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1 Introduction

During recent decades, so@oonomic impacts produced by disasters caused by natural
phenomena are an indication of the high vulnerability of human settlements located in
vulnerable areas in developing courdri@as well as the levels of financial and social
protection that must be provided in order to pay for associated economic losses, not only
direct losses but also losses from a decrease in productivity of the agricultural and industrial
sectors, a declinenitax revenues and a need to have resources available for dealing with
emergencies.

Vulnerability in the face of natural phenomena has increased during recent decades
primarily in the developing countries throughout the world. Population growth, potrerty,
growth of cities and infrastructure projects in general have increased the assets exposed in
regions that can be affected by a large diversity of dangerous natural phenomena. In
addition, a high level of population migration because of various socadlgms,
unemployment, violence, insecurity of many different types and other factors force people
to occupy land that is less and less suitable for human habitation, which increases exposure
under undesirable conditions, leading to a considerable inciredeecls of vulnerability

and risk.

Despite the research carried out on an international scale concerning the impact of disasters
on development, formal incorporation disaster risk in planning processes has been very
timid up until now. Although mostleveloping countries include in their budgets several
allocations, primarily for preparation and dealing with emergencies, and in several cases
efforts are being made to orient resources towards planning activities dealing with risk
mitigation, in many contries do not calculate probabilistic losses from natural events as a
permanent component of their budget process. However, if potential contingent losses are
not accounted for, there is a lack of information required in order to consider and evaluate
alternatives in order to reduce or pay for those losses. As a result, policies aimed at
reducing risk do not really receive the attention that they require.

An absence of adequate models to quantify risk in objective andefative terms leads to

a serief important implications. The most obvious implication is that by not accounting

for contingent exposure to natutezardsa country's capacity to evaluate how desirable its
planning tools are to deal with risk is limited. Planning tools require thatsriasonably
quantified as a prexisting condition in order for those planning tools to be useful.
Although it is possible to take policy decisions based on rough estimates or without
probabilisticestimate by not quantifying the risk when it is misle the decisiomaking

process is handicapped for physical planning and for reducing and financing risk. If future
losses are not a component of the planning and investment process in a country, it is almost

! Probabilistic:which permit the establishment of Probable Maximum Losses (PML) and expected annual losses (the
basic risk pemium) resulting from the estimated loss curves.
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1 - Introduction

impossible to use budget resources in orderréduce potential losses. A lack of
probabilistic disaster risk estimates has at least two very important serious implications:
first, there is no contingency planning for the cost of future reconstruction and, second,
which is the most important, the maincentive for promoting risk mitigation and
prevention is lost.

Many recent applications and projects have been fonusvaluatinghazardsin terms of
statistics, making reference to the frequencies of occurrence of various levels of phenomena
such asearthquakes, tsunamis, hurricanes, flooding, landslides and volcanic eruptions.
Meanwhile, the assessment of vulnerability has focused primarily on estabiistiiogs

based on the number of victims caused by each disaster. Using information at the
worldwide level available in certain databases (e.g-BAT of the Université catholique

de Louvain), correlations have been established with information available on the same
events in order to establish levels of vulnerability by correlating fadimigesare based
essentially on statistical correlations and not on actuarial or physical assessments obtained
from the association between the degrebazardexposure and vulnerability, with which

can be established measurements more appropriate or takiragaoent the risk to which

each region or area of the world is exposed.

Although these indices are illustrative for effects of comparisongeneral, they are
deficient at the macro level for calculating risk in predictive terms. It can be statedghat th
type of focus is retrospective of what has occurred. In essence, thegiaesof disaster

and not of risk in the true sense of the word and, therefore, report indirectly and in a limited
way what might occur in the future. These indices are inapjptepfor determining
frequency and intensity dfazardsand potential losses. They do not facilitate the drafting

of appropriate measures for intervention or risk mitigation, taking into account feasible and
appropriate alternatives that can be describeflinction of their effectiveness and cost.
Several of these indices developed at the global level, that have been established using
indicators, illustrate the more advanced work carried out up until now of this type. A
descriptive summary of the samernisluded in annex 1.

Taking that into account, the concept paper entiBéxbal Assessment Report on Disaster
Risk Reductiori GAR 201llstates the need to identify effective strategies for reducing
various segments and strata of risk based on the agphaE instruments of probabilistic
assessment and the availability of information on global, regional and national risks in
order to identify and quantify the various strata of risk associated with various intensities
and frequencies of possible consames. In addition, it is proposed that the costs and
benefits of the treatment of each of those segments and strata of risk be identified and
examined, in order to sustain strategies of risk reduction taking into account the
maximization of benefits for veous groups of countries.

This report seeks to consider the possibility of meeting the challenge of GAR 2011, given
the possibility of using information that until now has been used at a level and other, global
a national and subational levels with gr&ter resolution. Likewise, the possibility of using
sophisticated and rigorous probabilistic models, a level state of the art, which make it
possible to carry out appropriate risk assessments of effect, such as those used in the

1-4



1 - Introduction

insurance and reinsuranaedustries, but adjusted by their authors in order to reflect not
only catastrophic risk, as is usually the case, but also aggregated risk in terms -of multi
hazardin relevant time frames for decisionakers in the public and private sector in order

to crede strata of the risk and propose activities for retention, mitigation, regulation,
transfer and acceptability of the risk in accordance with what is feasible in terms of public

investment and optimization of resources.

Bogofy, February2011
OmarDario Cadona
Consotium ERN1T América Latina




2 Methodological aspects

One factor that can be considered common to the work carried out up until now at the
global and regional levels is that rough assessments of all the variables are used, in
statistical correlfons and in hypotheses that can be considered acceptable only at the
global level for illustrative purposes of issues in order to support the need to reduce the risk
but that are inappropriate when the goal is to define pragmatic and realistic actifvities
reducing risk within the framework of the reality of individual countries. In general, of
these approaches it can be said that:

a. They are not based on a rigorous scientific calculation in accordance with the state
of the art in modelling risks from agdvabilistic and actuarial perspective, making
the final result tends to be preferentially and inevitablyomparative or relative
measure for classification and not an objective measurement of risk, which is what
is required in order to define intervemicactivities that must be defined in
associate@conomic units and social justifications.

b. The resulting indicators can normally be used only for comparison and prioritization
between areas, regions or countries. In certain cases, the indicators can foe used
breaking down the result and attempt to prioritize possible general interventions at
the level of parameters, but with which it is not feasible to estaiedhdefined
policies, alternatives and priorities rigk mitigation

c. They cannot, in generabe used to make prognosis or predictions of future risk,
because there is no clear relationship between the parameters and the scaling of a
given indicator, because it does not imply necessarily a proportional scaling with the
existing level of risk. Wh a few exceptions, all describe retrospectively of disasters
occurred and not those that could occur, estimated as the result of an analytical
process that usually requires a probabilistic approach.

d. It is difficult to use those indicators in practical apgtions such as schemes for
retention or transfer of risk, risk mitigation measures and their assessment,
regulation of safety measures, information for land use plans and reasonable
definitions of risk levels infeasible to take into account.

In light of the above, this type of approach usually makes reference to its limitations, taking
into account the goal for which have been conceived and the need to be complemented with
more rigorous risk assessments that allow application of more basic techniguesiific

terms that make it possible to assess sensitivity and future projections that are not feasible or
are unreliable with the techniques mentioned earlier. This aspect is of special importance
when not only changes are expected in the exposureusmetability but also changes in the

levels ofhazard owing, for example, to climate change. Furthermore, in physical terms it is
important to be able to describe change in the physical vulnerability over time, especially
when changes or interventionsidake place owing to successful mitigation programmes. In
other words, the possible assessment of the effectiveness of risk management is more feasible




2- Methodological aspects

when it is possible to measure risk more realistically taking into account concrete activities
for redwcing vulnerability in terms of potential damage in the long term. At the same time, it
is desirable that the methodologies are rhazardor multirisk in order to identify issues

that are more the rule than the exception. In conclusion, the previdusigiezs are
appropriate for certain types of activities whose goal is limited to communicating the risk and
to recommend general activities. Therefore, in order to promote successively other more
specific activities it will require dealing with the probleshrisk differently than the case

until now at the global or regional levels which requires a notable technical, scientific and
operational challenge.

However, although there are actuarial and probabilistic models appropriate for evaluating
catastrophicrisk, usually proprietary, of businesses specialized in the field of insurance/
reinsurance and financial risk, such as RMS, AIR Worldwide, EQECAT, to mention only a
few, apart from being black boxes these models are focused on capturing possiblessgtiation
insolvency undesirable for the insurance and reinsurance companies or operators on the capital
mar ket that fAassumeo risk. In other words,
function of the needs and realities of the parties seekingainse for that risk, who must
cover the risk of the first parts of los8ethat are those that cause the most recurrent évents
through the dedtible or attachment point; otherwise premiums would be prohibitive. In other
words, those models serve to hefk itakers define strategies of financial protection in order

to avoid their insolvency because of the catastrophic risk that they would have to pay. These
models tend to ignore by definition small disastbed are not going to be pai¢cause they

would be retained by thesured partyout, that lumped together in groups of several y&@ars

such as periods of governmémot only are important but imply permanent attention and
action by the parties seeking insurance.

That implies a change of the risk model®rder to adjust them to the perspective and needs

of the parties seeking insurance, such as, for example, governments at all levels. Clearly, the
transfer of risk only makes sense at intermediary and high levels and retention of risk has
serious impliations not only financial (because they require reserve funds, contingency
loans, reallocation of budgets) but also institutional, governmental and efficiency, and in
general activities dealing with the inevitable recurrent events that exhaust instianwns
communities andtahe same vulnerable agents that suffer continuously events that affect
their livelihoods. In conclusion, this project implies adjusting the existing models in order to
determine what is required, what is stratification ofrthéti-hazardrisk from the perspective

of the policy holder and not the insurer. Therefore, this consultant group has made the
specific adjustments to its models, on the basis of which has been developed the platform of
open code and architecture miidzard ERN-CAPRA (Comprehensive Approach for
Probabilistic Risk Assessmégmteveloped by this consultant group for the countries with the
support of the World Bank, the IntBmerican Development Bank and USDR.

t



3 Objective

The main goal of this work is to dewegl an alternative methodology for assessing and
analysing risk withprobabilisticbasedaced withvarious natural phenomena and apply it in
variousmulti-hazardsituations at the global, regional, national and local levels, in order to
illustrate and faditate stratification of risk in order to identify and maximize activities and
interventions reasonable and effective of reducing risk. In addition, there are the following
goals:

a. Production of a consistent, efficient and-dgted procedure for managemenit
available information;

b. Development of an approximate and appropriate method for quantifying and
characterizing the exposure of exposed elements susceptible of being affected and,
therefore, of being included in risk assessments;

c. Assess appropriatethe physical and human vulnerability of populations at various
levels of aggregation to variogsnsideredazards

d. Implementation of a method for assessing risk with technical rigour, that makes
possible carrying out prospective analysis with the dedmiof various levels of
probability of occurrence of intensities or loss and that facititdte multi-risk
analysis rigorously;

e. Easy updating over time or in the event of a change of any of the model's
parameters.

The assessments should be carriedoouthe basis of existing coarse grain information but
with the capacity to be able to refine it as that information becomes available in greater
detail. In other words, the assessment technique muspdielly scalable and make it
possible to make assggents at the macro ledeh regional or national sc&leand a micro

leveld a subnational and local scalevhere what changes is theesolution of the
information. This permits inputting through various stages or versions of the GAR,
demonstrative examples any level, for any regionhazards etc., in accordance with
available information and convenience.

Assessment from an analytical point of view is backed up with an analysis of previous
events based on information available in tlatabase of eventspeshventar
(www.desinventar.org), which provides information on effects and historical human losses
for the countries over time and broken down by type of event; e.g. earthquakes, flooding,
landslides, volcanoes, hurricanes and others. The information pildwydéhe Desinventar
database is fundamental for the following reasons:

a. It serves as a basis for calibration of the analytical models of risk assessment, using

3-1



3 - Objetivo

as a reference the largest events recorded.

b. It complements the results of an analytical aseess, making it possible to define
empirically the lossexceedanceurve for the range of events of minor intensity;
segment of the curve in which the analytical assessments are unreliable.

c. It permits the inclusion of the effect or participation of vasidypes of events and
therefore makes it possible to establish which of them dominate or control
maximum losses for a country or region in various segments of thexossdance
curve.

This study proposes a methodology for risk analysis that uses, am¢hieand, empirical
estimates of occurrence based on information in the Deslnventar database, with which can
be estimated the occurrence of losses caused by recurrent minor events, and, on the other
hand, probabilistic analytical assessments in ordesttmate the occurrence of losses from
major events, for which there is no information because of the absence of sufficient
historical information. Information from the DesInventar database is limited for indicating
the occurrence of losses through majoerdgs because of the short period of time it covers

and the analytical assessment is fundamentally useful for estimating the consequences of
extreme or catastrophic events.

It is proposed to construct a hybrid lessceedanceurve in order to representethisk of
disaster, in which its first segment of minor and modest losses correspond to an inductive
analysisjn retrospectiveand the second segment corresponds to a deductive and predictive
analysis,in prospective of the potential of major and extrenmosses. The proposed
methodology is used in Colombigdexicoand Nepaln order to illustrate the advantages of

this type of technique, considering that the first segment of the curve can be obtained for
each type ohazardand as a total and that theesed segment of the curve can be obtained

for the hazardsthat have the potential of producing catastrophic events by correlation or
occurrence of losses simultaneously. The results obtained in this way of assessing risk,
using thehybrid loss exceedanceurve, make it possible to make a serieapproaches
concerning variousvaysof risk reduction, illustrating that it is possible to classify them, in

the sense that the manner of dealing with them, through activities and various measures of
retention, miigation, regulation, transfer and acceptability of the risk in light of technical,
financial and social justifications.

3.1 The loss exceedancecurve

In order to decidgt is necessary or very useful to measui@s work intentto contribute

to havea quantiative notion ofdisasterisk in order taneasurgin several cases reveal and
bring to light or attempt to recognize a problem which may not have a true dimension. It
seeks, if possible, to concern someone and identify focus of reasonable intervention,
because the way of dealing with risk varies according to the level of risk that supposedly
exists (stratification of risk to which there are alternative forms of replying).

There is a difference between probability (understood as frequency) and expsabation
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3 - Objetivo

mathematical probability (in terms of possibility). One thing is the frequency of events (rate

of occurrence) another is the possibility of consequences (potential loss). The expected
consequences are obtained from the frequency and the severityaarmkpectation must

be expressed in a window of time in order to be able to have a relevant reference for
comparison. From that is derived the need to see the consequences and not the events in
terms of a period of return (the inverse of the annual freg)eand in time periods that

can be used as a reference and which can be called time of exposure.

From that, it can be concluded that it is possible to answer the question of how much can be
the expectation or probability of loss (of reaching or surpg¥sa certain level of
consequences in a defined period of time: for example, a probability of loss of 0.1 (i.e. 10
per cent) in 50 years (which in passing is important to point out that it is the equivalent to a
loss with & average returperiod of 500 gars); case in which the following question is
whether that percentage in that time of exposure is great or not. It should be pointed out that
the probability that the loss of the X yearfsreturnperiod occurs in a time frame of X
years is always 63 peent (and not 100 per cent as would be thought). The probability that
the maximum loss in 100 years occurs in 100 years is 63 per cent.

It should be mentioned that for a portfolio of exposed elements (of the responsibility or
interest, for example, of agernment) that loss and not the cause of the event of X years of
return period (500, for the example, of a certain intensity). Possibly, for a set of elements
distributed or dispersed, the loss of 500 years would be produced by an event of a much
greatemeriod of returnpesideghe vulnerability of each component of the portfolio would
have significant influence also. Let's say that it would not be a constant vulnerability.

Given the above, and considering that a government would have a fiscal refipo(rssk
economic for the consequences) to cover or pay for replacement of public infrastructure
and the assets of a segment of the population (low incomes) it is necessary to quantify risk
through a losgxceedanceurve indicating which is the frequen(for example, annual) of

each value (level) of possible losses for that government. Information that is relevant in
order to be able to estimate whether it is feasible achieve a benefit if an investment is made
to prevent or reduce that the expectedés§ublic investment) occur.

The lossexceedanceurve (annual frequency with which is equal or greater than a level of
loss) usually is obtained analytically by constructing a hypothetical model of the possible
consequences for the exposed assetspofrfoliod to whichis assigned a level (average)
and a variability of vulnerability witheasonabléechnical criteria (analytical, observed and
empirical)i considering the stochastic occurrence of multiple events of various intensities
that can be feadi, result of the patterrsf recurrenceobserved in history or the series of
events occurred (seismic catalogue, frequency of rains, hurricane paths, etc.).

That lossexceedanceurve (which also can be expressed as a curve of profabienum

losseswih vari ous periods of return) represents
catastrophic risk, making the necessary reservations concerning the levels of epistemic and
random uncertaintyfor lack of information and inherent randomness). In othemg; the
annualfrequency of losses very significant result of the correlation (simultaneousness of
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effects on the portfolio) of major events, which usually are of interest for the effects of
negotiations between insurers and policy holders of the fiakarsk (insolvency, deficit,
contingent liabilities) that are derived from extreme disasters and that are covered by
contracts for transfer of lossdsgure3-1 illustrates a typical lossxceedanceurve.
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Figure 3-1 Lossexceedanceurve for assessing disaster risk

From the above it can be concluded that the dasgedanceurve obtained analytically (i)
usually covers only events such as earthquakes, hurricanes or phenbatetentcause
serious consequencelie tothe correlation or simultaneousness of the effects on the
exposed portfolio; (ii) is relevant and reliable only from a point of loss of a certain degree
of importance, known as the attachment pietdudible), which is considered as defining

a suitable value for the insurer after which transfer begins. That means that the
consequences caused by events that difficultly can correlate losses (for example, minor
flooding, landslides, minor events, etc.) or the conseges caused by events of less
intensity (because the accumulation of losses over time are not taken into account) that
must be assumed by the policy holder.

Not having an evaluation of losses for minor events has prevented until now that someone
becomesnterested in developing empirically a lossceedanceurve that illustrates what

the curve does not capture analytically (for the reasons stated above), which has led to the
rejection or underestimating of the consequences of those events. It is eledhneth
analytical curve has been proposed and used by insurers of risk whose interest is not to
evaluate losses below the detible (which would have to be in the interest of the policy
holders) and not taking into account the accumulative effects animitieations of
dealing repeatedly with events that can lead to administrative decline. In other words,
events that should be in the interest of the governments and that in reality have not
interested them nor have their true social and economic consegusgen measured.
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That could be one of the reasons for which several governments areatyptovering

minor events or for which there is no accurate information (evidence) or a justification to
establish awell-defined strategy of mitigation accordintp the level of risk that these

events present, despite their social effects, but also, economics when thpgraggiately
evaluated. Therefore, the successful empirical development using a series of assumptions
about economic costs and a database thighcharacteristics of the DesInventar, the first
segment of the losgxceedancecurve, which, in general, would correspond to the
deducti ble or most wunreliable and even fAinsi
that can be of special intestefor the adoption of a methodology that makes it possible to
determine the consequences of minor events and the true costs that those events have and
that are hidden or being assumed in general by the most vulnerable population.

The exercise carried outp until now with ColombiaMexico and Nepalhas made it
possible to verify that assumption because a methodology has been developed making it
possible to illustrate that the first segment of the Bsseedanceurve (risk of recurrent

minor events) cabe obtained inductively empirically, using the Deslnventar, and that there

is the manner to connect it with the second segment that should be obtained analytically
with the deductive and predictive approach of the probabilistic calculation of catastrophic
risk. Both segments imply the development of an estimate of losses (with little developed
criteria: assumptions of costs and a proxy of exposure) that until now have not been carried
out (evaluation of effects of recurrent events and catastrophic rislebthe portfolio of

fiscal responsibility of the government).

In summary, this work opens a range of possibilities or a very broad of understanding of the
behaviour of minor events using the approach of analysis of frequency and value of losses
(or hausing destroyed, or affected, deaths, wounded, etc.), which means extracting
information from Deslnventar that until now has not been explored and also this work
defines how a complete risk profile can be made from a retrospective perspective (first
segmet) and predictive (second segment) that captures the fiscal responsibility, assuming
that the small and moderate disasters correspond mostly to consequences of events that
affect persons of lowest incomes of the population (losses that should entirelserepa

cost for the Government) and that the losses associated with large disasters imply high costs
for replacement of public infrastructure and of goods for the poorest strata. Risk
calculations of this type have not been carried out before and thkidées not justify

more explicitly (through stratification of risk) prevention and mitigation measures that
could be proposed using an analysis of economic and social optimization.




4 Retrospective risk assessment

4.1 The DeslInventar database

DesInventaf congitutes simultaneously a system of databases for preparing historic
inventories of disasters and a methodology for their analysis. It is formed on the one hand,
by a software that permits the gathering, systematization, organize and consult the
informationincorporated into the system, both from atgpaand temporal point of view,

and on the other hand, by a methodology for gathering and analysing information that
places special emphasis on the following aspects:

a. DesInventar deals with disasters takentlas group of adverse effects on life,
property, infrastructure and social relations of a community. That includes events
with very few effects as well as disasters in which there have been serious
consequences.

b. In general, the level of resolution of theventory of the records corresponds to the
municipal territorial unit or equivalent division. However, local or regional
inventories can be made with more detailed levels of resolution.

The information gathered in the Deslnventar database, just likeogbats with any type

of existing database on disasters, does not claim to make up the complete universe of
disasters occurred historically. In the best of cases, it is a broad sample of them, limited by
the very characteristics of the information and staurces, subjected permanently to
refinement and amendments and therefore, not free of errors.

In DeslInventar there are strong and robust variables: the type of event causing the disaster
recorded; the date of its occurrence and geographical locatiarellaas other less robust

but credible with a few verifications and that can serve for analysis: the number of deaths
and wounded, the number of housing destroyed and affected and, taking certain criteria of
information management in situations of disadtes total number of victims and affected.

To that can be added, with special attention: the number of hectares of crops affected.

In quantitative terms, the set of least robust variables presents various problems (in addition
t o t he gen estaewspdpérintrsnationythah requires permanent control and
the resulting need for refinement before any analysis, in repeated treatment data from
observation of journalists has been detected, but not of a specific verifiable source (in
general an attenifhas been made to contrast that information with another source, namely

% For details on the conception, methodology and use of Deslnventawaag:desinventar.org , especially the
methodological and user manuals presented there.ufoalso the work of LA REBOSSO for UNDPISDR
iComparative Analysis oDebPanabkasas 0ddvadlésaneganddadgE EmBat



http://www.desinventar.org/
http://www.desenredando.org/
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Furthermore, not all the records contain the same information, either because of the type of
damage (there is no damage to housing but in bridges, for example), or because there is no
quantification of the damage (many damaged houses) eitheudeedhe original

information only include certain variables and not others (for example logically housing

destroyed should have a corresponding number of affected, and that does not always

appear).

As for the number of affected, there are records witlerg iigh number of them. It has

been detected that in most cages related tathe inclusion as affected among the entire
population that habeenfor one, two hours or one or two days without the provision of a

basic service (two million affected bytack of electricity).

Table 4-1 lists several of the countries that have established a database, the number of
records and the period covered.

Table 4-2 describes the main fields of records of the Deslnventar database. This
information has been taken frorhet Desinventar Methodological Guide, version 8.1.9,

Table4-1

Countries with DeslInventamumber of records and period covered

Country | No. of records | Period covered
Asia
India 9,229 01011970 30/122002
Nepal * 15,206 0901/1971 30/122007
North America

Mexico | 23,432 03011980 3112009
South Americ& Andean region

Bolivia 2,479 0502/1970 23122007

Colombia 28,352 15111914 05112009

Ecuador 4,521 0701/1970 29/122007

Peru 21,090 01011970 29/122009

Venezuela 5,047 09011530 01032010
South America& Southern Cone

Argentina 15,466 0101/1970 31/122004

Chile 12,340 01021970 25122009

Paraguay 255 01011997 30/122008

Taken from Deslnventairg
* Taken de www.desinventar.net

available on the Internet.
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Table4-2
Main fields of the Deslnventar databases
Field Description
Date Date of the event
Geographical name | Location

Type of event

Type of event

Deaths

Number of persons killed as a direct result. When final official data are available, this v
included with appropriate observations, for example when there are differences betwg
officially accepted figuresral those from other sources. Presumptions of deaths, not offi
verified, are registered in the field observations of effects mention the source of informatio

Missings

Number of persons whose whereabouts following a disaster are unknown. Thdésnoarsong
who are assumed to be dead without physical evidence. Data on deaths and disappear
mutually exclusive, therefore, they are not mixed.

Injured

Number of persons whose health or physical integrity is affected, without being mortabyi
as a direct result of the disaster. Should be included the persons who suffered wounds a
that fell ill, in the case of a plague or epidemic.

Victims

Number of persons that have suffered serious damage directly associated with the even
individual or collective property and services. For example, partial or total destruction o
housing and property; losses of crops and warehouses, etc. The number of persons
should also be included.

Affected

Number of persons that suféet indirect or secondary effects associated with a disaster.
corresponds to the number of persons, different from victims, that suffer the impact
secondary effects of disasters for reasons such as deficiencies in the provision of publi, g
business, or in employment, or by isolation. If the information appears by families, calcul
number of persons using available indicators.

Evacuated

Number of persons evacuated temporarily from their homes, work places, schools, hospitg

Resettled

Number of persons that have been displaced from their residences to new settlements.

Houses destroyed

Number of houses washed away, buried, collapsed or deteriorated, making them uninhabi

Housing affected

Number of houses with minor danggnot structural or architectural, that can continue b
inhabited, even when they require repairs or cleaning.

Value of losses ($)

Amount of losses directly caused by the disaster in local currency

Value of losses
(US$)

The equivalent in US$ of lossén local currency, using the exchange rate or local currency ¢
time of the disaster.

Hospital centres

Number of health centres, clinics, local and regional hospitals destroyed and directly or in
affected by the disaster.

Education centres

Number of daycare centres, primary schools, secondary schools, universities, training
etc. destroyed and directly or indirectly affected by the disaster. This includes those th
been used as temporary hotels.

Crops and forests
(hectares)

Area of crops, grazing or forests destroyed and affected. If the information is expressed
units of measure, they should be converted to hectares.

Livestock

Number of units lost (cows, pigs, goats, chickens) whatever the event (flooding, dr
epdemic, etc.).

Roads affected
(metres)

Length of road networks destroyed or unusable (in metres).

4.2 Events with losses

For the effects of this report, the Deslnventar records were submitted to a process of
filtering, grouping together and amendment, ineortb form a database on disasters that
includes, in addition to the information already available, an estimate of the total value of
losses associated with each event (which includes direct, indirect and macroeconomic
effects of disasters, as well as gdbirg that information in current US$). On that basis, a
series of algorithms were developed for adjusting and preparing the database for processing

the object of this analysis. Those algorithms are explained below.
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4.2.1 Algorithm for grouping events together

Records in Deslnventar are organized by municipality or another territorial unit. In other
words, each event can have one or several records corresponding to damage observed in
various municipalities, cities or regions. An algorithm was developed for amglgsd

unifying losses that can be considered to have been caused by the same event. For that
grouping, the categories described@able4-3 are used.

Table4-3
Categories
Categoy Events included
(as they appear in the database)
Earthquake Earthquake | Tsunami
Volcanic Volcanic activity
Landslide Avalanche Landslide
Hydrometeorological Deluge Torrential flood
Change in coastline Hail
Freezing Hurricane
Flooding Rains
High tide Fog
Blizzard Heat wave
Cold spell Drought
Storm Electric storm
Tornado Heavy winds
Other events Accident Biological
Change in coastline Structural collapse
Pollution Epidemic
Erosion Escape
Explosion Famine
Sinking Fire
Forestfire Intoxication
Shipwreck Other
Panic Plague
Rationing Natural dams
Sedimentation

This algorithm makes it possible to define a series of parameters and criteria for grouping
events togetherThe Table 4-4 shows the irgrval of time between records in order to
consider thenashaving been produced by a single event.

Table4-4
Interval between the triggering event and effects
Trigger Category of the cause| Interval of time [days]
Earthquake Earthquake 2
Landslide 3
Hydrometeorological | Hydrometeorological 5
Landslide 5
Landslide Landslide 1
Volcanic Volcanic 2
Other events Other events 1

When two or more records are considered to be a single event, the varieagquamtes

4-4
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recorded are grouped together and consolidated in the first record of that series.
4.2.2 Algorithm for determining losses

Information included in the database is used to produce an estimate of the total value of
losses associated with each event rexylfrom the previous process. The model for
evaluating losses takes into account the criteria established in the E®laf~Gal for
Assessment of the So@oonomic and Environmental Impact of Disas{@®03). Annex 2
describes the criteria used and thsutes obtained for evaluating lossesngsdata from
Deslinventar inColomha, Mexico and Nepal Table 4-5 summarizes the variables used in

that evaluation, whil&able4-6 summarizes several of the parders that a user can select

in function of the physical and soesmonomic conditions in the country or region that is
being studied.

Table4-5
Summary of elements used in evaluating losses

Houses and Urbaettlements
Physical valug Value of contents | Indirect value | Macroeconomics
Drinking water and Sanitation
Direct values | Indirect values
Energy
Direct values | Indirect values
Telecommunications
Direct values | Indirect values
Transportation and Communations
Direct values | Indirect values
Table4-6
Summary of parameters considered for evaluating losses
Sector Parameter Unit
Area of the typical house m2
Value per square me¢ $
Level of effect per cent
Per cent exposed (without land) per cent
Contents (furniture and equipment) US$
Demolition and removal of debris $
Houses and urban settlements Vulnerability reduction $
Resettlement $
Temporary housing $
Rental housing $
Financial costs $
External sector effects $
Public sector effects $
. . . Compromised infrastructure $
Public services (drinking water, ener - —— - -
and telecommunications) De_crease in production, increase in production costs and
of income $
Transportation and communitians Emergency repairs and cost of rehabilitating infrastructurg $
Increased operating costs for vehicles $
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4.3 Steps for risk assessment

In order to carry out a retrospective risk analysis and the empirical construction of the first
segment of the losexceedancecurve using Desinventar, the following steps have been
carried out:

1. Selection of the DesInventar database;

2. General statistical analysis of that database;

3. Selection of the parameters for grouping together by event;

4. Unification of the effects thtagh grouping together by event;

5. General statistical analysis by event;

6. Definition of parameters for loss assessment by event;

7. Calculation of losses by event;

8. Statistical analysis of losses by event;

9. Verification of results with events whose losses arerdsh

10.Tuning of the entire model for consistency and good estimates using existing
information;

11. Classification of events by category;

12.Preparation of losgexceedanceurves (number of events per year with losses
greater or equal to each of the losses ddjiier each type of event and for all
events.

Figure4-1 illustrates two segments of losgceedanceurves: one calculated following the
previous steps (the one on the left) and the other through analytical evaluation (tlme one o
the right), the calculation of which is explained further along.

Because the time covered by the database is very limited compared to that needed to record
possible extreme losses, the segment of the curve obtained empirically with the
DesInventar datahows an increase in the slope as a result of the lack of major events in the

time covered by the database. In order to illustrate sensitivity to a lack of completeness of
losses from major events of this segment of the éosgedanceurve, the figure stws

how the segment Arisesd as major hypothetica
can be assessed using the probabilistic analytical technique described below are included in

the database.
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Figure 4-1
Effects of including large hypothetical events in the database

4.4 Results of empirical risk assessment

Threecases of study are included in this repo@olombia,Mexico and Nepglcountries that
have broad and refined Deslinventar databases that maghkessible to carry out the
proposed analysis.

Annex 2 also presents interim results of the analysis made using the procedure for each
country. The results presented below correspond to a summary of the results presented in
that annex.

Table4-7 summarizes the statistics of the DesInventar database for the countries, Colombia
(since 1970 to 2009Mexico (from 1980 to 2009) and Nepal (from 1971 to 200Bjoken
down by type of event after grouping events together.

Table4-7

Summary of events grouped together

Colombia Mexico Nepal
Category No. of Co§t. No. of Co§t' No. of Co§t'

events | [US$ millions]| events | [US$ millions]| events | [US$ millions]

Landslides 2,401 711 442 1,707 1,173 173
Hydrometeorological 5,565 10,449| 3,608 66,499 3,207 1,506
Other events 2,771 771 4,228 6,533| 2,837 10
Earthquakes 112 2,802 84 7,401 23 418
Volcanic activity 19 251 14 637 0 0
All events 10,868 14,983 8,376 82,778 7,240 2,109

Figure 4-2 to Figure 4-4 show the level of effects of the various phenomena within the
countries studied.
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Effects of the phenomena in Nepal

Figure4-5 to Figure4-7 present diagrams of frequencies of the main variables available for

the database of events grouped together.
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Frequency of events of the main variables in the database for Colombia
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Frequency of events of the main variables in the database for Mexico
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Frequency of events of the main variables in the database for Nepal

From Figure 4-8 to Figure 4-10 loss exceedancecurves foreach of the countries
presentedbroken down by type of event and by the total number of events.
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