceded by
Risk Factor Analysis and Risk Assessment.

Hazard Analysis has been broadly performed by
Natural Sciences and Technologies, but despite the
early development of Severity Scales (such as the
Beaufort Scale for wind at the beginning of XIXth
Century, Gil Olcina & Olcina Cantos, 1999) and also
Severity-Vulnerability Scales (such as the Rossi-Forel
Scale for earthquakes in 1880 and the Mercalli one in
1902; Bolt, 1981), important fields like those of mass
movements (despite works such as Varnes, 1978) and
floods (there are some works on curves of standard-
ised floods to the mean annual one return period,
Miller, 1997), have not had adequate scales devel-
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INSURED LOSSES IN THE WORLD IN NATURAL
& TECHNOLOGICAL DISATERS* (1970-89)
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Fig. 15. Natural Disasters at world level are also the bigger economic disasters (Swiss Re, 1990)
Fig. 15. Los Desastres Naturales han sido también los principales desastres econémicos a nivel mundial (Swiss Re, 1990)
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oped, which are necessary for Risk Analysis.
Volcanoes have an Explosivity Index Scale (see
Tiedemann, 1992).

Science and Technology have also investigated
structural vulnerability, especially for earthquakes
(MSK scale, published on1964). Economic vulnerabil-
ity for floods was investigated by Grigg & Helweg
(1975); tsunamis by Lee et al. (1978); wind by Hart
(1976); earthquakes by Lee & Eguchi (1977); and
earthquakes and volcanoes by Tiedemann (1992)
among others. Human vulnerability for floods has
been investigated by the U.S. Bureau of Reclamation
(1989), which has shown the great importance of
warning time: when it is less than 1.5 hours, vulnera-
bility increases exponentially. Human and economic
vulnerability in mass movements has been investi-
gated by the author (Ayala-Carcedo, 1994). Problems
related to increase of population in cities and megac-
ities has been analysed by Cunning (1994) and
Solway (1994). Use of MDR (Mean Death Rate or
Mean Damage Rate) may be a good option in disaster
analysis (Tiedemann, 1992).

Exposure is also an insufficiently studied risk fac-
tor, although it is often the key factor. For example,
from the study of Lee et al. (1978), it is clear that flood
risk, due to higher rate of exposures in flood plain, is
greater for small communities in the USA than for
bigger ones. Sometimes, the change of exposure
with time is the key risk factor to explain the evolution
of damage with time, because exposure, as vulnera-
bility, is an anthropogenic factor. Thus, the evolution
of fatalities due to lightning in Spain, is well
explained by changes in the population of farmers,
the most exposed group as they work outdoors
(Figure 16).

Much more work must yet be done in these fields
to have reliable risk assessments. Disaster Analysis is
the best way to increase our understanding of risk.
Accordingly, Post-Disaster Analysis by interdiscipli-
nary ad-hoc Investigation Commissions is a key pre-
requisite of Sustainable Development.

Disaster mitigation means risk (expected loss) mit-
igation, and this requires preparedness, analysed by
UNDRO (1987). This is the corner-stone of any strate-
gy for disaster mitigation.

Preparedness must be based on the 3Ws, what,
where, when. They are closely related, as shown
below.

What is related with hazard typology forecasting at
different geographic scales, including the different
classes of hazard and its severity. An area, for
instance, may be affected by earthquakes and floods,
with severity (the set of factors that may make the
hazard more dangerous) amplification related with
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DEAD BY LIGHTNING & POPULATION
EXPOSED IN SPAIN (1940-1995)
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—a— DEATH(x10)
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Fig. 16. The decrease of farmers population in Spain is the key to
understanding the decline in deaths by lightaing (data of National
Institute of Meteorology and National Institute of Statistics)

Fig. 16. El declive de la poblacion de agricultores en Espana, es la
clave para comprender la caida del numero de victimas por rayos
observada (datos de victimas del Instituto Nacional de
Meteorologia e Instituto Nacional de Estadistica)

earthquake-triggered liquefaction and flash-flooding
due to a small river basin. A subject to analyse is the
triggering cause of risk, clearly related with mitiga-
tion, as may be seen in Figure 17 for landslides.

Where refers to the spatial forecasting of hazard
and risk with various types of risk maps (Ayala-
Carcedo, 1990).

When means temporal forecasting of hazard ocur-
rence, with two intervals: short term and long term.
Long-term forecasting is in general possible and is
directly related to hazard probability for risk assess-
ment, which requires records of events, especially
those of catastrophic ones. Short-term forecasting
with practical effects on alarm and evacuation is not
reliable for earthquake and near-coast triggered
tsunamis, about a half of volcanic eruptions, small
and medium-size convection storms, flash-floods, tor-
nadoes, droughts, most landslides, snow-avalanches
and most extraterrestrial impacts. On the other hand,
short-term forecasting is possible for distantly trig-
gered tsunamis, most storms with lightning, medium
and large river basin floods, about a half of volcanic
eruptions and most epidemics and plagues. A subject
to investigate related with temporal forecasting is the
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MORTAL CASUALTIES BY TRIGGERING CAUSE IN EARTH
SLOPE DISASTERS* (From 1000 A.D.)
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Fig. 17. Death Analysis of landslides shows that earthquake trig-
gering accounts for most deaths (Ayala-Carcedo, 1994)

Fig. 17. El andlisis de victimas mortales en movimientos de ladera
muestra como el desencadenamiento por terremotos es la causa
de la mayor parte (Ayala-Carcedo, 1994)

monthly distribution of risk, necessary to forecast the
monthly distribution of mitigation measures, as may
be seen in Figure 18 for meteorological events in
China, which are clearly related to the summer mon-
soon (Ayala-Carcedo & Llorente, 1991).

The severe problems with short-term forecasting,
highlights the need for preparedness over the long
run, especially through land-use planning and con-
struction codes.

Mitigation strategies may be of several kinds,
according to the related risk factors, as may be seen
in Figure 22 (Ayala-Carcedo, 1993).

How do we choose between different strategies to
mitigate economic risk? There are two criteria: effi-
ciency and economy. Efficiency means better capaci-
ty to diminish risk. Economy means greater risk
reduction (avoided loss) with the same investment in
preparedness.

For economic risk, if we rank the set of possible
preparedness actions from greater to lower econom-
ic risk reduction, as may be seen in Figure 19, a dimin-
ishing yields curve appears (Ayala-Carcedo, 1993).
This curve has three zones: a) Zone [: all the actions
have benefit (risk reduction) greater than cost thus
they are economically interesting to private owners;
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the cut-off point is where the tangent to the curve
equals 1; b) Zone Il: actions are not economically
advantageous but may benefit from the positive bal-
ance of actions when governmental action is taken
into account; c¢) Zone lll: all the actions are not prof-
itable from both the private and public point of views
(but may be necessary from a societal perspective).
For societal risk strategy choice, there are three crite-
ria. We saw that natural hazard importance from a
societal point of view rests mainly on its capacity to
generate disasters. Then, the first criterion must be to
start with the maximum disaster. When we have fore-
casted disasters similar in size for different hazards,
the criterion must be economic: the minimum cost
per avoided death. From this point of view, Petak &
Atkisson (1984) showed in a comparative analysis the
differences among natural hazards in terms of dead
by million US $ loss in USA (Figure 20). Risks with a
lower ratio of dead /economic loss are in general
more economically amenable to mitigation.

Along these lines the general government strategy
against morbidity vs. mortality may be oriented.
Petak & Atkisson (1984) show how cost by avoided
dead in natural risk mitigation is greater than for
other public life-saving strategies and there is an

MONTHLY DISTRIBUTION OF
DEATH DUE TO METEOROLOGICAL
EVENTS IN CHINA, 1990
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Fig. 18. Analysis of deaths over time, necessary for emergency
organization, shows in the case of China, a strong influence on the
part of the summer monsoon (Ayala-Carcedo & Llorente, 1991)
Fig. 18. El analisis de la distribucion de victimas mortales en el
tiempo, necesario para la organizacion en emergencias, muestra
en el caso de China un control ligado al monzon veraniego (Ayala-
Carcedo y Llorente, 1991)



Ayala-Carcedo, F. J. 2001. Natural disasters mitigation in the world and sustainable... Boletin Geoldgico y Minero, 112 (4): 43-64

COST-BENEFIT CRITERION FOR MITIGATION MEASURES
SELECTION
= 25
ﬁ c ZONE ZONE
o Il 1]
T
[J]
R4 20
o NON EARNING
< MEASURES
E o EARNING MEASURES
5 15
w o
Z - ONLY
oS IN A GLOBAL STRATEGY
2E 1 N—;dvldx=1
= 9 Ranked Measures
j INDIVIDUALLY 10 1 according with
g EARNING 12 IBdecreasing eamings
3 s MEASURES -3,4% ) AB-BC
A
o . (22)
< B JL’L@ 20 . '/
0 : , : 82824 % 26 27
0 5 10 15 20 25 30
ACCUMUIATED COST (Investment in Miigation Measures), Milion
euro

Fig. 19. Ranking of possible mitigation measures according to cost and benefit criteria, shows a decreasing yields curve that may be used

to make a rational choice (Ayala-Carcedo, 1993)

Fig. 19. La ordenacion de las medidas de mitigacion posibles de acuerdo con criterios costo-beneficio, muestra una curva de rendimien-
tos decrecientes que puede usarse para realizar una eleccion racional (Ayala-Carcedo, 1993)

opportunity cost associated with natural risk mitiga-
tion investments. Despite this assertion being sub-
stantially true, one might well want to take into
account how the disaster generation capacity of natu-
ral hazards seriously affects public opinion.

The third criterion is societal risk acceptability,
sometimes called “group risk acceptability” (Mark,
1995). Society loathes disasters and there is a non-lin-
ear mathematical relationship with disaster size
expressed with a log-log, a potential relationship;
people only accepts larger disasters when their prob-
ability is much lower. Besides, the probabilities of
individual death for many kinds of events is known.
For example the current mean annual probability of
immediate death for individual in Spain for lightning
is 0,3x10° and 0,5x10° for floods; actual probabilities
for exposed people are about 10-20 times greater, and
lifetime individual probabilities are the former times
life expectancy.

These studies on immediate individual death risk
(hicken, 1975) are the basis for individual risk-accept-
ability risk criteria such as the VRJ, with the limits
10* for annual probability of dead for intolerable risk
and 10° for tolerable risk; cases between these limits

are in the ALARP zone, that is, the zone where risk
must be diminished as low as reasonable in practice
(Higson, 1990).

For groups exposed to risk, a societal approach is
needed due to the probability of a catastrophe. The
criteria are called F-N, with F being the frequency (in
fact probability) of one event with N or more fatali-
ties, and the relationship is log-log or potentially so.
Figure 21, shows the criterion of the Hong Kong
Government (Wrigley & Tromp, 1995), a criterion
where catastrophes with 1,000 or more fatalities are
not acceptable. The philosophy of risk acceptability
has been analysed in a critical approach by Dubreil
(2000), showing the negative aspects associated with
normalcy in view of post-disaster rehabilitation.

All these facts lead to the conclusion that the main
venue of disasters associated with earthquakes or
cyclic storms, where all the population is exposed, is
megacities in undeveloped countries, settlements
that will be increasingly vulnerable. Then it is proba-
ble that earthquake risk, opposite to no change in
earthquake hazard, is increasing.

Aversion to economic risk follows the same pat-
tern, a log-log relationship between annual probabili-
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SOCIAL VS. ECONOMIC RISK (USA, 1970)
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Fig. 20. Rate dead/economic loss varies greatly for different
hazards, and sometimes, the deaths and economic losses don't
coincide in space (Petak & Atkisson, 1984)

Fig. 20. El ratio victimas mortales/pérdidas econdmicas es muy
diferente para diferentes peligros y, algunas veces, victimas mor-
tales y pérdidas economicas no coinciden a nivel espacial (Petak y
Atkisson, 1984)

ty of failure and economic potential losses (Withman,
1984), the foundation for insurability criteria.

Structural and non-structural mitigation measures:
a rational approach

Mitigation strategies may be classified according to
the risk factor mitigated as may be seen in Figure 22
(Ayala-Carcedo, 1993).

Antihazard and antivulnerability, structural meas-
ures, may be classified as active (antihazard) or pas-
sive (antivulnerability); antiexposure measures are
considered non-structural.

Structural measures include, for different risks:

*Volcanoes: Reinforced roofs to support ash

weight, blasting to open new lava channels, tun-

nels for drainage of crater lakes to avoid freato-
magmatic eruptions.

*Earthquakes: Earthquake-resistant design of

foundations and structures.

*Mass movements: Stabilisation with groundwa-

ter drainage, geometry corrections, bolts, anchors,

etc...

*Cyclone storms and tornadoes: Wind-resistant

structures and walls and shelters.
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SOCIETAL RISK ACCEPTABILITY CRITERION
OF HONG KONG GOVERNMENT
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Fig. 21. Hong Kong Government’'s Societal Risk Acceptability
Criterion, type F-N (Frequency-Fatalities Number)

Fig. 21. Criterio de Aceptabilidad Social del Riesgo del Gobierno de
Hong Kong, tipo F-N o P-N (Frecuencia, o mejor, Probabilidad-
Numero de Victimas Mortales)

*Floods: Dams, channels, fluvial dykes, dwellings

with basement, etc...

Main non-structural measures are:

*Warning for evacuation or avoidance of risk.

*Land-use planning based on risk maps or special

procedures as explained below.

*Training for risk.

*Insurance.

There is a traditional controversy about the choice
of structural vs. non-structural measures. Natural and
social scientists are prone to support non-structural
measures, and engineers are more likely to support
structural ones. Before, we have provided the main
criteria for a rational choice, but it seems that a deep-
er insight is needed.

Insurance and training of the population exposed
to risk are feasible, and are always necessary meas-
ures; Brauner & Cochrane (1995) showed the impor-
tance of training the population in the Kobe earth-
quake of 1995 for first-aid due to the accessibility
problems of the civil defence teams and Lachman et
al. (1961) analysed the human behaviours during a
tsunami.

Enough warning to produce practical effects is fea-
sible in only some cases, as has been shown before.

Land-use planning is feasible and useful for: vol-
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Fig. 22. Mitigation Strategies are classified according to the Risk Factor mitigated (Ayala-Carcedo, 1993)
Fig. 22. Las Estrategias de Mitigacion, se clasifican de acuerdo con el Factor de Riesgo mitigado (Ayala-Carcedo, 1993)

canic lahars (ashes mud-flow), earthquake amplifica-
tion (when there are microzonation maps, see
Marcellini, 1991), mass movements, floods and
coastal risks (tsunamis, storm surges, etc.).
Insurance, with premiums established according to
risk, must take into account spatial forecasting of haz-
ard, which is then related to land-use, as will be
shown below for the National Flood Insurance
Program of the USA, managed by the FEMA (Federal
Emergency Management Agency).

Many structural measures are provided by gov-
ernments, and governments also have, at different
geographic scales, the power to establish land-use
measures as well as codes for the construction of pri-
vate dwellings. Governments are mainly concerned
in avoiding human disasters, sometimes because, as
in the Spain’s case, the Constitution requires govern-
ment to protect the life of citizens; then, Societal Risk
Acceptability criteria, as indicated before, might be
the first choice among mitigation measures. In this
approach, land-use planning measures take prece-
dent over structural ones because, many times they
can guarantee zero risk for population from flash-
floods, coastal dynamics and mass movements; an
alternative and more expensive measure is the “max-
imum hazard approach” increasingly used in dam
design. This is not possible for consolidated settle-
ments; in these cases, structural measures are often
necessary.
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Two objections may be raised against structural
measures. The first problem is the limited risk cover-
age. Most structural measures have been designed
with a hazard approach for a return period; then the
risk coverage is limited. The problem is that most
people believes that there is a total risk coverage and
uses the land freely, many times with much more
higher societal risk levels than is acceptable. The sec-
ond problem is related with the cost of many struc-
tural measures. Must the government pay for expen-
sive structural measures when it is possible to avoid
human risk with land-use planning? This is a key
question in the authorisation of new settlements.
Government or city town halls may provide risk maps
where the risk for people and properties is shown;
with this base, land-use measures to avoid human
disasters will save a lot of money for taxpayers... and
will guarantee total protection for people in the cases
discussed before. Land-use planning may involve
other expenses, such as higher transport costs and so
on; in these cases, an optimised solution may include
antivulnerability measures for dwellings. The main
opposition against land-use planning comes from
flood plain private landowners.

Flood insurance, when premium costs for the
insured are tied to the exposure to risk, may be a
complementary way to avoid disasters. There are dif-
ferent systems around the world to insure against
natural risks (Najera, 1999). They all shift between
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systems based on premiums linked to the type of
good insured, independent of risk exposure, and sys-
tems based only on risk with prices fixed by the free
market, that is, the value of exposed goods, vulnera-
bility and exposure to hazard. The first systems,
called solidarity systems, are single and convenient
to manage, don't need, in general, government
grants, have the obligation to insure, but are unjust,
force consumers to insure for non-existent risks and
don’t contribute to risk mitigation; an example is the
Spain’s system. Other intermediate systems, with a
part of prices financed by government grants like the
French, linked to a Preparedness Risk Program and
land-use rules or the National Federal Insurance
Program(NFIP) in the USA, linked to land-use limita-
tions in flood plains, managed by flood plain man-
agers, combine solidarity (through government
grants) and risk mitigation, and are more selective.
The efficiency in mitigating human risk is linked to
private owners aversion to pay for economic losses.

For floods, the NFIP has an annual average premi-
um of 0.33 %; that means, for a lifetime of 50 years in
the case of dwellings, a total cost equivalent to
almost 17 % of the dwelling and contents
(http://www.fema.gov/nfip/pstat.htm). The infrequent
use of insurance in undeveloped countries, limits the
use of this non-structural tool in these countries;
there, the role of land-use planning, associated with
most vulnerable settlements and the difficulty of
financing expensive structural measures, are clearly
more important than in developed countries. Risk

maps may play a key role in undeveloped countries
as a necessary tool for Sustainable Development.
Opposite to the central role of government in avoid-
ing human disasters, its role in avoiding economic
ones might be only secondary and government
investments to avoid economic risk are more contro-
versial than those for human risk. As may be seen in
Figure 19, in Zone | investment for private owners is
individually profitable and they must invest to avoid
economic losses. From a point of view of global eco-
nomic concern, only investment in Zone Il are justi-
fied, to pair cost and benefit at a global level (Ayala-
Carcedo, 1999 a).

Towards a technical-administrative procedure for
population risk assessment

All the actions related to disaster preparedness must
be put in the context of government action, mainly
oriented to avoid human disasters, and indirectly to
avoid great economic losses. The tool, for natural and
technological risk, might be a technical-administra-
tive procedure for Population Risk Assessment (PRA).

There are several antecedents. Wildlife and natural
heritage are protected in many countries against
human impacts with a technical-administrative proce-
dure for Environmental Impact Assessment. Is human
life less important than wildlife?

Human life expectancy is one of four components
of the Human Development Index introduced by the

SOME PROJECTS TO BE INCLUDED IN A TECHNICAL-ADMINISTRATIVE
PROCEDURE FOR POPULATION RISK ASSESSMENT (PRA)

FACTOR

Hazard level of site or facility

Vulnerability

Exposure

Esential Services to Community

EXAMPLES

Flood plains, alluvial fans, torrential riversides, volcanic
environments, seismic areas, active faults, snow ava-
lanche tracks, unstable areas, shores, nuclear, chemical,
military or biohazard facilities

Campsites, single one floor dwellings, wooden housing

Public facilities as schools, stadiums, churches, movies
or theatres, squares

Hospitals, police, institutions, radio & TV, press, energy
& water facilities, bridges

Fig. 23. The selection of projects to be included in a Technical-Administrative Procedure for Population Risk Assessment must be per-

formed according to factors increasing risk for population

Fig. 23. La seleccion de proyectos a incluir en un Procedimiento Técnico-Administrativo de Evaluacion de Riesgos para la Poblacion debe
tener en cuenta aquellos factores que pueden aumentar el riesgo para la poblacion
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first “Human Development Report”; the other three
are adult literacy, amount of education and per capita
GDP (United Nations, 2001). All of the components
are influenced, especially in undeveloped countries,
by natural disasters and associated problems such as
postdisaster famines, epidemics, homelessness, lost
jobs and so on.

If human life has at least the same importance as
wildlife and the main disasters have been natural
ones, why have not governments, seriously con-
cerned with disaster mitigation, set up a general pro-
cedure for PRA?. There are several factors explaining
this situation. From the scientific side, the develop-
ment of Risk Analysis started in the1960s, and risk
acceptability criteria date to the 1980s. In fact, rules
for engineering design in many countries are still
“hazard approaches” to risk mitigation, based mainly
on the return period of design hazards; awareness of
the serious limits of this approach has produced a
shift to the “maximum hazard approach” in fields
such as dam design when downstream exposure is
high (Interagency Committee on Dam Safety, USA;
Berga, 1998). And, obviously, another explaining fac-
tor is the knowledge development rate of natural haz-
ards complexity.

From the social point of view, risk perception is dif-
ficult because of the long return periods of many nat-
ural hazards such as earthquakes and population’s
unawareness of possible hazards.

Another problem is the low scientific and technical
level of many Civil Defence agencies around the
world, which are supposed to set up these PRAs and
are in fact mainly focused on responding to emer-
gencies.

The political problems for mitigation programs
design have been analysed by O’'Riordan (1990).
Many governments, which are ready to reject disaster
responsibilities by calling upon the anti-scientific tra-
ditions of “acts of God ” or the “unforeseeable
nature” of hazards, are also partly responsible for the
delay in setting up these procedures. A key indicator
of government attitude towards disaster prepared-
ness is the political will to set up Multidisciplinary
Investigation Commissions when a disaster has hap-
pened, which is necessary to learn from our own
errors to avoid repeating them in the future.

Today it is possible to design this PRA to avoid nat-
ural or technological disasters (Ayala-Carcedo, 2001).

Disaster risk is determined by hazard, exposure
and vulnerability levels. A campsite is highly vulnera-
ble to floods, and disaster risk will be higher with
higher sizes of population exposed and higher hazard
levels in probability or severity. It is possible, for dif-
ferent risks, to make a catalogue of project conditions
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subject to the PRA according with hazard, exposure
or vulnerability. For floods, for instance, there might
be: a) Exposure conditions: Any facility or urbanised
zone with 100 or more people subject in the first floor
to maximum exposure; b)Vulnerability conditions:
campsites; wood dwellings; first floors windows with-
out shutters; ¢) Hazard conditions: dwellings or facili-
ties on alluvial deposits.

Risk Acceptability Analysis may be performed in a
quantitative way (see Figure 21) or qualitatively by
defining lists of unacceptable risk conditions or by
combining scales of hazards, exposure and vulnera-
bility with ad-hoc tables. Another useful approach
may be that of “maximum hazard” for moderately
and highly vulnerable exposures.

The procedural steps, conducted by the Civil
Defence agency, in a similar way to those of
Environmental Impact Assessment, might be (Ayala-
Carcedo, 1999):

*Presentation by the promoter of the project to the

Civil Defence agency of a Project Risk Analysis

showing that risk level is acceptable.

*The Civil Defence agency sends the study to the

Land-Use Planning agency, scientific and technical

bodies, consumer organisations, ecology organi-

sations and concerned local administrations.

*Opening of a public information period to receive

comments from people and other organisations

concerned.

*With the information collected and the findings of

its own technical services, Civil Defence issues and

publishes the Risk Statement with a) Approval
with enforced conditions to make the risk accept-
able, or b) Denial if risk, despite mitigation meas-
ures, is unacceptable. Risk Statement is sent to

Administrations concerned with authorisation of

project and the Land-Use Planning agency.

This procedure, which is possible today, may be
the key to transform available expert knowledge into
real disaster mitigation and may be the tool to raise
the Human Development Index. The PRA proposed
also has special interest for consumers and insurers.

Conclusions and Suggestions

From the above exposition, some conclusions may be
made:

- Natural risks, epidemics and drought excluded,
around the world cause about 50,000 deaths
each year on average, with high variability. They
also produce twice as many injured and more
than 100 times as many victims, many homeless.

- Natural risk, epidemics and drought excluded,



Ayala-Carcedo, F. J. 2001. Natural disasters mitigation in the world and sustainable... Boletin Geoldgico y Minero, 112 (4): 43-64

produce each year on average losses about 0.35
% of Gross World Product, about 55,000 USD
million, with variability about a half of societal
one, with a world insurance rate around 20 % of
total losses. Insured losses show a steeply rising
trend in the last 15 years.

Economic and specially human vulnerability to
natural risk are much higher in undeveloped
countries.

- Reliability of data is reasonable for societal loss-
es and clearly lower for economic losses, often
overestimated. Insured losses are much more
reliable than any other measure of economic
loss.

Mortal casualties from natural risk have a very
limited importance when compared with other
causes of accidental death, for instance traffic
casualties, especially in developed countries.
The reasons for the importance of natural risk at
a world level are: a) They produce most of the
fatalities in events with 10 or more deaths, which
have a greater capacity to impact societal con-
science; b) They are the primary cause of acci-
dental events with great losses, producing prob-
lems for governments and insurance companies.
At a world level, natural disasters are the main
disasters. For most developed countries techno-
logical disasters are probably more important in
terms of quantity, but great disasters are usually
natural ones.

Welfare and societal cohesion at a world and
national levels are basic conditions for
Sustainable Development. Reduction of natural
disasters is a basic condition for Sustainable
Globalisation, understood as a solidarity choice
with undeveloped countries, the most damaged
nations at the world level, and with the lower-
income social sectors, the most adversely affect-
ed groups at the national level. A comparison of
impacts on developed and undeveloped coun-
tries that shows the problem of natural disasters
in the world is largely a problem of develop-
ment.

The key concept to mitigate natural risk (the
expected losses, human and economic) is pre-
paredness to reduce risk, supported by Risk
Analysis, a scientific and technological multidis-
ciplinary approach with three stages: Risk factors
analysis, Risk assessment and Risk reduction
analysis. The main objective in Natural Risk
Analysis, taking into account the reasons for its
importance showed above, must be disaster
reduction after the identification of potential dis-
aster situations.
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- The set of all economic risk reduction measures
is subjected to decreasing yields” rules dividing
into three zones, the first with individually prof-
itable measures that might be undertaken by
individuals, the second with profitable measures
only in a global strategy that might be undertak-
en by public agencies, and the third without eco-
nomic justification. Insurance systems might
play the main role in economic risk reduction.

- The main justification of government interven-
tion is to avoid human disasters; government
action in economic risk reduction might play
only a supporting role.

- There is a clear trend in technological projects to
mitigate risk by shifting from the traditional
“hazard approach”(mainly return period) to a
“risk approach” associated with risk acceptabili-
ty criteria or to “maximum hazard approaches”.

- There is a need to improve severity-vulnerability
scales for some hazards like floods and mass
movements.

- Probably hazard and risk maps are the best
investment in disaster preparedness for risks
with spatial prediction likelihood. Rational plan-
ning of this sort might start with identification in
settlements and zones of possible types of risk
and its potential severity, followed by assess-
ment of possible disasters locations and then by
mapping at suitable scales. This measure may
be especially useful for undeveloped countries.

- Post-Disaster ad-hoc Multidisciplinary Investi-
gation Commissions are necessary to mitigate
future disasters and are a clear indicator of
Sustainable Development.

- Greater emphasis might be placed on land-use
planning for human-disaster risk mitigation for
floods, mass movements, volcanoes and, to a
lesser extent, earthquakes (liquefaction zones,
faults).

- Today, it is possible to set up a technical-admin-
istrative procedure for Population Risk
Assessment, based on Risk Analysis, according
to the above exposition. This procedure might
be the best tool for countries to achieve a better
UN Human Development Index.
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