Indicators for Disaster
Risk and Risk
Management

Programme for Latin-America
and The Caribbean

Belize




Indicators for Disaster Risk and Risk
Management

Programme for Latin-America and The Caribbean

Belize

Inter-American Development Bank
2011



http://www.iadb.org

The Inter-American Development Bank Technical Notes encompass a wide range of best practices, project
evaluations, lessons learned, case studies, methodological notes, and other documents of a technical
nature. The information and opinions presented in these publications are entirely those of the author(s),
and no endorsement by the Inter-American Development Bank, its Board of Executive Directors, or the
countries they represent is expressed or implied.

This paper may be freely reproduced.

OPTIONAL: Type address for correspondence
OPTIONAL: Type Authors name and eMail



TABLE OF CONTENTS

1 NATIONAL CONTEXT
2 NATURAL HAZARDS

3 INDICATORS OF DISASTER RISK AND RISK MANAGEMENT

3.1 Disaster Deficit Index (DDI)
3.1.1 Reference parameters for the model
3.1.2 Estimation of the indicators

3.2 Prevalent Vulnerability Index (PVI)
3.2.1 Indicators of exposition and susceptibility
3.2.2 Indicators of socio-economic fragility
3.2.3 Indicators of resilience (lack of)
3.2.4  Estimation of indicators

3.3 Risk Management Index (RMI)
3.3.1 Institutional framework
3.3.2 Indicators of risk identification
3.3.3 Indicators of risk reduction
3.3.4 Indicators of disaster management
3.3.5 Indicators of governance and financial protection
3.3.6  Estimation of the indicators

4 CONCLUSIONS

5 BIBLIOGRAPHY

Al.l  SEISMIC HAZARD

Al.2 HYDROMETEOROLOGICAL HAZARDS
Al.3 HAZARD OF FLOODING

10
12

16
17
17
18
19

23
24
25
25
26
26
27

32
33
36
38
43



1 INTRODUCTION

Disaster risk is not only associated with the omnre of intense physical phenomenon but
also with the vulnerability conditions that favowr facilitate disaster when such
phenomenon occur. Vulnerability is intimately rethto social processes in disaster prone
areas and is usually related to the fragility, spsbility or lack of resilience of the
population when faced with different hazards. Imeot words, disasters are socio-
environmental by nature and their materializat®nhie result of the social construction of
risk. Therefore, their reduction must be part ofisien making processes. This is the case
not only with post disaster reconstruction but algth public policy formulation and
development planning. Due to this, institutionavelepment must be strengthened and
investment stimulated in vulnerability reduction onder to contribute to the sustainable
development process in different countries.

In order to improve disaster risk understanding atidaster risk management
performance a transparent, representative and troBystem of Indicators, easily
understood by public policymakers, relatively e&sypdate periodically and that allow
cluster and comparison between countries was deeelby the Institute of Environmental
Studies (IDEA in Spanish) of the National Univeysif Colombia, Manizales. This System
of Indicators was designed between 2003 and 20@b the support of the Operation
ATN/JF-7906/07-RG “Information and Indicators Praxgr for Disaster Risk Management”
of the Inter-American Development Bank (IDB).

This System of Indicators had three specific olpjest i) improvement in the use and
presentation of information on risk. This assistdigymakers in identifying investment
priorities to reduce risk (such as prevention ariigation measures), and directs the post
disaster recovery process; ii) to provide a wagntasure key elements of vulnerability for
countries facing natural phenomena. It also pravideway to identify national risk
management capacities, as well as comparativefdavaluating the effects of policies
and investments on risk management; and iii) appba of this methodology should
promote the exchange of technical information fablg policy formulation and risk
management programs throughout the region. Thee®ysf Indicators was developed to

be useful not only for the countries but also fbe tBank, facilitating the individual



monitoring of each country and the comparison betwée countries of the region.

The first phase of the Program of Indicators IDE=W involved the methodological
development, the formulation of the indicators #mel evaluation of twelve countries from
1985 to 2000. Afterwards of two additional courdrigere evaluated with the support of
the Policy Regional Dialogue on Natural Disaster22008 a methodological review and the
updating of the indicators for twelve countries wiade in the framework of the Operation
RG-T1579/ATN/MD-11238-RG. Indicators were updatiog2005 and for the most recent
date according to information availability (2007 2008) for Argentina, Bolivia, Chile,
Colombia, Ecuador, Jamaica, Mexico, Peru, DominRepublic and Trinidad and Tobdgo
In addition, Barbados, Panama and Belize weredieclun the program. This report has been
made using —with some adjustments that in each aaseeferenced— the methodologies
formulated in the first phase of the Program ofdatbrs IDB-IDEA

The System of Indicators abovementioned attemptsk rand vulnerability
benchmarking using relative indicators in ordefadilitate access to relevant information
by national level decision makers which facilitaté® identification and proposal of
effective disaster risk management policies antbast Their underlying models search to
represent risk and risk management at a natioradé sallowing the identification of its
essential economic and social characteristics asairgparison of these aspects and the risk
context in different countries.

The System of Indicators proposed permits the beacking of the evaluations of each
country in different periods. It assists the mogward a more analytically rigorous and
data driven approach to risk management decisidingaThis measurement approach
enables:

* Representation of disaster risk at the nationatlleallowing the identification of

key issues relating to their characterization frameconomic and social point of

view.

! Last period, in general, is considered tentativgr@liminary because usually, most recent valuesnat
totally confirmed and it is common that some ofrthehange, such as it has been verified in this tipgla
with values that were used in the previous evabnat?2005).

2 More information and details of methodologies ¢enfound in IDEA (2005). “System of Indicators of
Disaster Risk and Risk Management: Main Technicgbd®t”. Program of Indicators for Disaster Risk and
Risksk Management IDB — IDEA, Universidad NaciodalColombia, Manizales. http://idea.unalmzl.edu.co



* Risk management performance benchmarking of tHerdiit countrieto determine

performance targets for improving management effecess.

Due to a lack of parameters, the need to suggest¢ smalitative indicators measured
on subjective scales is unavoidable. This is thee eath risk management indicators. The
weighting or pondering of some indices has beereriaken using expert opinion and
informants at the national level. Analysis has baehieved using numerical techniques
that are consistent from the theoretical and sitedisperspectives.

Four components or composite indicators reflectghicipal elements that represent
vulnerability and show the advance of different moies in risk management. This is

achieved in the following way:

1. The Disaster Deficit Index, DDI, measures counisi from a macro-economic and
financial perspective when faced with possible statghic events. This requires an
estimation of critical impacts during a given exp@stime and of the capacity of
the country to face up to this situation finangiall

2. The Local Disaster Index, LDI, identify the socahd environmental risk that
derives from more recurrent lower level events Wwhace often chronic at the local
and sub national levels. These particularly affebe more socially and
economically fragile population and generate a lyigtamaging impact on the
countries development.

3. The Prevalent Vulnerability Index, PVI, is made afpa series of indicators that
characterize prevailing vulnerability condition$leeted in exposure in prone areas,
socioeconomic fragility and lack of resilience iengral.

4. The Risk Management Index, RMI, brings togetheraug of indicators related to
the risk management performance of the countrys@heflect the organizational,
development, capacity and institutional action ke reduce vulnerability and
losses, to prepare for crisis and efficiently resrov

In this way, the System of Indicators covers ddfdraspects of the risk problematic

and takes into account aspects such as: potemtiahge and loss due to the probability of

extreme events, recurrent disasters or lossey-eogironmental conditions that facilitate



disasters, capacity for macroeconomic recoveryawehr of key services, institutional
capacity and the effectiveness of basic risk mamage instruments such as risk
identification, prevention and mitigation measurf@sancial mechanisms and risk transfer,
emergency response levels and preparedness angmngaapacity (Cardona 2008). Each
index has a number of variables that are associaitidit and empirically measured. The
choice of variables was driven by a consideratiba number of factors including: country
coverage, the soundness of the data, direct retevianthe phenomenon that the indicators
are intended to measure, and quality. Whereverilgess is sought to use direct measures
of the phenomena is wanted to capture. But in scases, proxiéshad to be employed. In
general it is sought variables with extensive counbverage but chose in some cases to
make use of variables with narrow coverage if theasured critical aspects of risk that
would otherwise be overlooked.

This report presents only the updated or new redatltthe country and there will be
not found detailed methodological explanations beeathey are not the scope of this
report. Information related to the methodology anel previous results of the System of
Indicators can be found at: http://idea.unalmzl.edu where details on conceptual
framework, methodological support, data treatmertt statistical techniques used in the
modelling are presented (Cardona et al 2003a/b4 ad6).

2 NATIONAL CONTEXT

Belize (formerly British Honduras until the nametbé& country was changed in 1973) lies
on the eastern or Caribbean coast of Central Amebicunded on the north and part of the
west by Mexico, and on the south and the remaintiéhe west by Guatemala. The inner
coastal waters are shallow and are sheltered ioye @f coral reefs, dotted with islets called
‘cayes’, extending almost the entire length otcthantry.

There is a low coastal plain, much of it coveredhwnangrove swamp, but the land
rises gradually towards the interior. The Maya Maims and the Cockscomb Range form
the backbone of the southern half of the countrg, Highest point being Doyle's Delight
(1124 meters above sea level) in the Cockscomb &afige Cayo District in the west

3 Due to the lack of detailed information for coarse grain results it is possible using alternative figures of other
related data that reflect indirectly the information needed.



includes the Mountain Pine Ridge, ranging from 89&round 914 metres above sea level.
The northern districts contain considerable arddaldeland. There are many rivers, some
of them navigable for short distances by shalloaudht vessels. A large part of the
mainland is forest.

The area of the mainland and cayes is 8,867 saniées. The country's greatest length
from north to south is 174 miles and its greategltiwis 68 miles. The climate is
subtropical, tempered by trade winds. Temperaturesastal districts range from about 10
°C (50°F) to about 35.6°C (96°F); inland the rangegreater. Rainfall varies from an
average of 1,295 millimetres in the north to 4,44iBimetres in the extreme south. The dry
season usually extends from February to May ane fisesometimes a dry spell in Augdst.
Figure 1 presents an estimative of population ilions inhabitants for different zones in
Belize for 2008.

Figure 1. Population of main territorial units

St. Joseph 30.1

St. John 33.3

St. James 77
St. George 96.6
St. Andrew 48.3
Christ Church 36.8
(o] 40 80 120

Population (Thousands)
Source: Statistical Institute of Belize

Regarding to its economy, GDP at market prices @fzB is USD 1,358.7Million in

2008. In this period, current account and tradar@ have been near to -4% of GDP in

4The Belize Government Official Portal (www.belize.gov.bz)




2007. The rate of inflation slowed considerablynirpositive 6.4% in 2008 to a negative
1.1% in 2009. The unemployment rate is estimateti@brder of 8.2% for 2008 according
to the Statistical Institute of Belize. The exchangate in 2010 fluctuates around
BZD5%$1.97 per dollar. Table 1 presents a summaryna€roeconomic variables of the
country. Concerning the social characteristics hed tountry, the illiteracy rate of the
population over 15 years old is around 5.3% in 200%& number of hospital beds per one

thousand inhabitants is 1.2.

Table 1. Main macroeconomic and social indicators

Indicator 2005 2007 2008
GDP (USD million) 1,114.9 1,276.8 1,358.7
Trade balance (% GDP) -13.56 -4 ”
Total debt service (% Exports and income) 34.5 69.3 10.5
Unemployment (%) 11 8.5 8.2
Population living lower the poverty line ” i ”
Human Development Index 0.770 0.772 -

** Data not available

Without data

Sources: The World Bank, ECLAC

5 Belize dollar



3 NATURAL HAZARDS

Figure 2 are presented the percentages of theeimdkiarea and the severity level of the
different hazards in the country. Likewise, Fig@reresents the classification by mortality
risk established by the International StrategyDeaster Reduction, ISDR. These figures
illustrate the events that can be considered ggdrs for the estimation of the Disaster
Deficit Index, IDD. Other frequent and punctual pbmena as landslides and floods, less
visible at national level are the causes of recuredfects at local level and may have an
important accumulative impact. For this reason thieyconsidered in the estimation of the
Local Disaster Index. Appendix | presents a genggatription of the country’s hazards.

Figure 2. Percentage of the influence area by hazar
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Source: Munich Re

The most important natural hazards to the counteytlze earthquakes, tropical storms
and hail storms. These are the extreme eventswbald cause the major losses in the
future in Belize. There are other natural phenonteatthave lower probability of affecting

country such as lightning, floods, tropical storrdspught, and hail storms however they

® http://mrnathan.munichre.com/




are able to cause significant local damages. Tfiigration is especially important for the
estimation of the Disaster Deficit Index, DDI. Onetother hand, most recurrent and
isolated phenomena, such as landslides and fleadsge frequent effects at the local level,
without be noticed. These events have also grepadts over population, and, if they are
accumulative, can be important too. Informationutlibese events is especially important
for the estimation of the Local Disaster Index, LDI

Figure 3. Classification by mortality risk

Landslides (relative) |
Floods (relative) Unknown
Earthquakes (relative Very Low
A Low
Cyclones (relative) Medium Low
Multiple mortality (relative) __| Medium
Landslides (absolute " Medium High
Floods (absolute) = High .
d ® Very High
Earthquakes (absolute) ® Important
Cyclones (absolute) B Extreme
Multiple mortality (absolute)

0 1 2 I3I4I5 I6 I7I8I9I10

Source: ISDR 2009

The mortality risk index established by the Intéiovaal Strategy for Disaster
Reduction — ISDR, is based on hazard modellingitad cyclones, flooding, earthquakes
and landslides), taking into account the frequeag severity of the hazard events, the
human exposition and the vulnerability identificati The absolute mortality risk index
refers to the average of dead people per yearetagve mortality risk index refers to the
average of dead people in proportion to the natipopulation. Low indexes 1 mean low
mortality risk and 10 is the maximum value. Accoglio Figure 3, relative values indicate
that mortality risk is medium-high concentrated géandslides and medium concentrated
due to floods and cyclones, earthquakes does nat &ay participation in the absolute
index. Likewise, absolute mortality risk shows thamdslides, floods and cyclones are

classified as very low and earthquakes do not hayeparticipation.



4  INDICATORS OF DISASTER RISK AND RISK M ANAGEMENT

A summary of the results obtained from the Systéimdicators application for Belize
for the period 2001-2005 and later to 2005, as$anformation allows, is presented in this
section. These results are useful in order to aealigk and risk management performance
in the country, based on information supplied dfedent national institutions.

4.1 DisAsTER DerICIT INDEX (DDI)

The DDI measures the economic loss that a parti@dantry could suffer when a
catastrophic event takes place, and the implicatiorierms of resources needed to address
the situation. This index captures the relationsbgween the demand for contingent
resources to cover the losses that public sectost masume as result of its fiscal
responsibility caused by the Maximum ConsiderednE®CE) and the public sector’s
economic resilience (ER).

Losses caused by the MCE are calculated with a hibdetakes into account, on the
one hand, different natural hazards, -calculatgutatabilistic terms according to historical
registers of intensities of the phenomena- andihenother hand, the current physical
vulnerability that present the exposed elementthése phenomena. The ER is obtained
from the estimation of the possible internal oreexal funds that government, as
responsible of the recovering or as owner of tiiectégd goods, may access or has available
in the moment of the evaluation. For this updatghtMCE and ER were evaluated again
for all periods because some changes were detgcthd previous values of the databases
from they were taken; therefore, both, the proxyewposition as the available resources
suffered some modifications.

A DDI greater than 1.0 reflects the country’s ini@pito cope with extreme disasters
even by going into as much debt as possible. Teatgr the DDI, the greater the gap. Now
then, an estimation of a complementary indicat@®)'OE has been made, to illustrate the
portion of a country’s annual Capital Expenditunattcorresponds to the expected annual
loss or the pure risk premium. That is, what petaga of the annual investment budget
would be needed to pay for future disasters (IDEDAZ Cardona 2005). The DDI'IS is
also estimated with respect to the amount of suside resources due to inter-temporal

surplus; i.e. the saving which the government ¢apley, calculated over a ten year period,



in order to best attend the impacts of disastens. DDI'IS is the percentage of a country’s

potential savings at present values that corresptmthe pure risk premium.

4.1.1 Reference parameters for the model

Even though there is not detailed data useful fodelling public and private inventories, it
is possible to use general information about kardtas and/or on the population to make
estimations of these inventories of exposed elesn€entis technique or proxy method
allows a coarse grain assessment of the volumeasidof the exposed elements required
for the analysis. The parameters for shaping a lgemeous and consistent information
structure for the project specific objectives aetaded below. They are the cost of square
meter of some construction classes, built areaeach city related to the number of
inhabitants— and distribution of built areas inibagoups for analysis —as the public and
private components—, which would be in charge owuldiobe fiscal liabilities of the
government in case of disaster. In addition, tis¢ o€ private goods, that constitute capital
stocks, are considered as well to provide a gengeal of the potential impact in the
country.

Figure 4 shows estimations of built areas in déf¢rcomponents and its variations in
time (since 2000 to 2008). Figure 5 presents aairgraphic similar regarding the exposed
values for the whole country. The technique for rtogis exposure estimation,
vulnerability and hazard assessment and risk magsgdd are explained in Ordaz &Yamin
(2004) and Velasquez (2009). These technical empilmms are available in

http://idea.unalmzl.edu.co




Figure 4. Total built areas by component in squar&m

Area (Km?2)
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Source: Author’s data

Figure 5. Exposed value by component in billion dtdrs
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The construction area values are related to tte éxiposure (public and private), the
government buildings and infrastructure (publicyl éime low-income socio-economic strata
(ESEB, estratos socio-economicos de bajos ingrésdspanish). The sovereign or fiscal

liabilities are usually the public and the propesfythe low-income householders.



4.1.2 Estimation of the indicators
Table 2 shows DDI for 2000, 2005 and 2008 for thexivhum Considered Event (MCE) of
50, 100 and 500 years of return perfod.

Table 2. DDI for different return periods

DDI 2000 2005 2008
DDI50 1.37 2.53 2.82
DDI100 2.35 4.17 4.59
DDI500 2.94 4.35 4.59

Source: Author’s data

For extreme events in 50, 100 and 5@@ars in each period the country has not had the
capacity to cover reconstruction costs using it dunds or with the resources that the
government could have accessed if it would be macgsthat is, values greater than 1.0
means the country does not have enough resources/¢éo losses and/or feasible financial
capacity to face losses and replace the capitaek stffected. Table 3 shows DDI’ values,
which corresponds to annual expected loss relatedpital expenditure (annual budget of
investment), and related to possible saving fariemporal surplus to 10 years, expressed
in percentages. DDI'CE illustrates that if conting&abilities to the country were covered
by insurance (annual pure premium), the countryldvdave to invest annually close to
14% of 2008’s capital expenditure to cover futuigadters. The DDI’ with respect to the
amount of sustainable resources due to inter-teahprplus indicates that for all the
periods evaluated there would not be annual avesag®gs for covering the losses in the
country and it would represent a deficit ("D).

Table 3. DDI’ related to capital expenditure and mter-temporal surplus

IDD' 2000 2005 2008
IDD ce 6% 13% 14%
IDDs "D "D "D

Source: Author’s data

7 Events that can occur in any moment and they hawebability of occurrence of 2%, 10% and 18%l0ryears.
8 Events that can occur in any moment and they hawebability of occurrence of 2%, 10% and 18%l0ryears.



Figure 6 illustrates DDI and DDI' values related ¢apital expenditure. Graphics
illustrate that in 2005 DDI increased in comparigon2000. From 2000 to 2005 it also

increased but in a more slight way. In the same, i@yl according to the budget of

investment had great values, especially for thietVes years of analysis.
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Due to the importance of the numbers used to etaliee DDI and the DDI' in each

period and considering the extreme disasters efeate. Table 4 shows the values of the

potential losses for the country for the Maximurme€idered Event, MCE, with 50, 100 and

500 year return period. This estimation in retrasipe took into account the exposition level
of the country for 2000, 2005 and 2008. In addijtibable 4presents the values of the pure

premium that means the required annual amountuerdature disasters in each period. The

DDI and DDI' for three years of analysis were cédted based on the estimations of the

potential maximum losses and expected annual lossgsectively (numerator of the

indicators).



These indicators can be estimated every five yaadscan be useful to identify the
reduction or increasing of the potential deficitedio disasters. Clearly, investments in
mitigation (retrofitting of vulnerable structurethiat reduce potential losses or increasing of
insurance coverage of exposed elements what entihececonomic resilience, could be

reflected in a future more favourable DDI for twntry.

Table 4. Probable loss and pure Premium for DDI andDI’ calculations

Lgg 2000 2005 2008

Total — Million US$ 112.2 113.6 143.9
Government — Million US$ 22.3 22.6 28.6
Poor — Million US$ 87.2 88.5 112.2
Total - % GDP 13.49% 10.19% 10.70%
Government - % GDP 2.68% 2.03% 2.13%
Poor - % GDH 10.48% 7.93% 8.34%

L 10c
Total — Million US$ 194.7 197.2 249.7
Government — Million US$ 43.0 43.6 55.3
Poor — Million US$ 154.4 156.6 198.6
Total - % GDP 23.40% 17.68% 18.56%
Government - % GDP 5.17% 3.91% 4.11%
Poor - % GDH 18.56% 14.04% 14.76%

I—SOC
Total — Million US$ 765.7 782.1 998.9
Government — Million US$ 164.5 166.9 211.6
Poor — Million US$ 166.4 168.7 214.0

Total - % GDP 92.03% 70.14% 74.27%)
Government - % GDP 19.78% 14.97% 15.73%
Poor - % GDH 20.00% 15.13% 15.91%

Ly
Total — Million US$ 8.1 8.2 10.3
Government — Million US$ 2.0 2.0 25
Poor — Million US$ 6.1 6.1 7.8
Total - % GDP 0.97% 0.73% 0.77%
Government - % GDP 0.24% 0.18% 0.19%
Poor - % GDH 0.73% 0.55% 0.58%

Source: Author’s data

Table 5 presents possible internal and externaflduinat the government needs to
access in the moment of the evaluation to facéo$ses in case of an extreme disaster. The

sum of these available or usable possible fundsesponds to the economic resilience



between 1995 and 2008 every five years. Based esethstimations (denominator of the
indicator) the DDI was calculated for the differ@atriods.

DDI for 2008 was calculated based on the most teesailable information on
exposed elements, references of the build areasthaeid cost values. They have been
established according to still tentative data atatistical information that may change in
the future. In addition, the economic resiliencen@minator of the index) was estimated in
terms of GDP for each fund taking as reference @won information available for 2006
and 2007 due to current gaps; i.e. information tieate not been incorporated yet in the
databases. This means that the recent results of Ry vary once the data will be
consolidated.

Table 5. Economic resilience, funds and resources for Dalculations

Funds 2000 2005 2008
Insurance premiums% GDP 0.000 0.0 0
Insurance/ reinsurance.-F1p 0.0 0.0 0.0

Insurance/ reinsuranaeo -F1p 0.0 0.0 0.0
Insurance/ reinsuran®eo -F1p 0.0 0.0 0.0
Disaster reserves2p 0.0 0.0 $0
Aid/donationsso -F3p 5.6 5.7 7.2
Aid/donations100 -F3p 9.7 9.9 12.5
Aid/donationss00 -F 3p 38.3 39.1 49.9
New taxes F4p 0.0 0.0 $0
Capital expenditure % GDP 14.880 5.7 5
Budgetary reallocationsF5p 74.3 38.1 43
External credit. F6p 0.0 0.0 0.0
Internal credit F7p 0.0 0.0 0.0
Inter-temp surplus. d*% GDP -0.070 -3.1 -2.38
Inter-temp surplusF8p -0.6 -34.8 -$ 32

ER.5
Total - Millions US$ 80 44 50
Total -%GDP 9.60% 3.93% 3.71%

ER.10c
Total - Millions US$ 84 48 55
Total -%GDP 10.10% 4.30% 4.11%

ER.sc
Total - Millions US$ 113 77 93
Total -%GDP 13.53% 6.93% 6.89%

Source: Author’s data



As conclusion of the obtained results, nonethelid®s country has improved its
economic resilience, as it can be seen in the tesluof DDI values in the last years,
disasters in general, imply an obligation or nopliex contingent liability that can mean
an impact to fiscal sustainability, given that tmest of the resources that government
could access represent own funds and new possdiies.din other words, government
retains significant losses and its financing repnésa high opportunity-cost given other

needs of investment and the existent country’s budigtrictions.

4.2 PREVALENT VULNERABILITY INDEX (PVI)

PVI characterizes predominating vulnerability caimis reflected in exposure in prone
areas, socioeconomic fragility and lack of socedilrence; aspects that favour the direct
impact and the indirect and intangible impact isecaf the occurrence of a hazard event.
This index is a composite indicator that depictenparatively a situation gpatternin a
country and its causes or factors. This is so éoektent that the vulnerability conditions
that underlie the notion of risk are, on the onadyaproblems caused by inadequate
economic growth and, on the other hand, deficienthat may be intervened via adequate
development processes. PVI reflects susceptilaliy to the level of physical exposition of
goods and people, PMthat favours direct impact in case of hazard exdhglso reflects
social and economic conditions that favour indiraat intangible impact, P¥t. And it
reflects lack of capacity to anticipate, to absoobsequences, to efficiently respond and to
recover, PVir (IDEA 2005; Cardona 2005).

PVI varies between 0 and 100, a value of 80 meang hgh vulnerability, from 40 to
80 means high, from 20 to 40 is a medium value lassl than 20 means low. In the new
phase of the Program of Indicators, for the coestralready evaluated, the PVI was
calculated again for all the periods due to varivakies of the databases that were not
known, currently are available or have been modli&e result of revisions that were made
after the previous evaluation of the index. Modifions in maximum and minimum
reference values were also made for this new etralu¢o standardize the values of the

subindicators in a uniform form for old and new leaded countries.



4.2.1 Indicators of exposure and susceptibility
In the case of exposure and/or physical suscepfibPVIES, the indicators that best
represent this function are those that represestegtible population, assets, investment,
production, livelihoods, essential patrimony, anolan activities. Other indicators of this
type may be found with population, agricultural amdan growth and densification rates.
These indicators are detailed below:

» ESI1. Population growth, avg. annual rate, %

* ES2. Urban growth, avg. annual rate, %

« ES3. Population density, people (5 km2)

» ESA4. Poverty-population below US$ 1 per day PPP

e ESS5. Capital stock, million US$ dollar/1000 km2

* ESG6. Imports and exports of goods and servicesPR G

» ES7. Gross domestic fixed investment, % of GDP

« ESB8. Arable land and permanent crops, % land area.

These indicators are variables that reflect a notb susceptibility when faced with
dangerous events, whatever the nature or sevdrthieese. “To be exposed and susceptible
is a necessary condition for the existence of riSl€spite the fact that in any strict sense it
would be necessary to establish if the exposurelévant when faced with each feasible
type of event, it is possible to assert that certairiables comprise a comparatively adverse
situation where we suppose that natural hazardg agia permanent external factor, even

without establishing precisely their charactersstic

4.2.2 Indicators of socio-economic fragility
Socio-economic fragility, PVISF, may be represerigdndicators such as poverty, human
insecurity, dependency, illiteracy, social dispasi unemployment, inflation, debt and
environmental deterioration. These are indicatdrat reflect relative weaknesses and
conditions of deterioration that would increase divect effects associated with dangerous
phenomenon. Even though such effects are not reedgssccumulative and in some cases
may be redundant or correlated, their influencespecially important at the social and
economic levels. Those indicators are the following

e SF1. Human Poverty Index, HPI-1.



» SF2. Dependents as proportion of working age pdipula

e SF3. Social disparity, concentration of income meas using Gini index.
* SF4. Unemployment, as % of total labour force.

» SF5. Inflation, food prices, annual %

» SF6. Dependency of GDP growth of agriculture, ahfua

* SF7. Debt servicing, % of GDP.

e SF8. Human-induced Soil Degradation (GLASOD).

These indicators are variables that reflect, inegaih an adverse and intrinsic9
predisposition of society when faced with a dangsrphenomenon, whatever the nature
and intensity of these events. “The predispositionbe affected” is a vulnerability
condition although in a strict sense it would beeassary to establish the relevance of this
affirmation when faced with all and individual féae types of hazard. Nevertheless, as is
the case with exposure, it is possible to suggést tcertain variables reflect a
comparatively unfavourable situation, supposingt thiee natural hazards exist as a

permanent external factor irrespective of theircexharacteristics.

4.2.3 Indicators of resilience (lack of)
The lack of resilience, PVILR, seen as a vulnergbfactor, may be represented at all
levels by means of the complementary or invertenié8tment of a number of variables
related to human development levels, human cagtalpnomic redistribution, governance,
financial protection, collective perceptions, pneggmless to face crisis situations, and
environmental protection. This collection of indima on their own and particularly where
they are disaggregated at the local level coulg helthe identification and orientation of
actions that should be promoted, strengthened iorifoired in order to increase human
security.

e LR1. Human Development Index, HDI [Inv]

* LR2. Gender-related Development Index, GDI [Inv]

* LR3. Social expenditure; on pensions, health, aluga&ion, % of GDP [Inv]

% Also it is denominated as inherent vulnerabilitymeans, own socio-economic conditions of the comities that
favour or facilitate the occurrence of effects barh.

O The symbol [Inv] is used here to indicate a revers@verted dealing of the variable (=R = 1- R).



* LR4. Governance Index (Kaufmann) [Inv]

* LR5. Insurance of infrastructure and housing, %Df[Inv]
* LRG6. Television sets per 1000 people [Inv]

e LR7. Hospital beds per 1000 people [Inv]

* LR8. Environmental Sustainability Index, ESI [Inv]

These indicators are variables that capture in erangashion the capacity to recover
from or absorb the impact of dangerous phenomehatever their nature and severity.
“To not be in the capacity to” adequately face slises is a vulnerability condition,
although in a strict sense it is necessary to éskathis with reference to all feasible types
of hazard. Nevertheless, as with exposure andlitsagiis possible to admit that certain
economic and social variables reflect a comparigtimefavourable situation supposing that
natural hazards exist as permanent external fastdttsout establishing their precise
characteristics.

4.2.4 Estimation of indicators

In general, PVI reflects susceptibility due to thegree of physical exposure of goods and
people, PWs, that favour the direct impact in case of hazarenés. In the same way, it
reflects conditions of socioeconomic fragility thavour the indirect and intangible impact,
PVIsk Also, it reflects lack of capacity to absorb consaaces, for efficient response and
recovering, PVlr. Reduction of these kinds of factors, as the psgpof the human
sustainable development process and explicit gsli¢or risk reduction, is one of the
aspects that should be emphasized. Table 6shovistdid®VI and its components related
to exposure and susceptibility, socio-economic ifitggand lack of resilience. It is
important to point out that, for participation aflsndicators which do not have a recent
value, we opted using the same value in all period®rder to avoid affecting relative
value of indices and hopping in future the valuéhelse subindicators will be published.



Table 6. PVI values

1985 | 1990| 1995  200¢ 2005  20Q7
PVlgs | 29.963| 36.554| 31.061| 38.891| 34.967| 30.327
PVise | 36.847| 34.357| 37.448| 31.604| 38.022| 46.200
PVl r | 63.961| 63.232| 61.685| 58.719| 51.988| 51.986
PVI |43.590| 44.714| 43.398| 43.071] 41.659| 42.838

Source: Author’s data

Figure 7 shows non scaled subindicators valuesctiapose P\ds and their respective

weights, which were obtained using Analytic Hiehgr&®rocess (AHP).
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Figure 7. PVIES

Source: Author’s data

in all the periods. There is an increasing in 260fpared to the previous period but after
2000 the indicator presents a slight diminish. Ehesanges can be specially due to the
decreasing of the percentage of poor populatiodHBat besides is the indicator with a
higher weight assigned (represent the fourth péhimvthe weights). Other indicators also
presented a slight decrease but other, on theargntrere higher, what did not allow the
greater declining of the index due to exposure andceptibility. Nevertheless, it is

detected a decrease in the urban growth but aamnisicrease in population density that

can reflect the migration phenomena of the coutatgyopulated areas.
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Vulnerability due to exposure and susceptibilitythie country was relatively constant



Figure 8 shows non scaled subindicators values toatpose PVISF and their
respective weights, which were obtained using Ainaltierarchy Process (AHP).

Figure 8. PVIse
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Vulnerability due to socio-economic fragility in ehcountry presented a gradual
increase since 2000 to 2007. The majority of thikcators presented a notable growth from
2000 to 2005. Those indicators were the Human RypJvedex (SF1), social disparity
(SF3), unemployment (SF4), inflation (SF5) and debvicing (SF7). Some indicators like
dependents as proportion or working age populd®#2) and dependency of GDP growth
of agriculture (SF6) decreased, nevertheless ttiginge was not very high and their
weights neither very high. From 2005 to 2007, thewgh of the indicators was slighter
with exception of the debt servicing (SF7) thatr@ase the double compared with the
previous period (2005). When a follow up with iratiers is made it can be observed the
relation between the increasing of the human pguedex and unemployment. In general,
the level of vulnerability due to socio-economiadtity of the country is high if it is
compared with the other countries of the region.



Figure 9 shows the figures of non scaled subindisathat compose PVILR and their
respective weights, which were obtained using Ainaktierarchy Process (AHP).

Figure 8. PVI.r
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Vulnerability due to lack of resilience is the cdempentary or the inverted lecture of
resilience or capacity, obtained for the subindicatselected. In this case most of the
subindicators show relative steady values in @&lghriods. For this reason, slight decrease
is detected in the PVILR; this indicates that fesite is going up for the last two years of
evaluation. In comparison to the other countriestlté region, Belize has medium
vulnerability due to lack of resilience; the genaralicator value is high and this is the
indicator with the greatest contribution to the moy's vulnerability.

Figure 10 shows total PVI obtained with averaget®itcomponent indicators, and its
aggregated presentation in order to illustrater th@ntributions.



Figure 9. PVI
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PVI figures illustrate that prevalent vulnerabiliy constant and do not have notable
changes through the years. Comparing the threeatais, the lack of resilience is the
indicator with the greatest contribution to prewaleulnerability; situation that occur also
in other countries in the region. In general, thmdicator has the main incidence in
developing countries.

PVI illustrates relationship between risk and depeient, either because the
development model adopted reduces it or increase$his aspect makes evident the
convenience of explicit risk reduction measuresgalbgee development actions do not
reduce vulnerability automatically. This evaluatican be useful to institutions related to
housing and urban development, environment, adui@l health and social care,

economics and planning, to mention some.

4.3 RISK MANAGEMENT INDEX (RMI)

The main objective of RMI is measurement or perfamoe of risk management. This index
is a qualitative measurement of risk based on gtabéished levels (targets) or desirable
referents (benchmarking) towards risk managemeatildhbe directed, according to its

level of advance. For RMI formulation, four compatgeor public policies are considered:

Risk identification (RI), risk reduction (RR), ds&tar management (DM) and Governability
and financial protection (FP).



Estimation of each public policy takes into acco@isubindicators that characterize the
performance of management in the country. Assedssafiedach subindicator is made using
five performance levels: low, incipient, signifitanoutstanding and optimal, that
corresponds to a range from 1 to 5, where 1 isldthwest level and 5 the highest. This
methodological focus allows using each referenceellesimultaneously with the
“performance objective” and, thus, lets the congmari and identification of results or
achievements towards governments should directr thefforts of formulation,
implementation and evaluation of policies in eaabec

Once performance levels of each subindicator haea levaluated, through a non-lineal
aggregation model, the value of each component Mt R determined (IDEA 2005;
Cardona 2005). The value of each composed elemmdrgtwveen 0 and 100, where O is the
minimum performance level and 100 is the maximuwelleTotal RMI is the average of the
four composed indicators that admit each publiacgolWhen value of RMI is high,

performance of risk management in the country ttebe

4.3.1 |Institutional framework **

Belize is involved in several regional disasterigaition initiatives. The country makes part
of the Caribbean Disaster Emergency Response Ag&iizRA) that was established in
1991. Besides, the country has been financed sif®d by the European Community
Humanitarian Office (ECHO) to invest in preventiomitigation and preparedness
operations. In 2002, the Caribbean Community Clkm@hange Centre (CCCCC) was
established and its goal is to coordinate regiogsghonses to manage climate change.

On the other hand, additional to the regional paognes and approaches, the
Government of Belize has established organizatant initiatives. In 1999 the National
Emergency Management Organization (NEMO) was dastaddl in response to the
devastation left by Hurricane Mitch in 1998. Itsaohe is to preserve life and property and
to mitigate the negative impacts of an event. TeézB Red Cross Society that focuses in
promoting humanitarian values, disaster responsasidr preparedness and health and
community care.

1T www.etudescaribeennes.revues.org



Likewise, the country passed the Disaster Prepassdand Response Act of 2000, the
drafting of the National Hazard Mitigation Policy R003, the establishment of National
Building Standards, the Hurricane Rehabilitatiod &isaster Preparedness Project, and the

Hurricane Preparedness Project by the Belize Giggiage Works.

4.3.2 Indicators of risk identification

The identification of risk generally includes theeal to understand individual perceptions
and social representations and provide objectitimages. In order to intervene in risk it is
necessary to recognize its existéackemension it (measurement) and represent it bynsiea
of models, maps, indexes etc. that are signifidant society and decision makers.
Methodologically, it includes the evaluation of hets, the different aspects of
vulnerability when faced with these hazards andnegions as regards the occurrence of
possible consequences during a particular expdsnee The measurement of risk seen as a
basis for intervention is relevant when the popafatecognizes and understands that risk.

The indicators that represent risk identificatiB, are the following:

* RI1. Systematic disaster and loss inventory

* RI2. Hazard monitoring and forecasting

* RI3. Hazard evaluation and mapping

* RI4. Vulnerability and risk assessment

e RI5. Public information and community participation

* RI6. Training and education on risk management

4.3.3 Indicators of risk reduction

Risk management aims particularly to reduce rislgdneral, this requires the execution of
structural and non structural prevention-mitigatimeasures. It is the act of anticipating
with the aim of avoiding or diminishing the econansocial and environmental impact of

potentially dangerous physical phenomena. It ingpliplanning processes but,

fundamentally, the execution of measures that modKisting risk conditions through

2 That is to say, it has to be a problem for somedtisk may exist but not perceived in its real disiens by
individuals, decision makers and society in gendralmeasure or dimension risk in an appropriatarmmeais to make it
apparent and recognized, which in itself meansdbatething has to be done about it. Without adeqjidantification of
risk it is impossible to carry out anticipatory peative actions.



corrective and prospective interventions of exgtamd potential future vulnerability, and
hazard control when feasible. The indicators tlegarasent risk reduction, RR, are the
following:

* RRL1. Risk consideration in land use and urban hgnn

* RR2. Hydrological basin intervention and environtaéprotection

« RR3. Implementation of hazard-event control andgation techniques

* RRA4. Housing improvement and human settlementagtmtfrom prone-areas

* RR5. Updating and enforcement of safety standardsanstruction codes

* RR6. Reinforcement and retrofitting of public ant/gte assets

4.3.4 Indicators of disaster management
Disaster management should provide appropriateonsgpand recovery post disaster and
depends on the level of preparation of operatiomstitutions and the community. This
public policy searches to respond efficiently angprapriately when risk has been
materialized and it has not been possible to impgkedempact of dangerous phenomena.
Effectiveness implies organization, capacity anerapve planning of institutions and
other diverse actors involved in disasters. Thecatdrs that represent the capacity for
disaster management, DM, are the following:

« DML1. Organization and coordination of emergencyratens

« DM2. Emergency response planning and implementatiovarning systems

« DMS3. Endowment of equipments, tools and infrastret

» DMA4. Simulation, updating and test of inter inditnal response

e DM5. Community preparedness and training

» DMBG6. Rehabilitation and reconstruction planning

4.3.5 Indicators of governance and financial protection

Governance and financial protection is fundamefaakhe sustainability of development
and economic growth in a country. This implies,tbe one hand, coordination between
different social actors that necessarily are guitgddifferent disciplinary approaches,
values, interests and strategies. Effectivenessdased to the level of interdisciplinarity and

integration of institutional actions and socialtgapation. On the other hand, governance



depends on an adequate allocation and use of falalesources for the management and
implementation of appropriate strategies for theergon and transference of disaster
losses. The indicators that represent governandefiaancial protection, FP, are the

following:

« FP1. Interinstitutional, multisectoral and decdrtitag organization
» FP2. Reserve funds for institutional strengthening

* FP3. Budget allocation and mobilization

* FP4. Implementation of social safety nets and fuadponse

« FP5. Insurance coverage and loss transfer stratefjmublic assets.

» FP6. Housing and private sector insurance andueinse coverage

4.3.6 Estimation of the indicators
RMI results have been obtained from detailed swgvagde to experts and representatives
of different institutions related to risk managemdrnus, this index reflects performance of
risk management based on evaluations of academiéegsional and officials of the
country. Results for 1995, 2000, 2005 and 2010ai®@ving presented below.

Table 7 shows total RMI and its components, forheaeriod. These are risk
identification, RM|r, risk reduction, RMig, disaster management, Riy} and

governance and financial protection, RMI

Table 7. RMI values

1990 1995 2000 2005 2010
RMI 31.08 31.08 36.40 36.40 36.40
RMI g 12.93 12.93 28.89 28.89 28.89
RMI gr 30.22 30.22 30.22 30.22 30.22
RMI pm 50.08 50.08 50.08 50.08 50.08
RMI p - - - - -

Source: Author’s data

Figure 11 shows the qualification of subindicatotisat composed RM]J and its respective

weights, obtained using Analytic Hierarchy ProdgddP).

13 Qualification is linguistic and it does not useidefl numbers. In meanings in the tables ardow; 2: incipient, 3:
significant,4: outstandingand 5:optimal



Management related to risk identification has ahblet progress from 1995 to 2000 and it
is due to the improvement of level from incipiemtsignificant of the indicator of systematic
disaster and loss inventory. The other indicatereain the same performance level. Risk
management related to risk identification doespresent any change during the last three

periods due to there is not any improvement sifé® 2f any of the indicators.

Figure 10. RMIg,
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Figure 12 shows the qualification of subindicatthet composed RMk and its
respective weights, obtained using Analytic HiehgrBrocess (AHP).

Figure 11. RMIgg
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Management related to risk reduction indicates thatcountry has not had progress
during the years of evaluation. The level of thHaltondex is low and it is necessary to have
efficient actions to improve the performance of tlek management in relation with the
risk reduction.

Figure 13 shows subindicators qualifications whicbmposed RMIDM and its
respective weights, obtained using Analytic HielhgrBrocess (AHP).

Figure 12. RMIppm
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Management related to disaster management indi¢hédsthe country has not had
progress during the years of evaluation. The lefghe total index is medium and it is
necessary to have efficient actions to improvepédormance of the risk management in
relation with the disaster management. Nevertheiéss important to point out that the
indicator of simulation, updating and test of intestitutional response (DM4) presents the
higher level of performance since 1990.

Management related to financial protection and guamece did not have any
qualification for Belize. Reason why the evaluatairthe total RMI was made based only
in the indicators of risk identification, risk rection and disaster management.

Figure 14 shows the total RMI value obtained frdme taverage of the component
indicators and its aggregated version with the abje of illustrating their contributions.



Figure 13. Total RMI
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In the RMI graphics is possible to observe thaastisr risk management, in general,
has a slight advance since 1995 to 2000. The itatkanaintain the same performance
level during the years of evaluation with exceptodthe RMIRI that present a progress for
2000. The RMIDM is the public policy that has prasel the greatest performance level in
comparison the other public policies. Neverthelassl, in comparison with other countries
of Latin-America and the Caribbean, Belize has dioma risk management qualification.
This implies there is still so much work to do irder to achieve sustainability in risk
management in high performance levels.

Table 8 presents, in a more illustrative form, thanges of the performance levels of
the indicators that composed the aspects of thegolicies related with risk management,
between the first and the last period.

In summary, the table shows that during the petf@@b-2008 there were not important
advances in risk management in Belize. The indidhtat greatest improvements presented
was the risk identification (RI) with the best pregs in systematic disaster and loss
inventory (RI1), and no other indicator presentadadvance. The indicators related with
risk reduction and disaster management did noteptegny evolution during the years of

evaluation.



Table 8. Differences between first and last periotbr RMI subindicators functions
performance

Values of performance functions of the subindicatas

RL.1 | 17 |RR1 | 5 |DM1 | 45 | FP1 | -
R.2 | 17 | RR2 | 5 | DM2 | 45 | FP2 | -
RL.3 | 17 |RR3 | 5 | DM3 | 45 | FP3 | -
R4 | 17 | RR4| 5 | DM4 | 93 | FP4 | -
1990
RIL5 | 17 | RR5 | 45 | DMS5 | 45 | FP5 | -
RI6 | 5 | RR6 | 17 | DM6 | 17 | FP6 | -
RMI g | 12.93| RMI gg | 30.22| RMI py | 50.08) RMI gp | -
RMI 31.08
RL1 | 45 | RR1| 5 |DM1 | 45 | FP1 | -
RI.2 | 17 | RR2 | 5 |DM2 | 45 | Fp2 | -
RI3 | 17 | RR3| 5 |DM3 | 45 | FP.3 | -
2010 R4 | 17 | RR4| 5 |DM4 | 93 | FP4 | -
RI5 | 17 | RR5 | 45 | DM5 | 45 | FP5 | -
RI.6 5 | RR6 | 17 | DM6 | 17 | FP6 | -
RMI g, | 2889 IGRgg | 30.22| RMI py | 50.08) RMI ¢p | -
RMI 36.40
RL1 | 28 | RR1| 0 |[DM1| o | FP1 | -
RI.2 0 |RR2| 0 |[DM2| 0o | FP2 | -
RI.3 0 | RR3| 0 |[DM3 | 0 | FP.3 | -
Change RIl.4 0 | RR4| 0 |[DM4 | o | FP4 | -
RI5 0 | RR5| 0 |DM5 | 0 | FP5 | -
RI.6 0O |RR6| 0 |[DM6 | 0 | FP6 | -
RMIg | 15.96| IGRrRr | O |[RMipy| O |RMigp| -
RMI 5.32

Source: Author’s data



5 CONCLUSIONS

DDI illustrates economic implications of a greasaliter, estimated with base in the
potential of feasible extreme events; PVI accotmtsusceptibility and aggravation factors
of the direct effects of the disasters due to dafides in development; and RMI points out
what has been achieved and what is intended tordonproving risk management. And in
the case of RMI the country has not presented fetatlvances during the periods of
evaluation.

In the case of Belize, the Local Disaster Index|,ltDat captures the relevance of small
and moderate local disasters, was not calculated tduthe lack of availability of the
DeslInventar database at the time of the indicassessment and the development of this
project report. This indicator should be evaluatethe next future due to its relevance and
in order to have a complete picture of the coustrnisk conditions using the complete set
of indicators.

From these results it is possible to have as csimwis that in Belize there was an
increase of DDI from 2000 to 2008. The PVI is frd®85 basically the same but with a
slight reduction.

Making the comparison of trends in indicators ipassible to conclude that the system
of indicators presents results generally consistanappropriate to the reality of the
country. In any case, it is important to disaggteghese indicators and identify areas
where improvements can be made through actionggqtsoand specific activities that can
make the central government with the participatioh different sectoral agencies,
municipalities and communities, and, thus, achievefurther progress and greater
sustainability. Decision makers and stakeholdersides identifying weaknesses indicators
must take into account other characteristics tihatret revealed or expressed with the
evaluation obtained. Indicators provide a situatloanalysis from which it is possible to
extract a set of actions that must be done witkietgils for a strategic plan, which should
be the next step. The aim of the indicator systsmhelping to formulate general

recommendations for planning.
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APPENDIX |

NATURAL HAZARDS OF THE COUNTRY

Al.1 SEISMIC HAZARD

Central America is an ample region of tectonicratéon, in which the Caribbean, North

American, Cocos and Nazca plates interact. Mosthef territory is located on the

Caribbean plate. To the north, in Guatemala, th@diuctory interaction of the Caribbean
and North American plates is transcurrent, genggat lateral dip fault zone, with a

capacity to generate highly destructive earthquaké®mse principal characteristic is the
Chizoy-Polochic and Motagua systems. To the somttCosta Rica, there is the "triple

point” or zone of convergence of the Cocos, Caabband Nasca plates in the region of
Golfo Dulce, and the deformed belts of the nortti south of Panama.

The territory of Belize stands on the North Amenmigalate. The principal tectonic
characteristics provide a hazard to that countiy whe interaction of the Caribbean and
North American plates, which is transcurrent, withportant fault systems such as
Motagua in Guatemala and the Walton undersea tatifte southeast of the country, which
may generate high-magnitude earthquakes (7+). Thdustion zone, or Mesoamerican
trench, does not represent an important seismiccedor Belize, since it is some 400 km

to the west of the country.

Important historical events

The following are some of the principal seismic regewhich have affected Belize. The
information was obtained mainly from the US GeatagjiSurvey, and from seismic records
from other countries, recording events also feBatize.

All the earthquakes presented below events whicktinaffected the territory of other

countries, but due to their magnitude and intensire felt and recorded in Belize.

February 4th, 1976



The epicentre was at coordinates 15.32° north &ntl°8vest, at a depth of 5 km and a

magnitude of 7.5 mb Gs.

August 20th, 1977
The epicentre was at 16.7° north and 86.61° west,depth of 36 km and a magnitude of
6.1 UKPAS.

August 9th, 1980

The epicentre was 15.9% North and 88.52° West,dspsh of 22 km, and a magnitude of
6.7 UKBRK.

September 18th, 1991

The epicentre was at 14.65° north and 90.99° wktth of 5 km and a magnitude of
6.2MwHRV

July de 1997
The epicentre was at 16.16° north and 87.92° waspth of 33 km, magnitude of
6.1MwGS

May 28th, 2009
310 km north-west of Tegucigalpa, Honduras, at ptidef 10 km and a magnitude of

7.3Mw. Belize suffered power cuts and severe danm@ageusing.



Al.1 HYDROMETEOROLOGICAL HAZARDS

Belize's Caribbean coast is a temp is a territodyicty has been much affected by
hurricane.In 1961 a hurricane completely destrayedthen-capital, Belize City, obliging
survivors to move to the centre of the countrywioat is now the capital of Belize,
Belmopan.

Below we present the information on hurricanes wHiave had the most impact on

Belize territory since 1960, in the Atlantic huare seasons.

Hurricane Hattie (1961)

Image of the track of hurricane Hattie

Hurricane Hattie-Simone forms part of the hurricaeason in the Atlantic from 1961.1t
was a Category 5 hurricane on the Saffir-Simpsates@and it affected Belize, Honduras
and Guatemala. The hurricane developed, and afféCéntral America between October
27 and November 1, 1961. Winds of up to 300 km aur land pressures of 92kPa were
recorded.

In its track across Central America, it is estidatbat it caused 319 deaths, and
damage of US$440,000,000, at present value. Itsagasover Belize City caused the
destruction of 75% of its houses and shops.



Hurricane Fifi (1974)

Image of the track of hurricane Fifi

Hurricane Fifi belongs to the 1974 Atlantic Oceamrltane season. It crossed the
Atlantic as hurricane Fifi, and reached the Pacifibere it was renamed hurricane Orlene.
Hurricane Fifi-Orlene developed between SeptemBearid 22, 1974, from a tropical wave
in the Caribbean. It struck Belize territory on epber 19 as a Category 2 hurricane, on
the Saffir-Simpson scale, with sustained winds#d kph, and pressures of 970 mb.

Hurricane Fifi cause damage totalling US$900,000,JSD-1974), in Central
America, that is, US$4,000 million in present vallee event was catalogued as the 4th
most deadly in history, with 8,000-10,000 fataktie



Hurricane Hermine (1980)
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Satellite image of hurricane Hermine

Image of the track of hurricane Hermine

Hermine belongs to the 1980 Atlantic Ocean hurgcaeason, and it developed on
September 20-25, 1980, from a tropical wave corfrioigp Africa.

On September 22, it touched the mainland in Beliik sustained winds of 110 kph and a
minimum pressures of 990 mb. It is estimated thette were major floods in Honduras and

Belize, but there are no records of damage estenate



Hurricane Keith (2000)

Image of the track of hurricane Keith

Hurricane Keith belongs to the 2000 Atlantic Ocdanricane season. It developed
between September 28 and October 6, 2000, withmanri sustained winds of 193 kph
(Category 4 on the Saffiir-Simpson scale) and murnmpressures of 941 mb.

Hurricane Keith touched land in Belize on Octoberwhere it weakened down to
Category 1. It is estimated that the total damagesed by hurricane Keith in Belize was
US$225,000,000 (US$-2000)

Hurricane Iris (2001)
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Satellite image of hurricane iris



Hurricane Iris belongs to the 2001 Atlantic Oceanricane season. It developed
between October 4-9, 2001, with Category 4 on ta#irSSimpson scale and sustained
winds stronger than 230 kph.

In Belize, it arrived at Monkey River Town on Oc&t®. 23 people reportedly died, 20
of them on the coast. The damage caused by huericemin Belize totaled an estimated
US$66.2 million (US$-2001).

Although quantitative information is quite limitedn a few cases only, there are data
of milliliters of water, records obtained descriltbée zones involved and the infrastructure
affected. Most of the phenomena with considerabipact in the zone are related to
Hurricanes which have passed through Central Aragdold fronts (polarthrust), tropical
waterway waves, convective and orographic processessynoptic position of the inter-
tropical convergence zone, and episodes of El Na@idliia/ENOS.

There follows information on some of the most intpot storms which have affected
Belize between 1900 and 2009. The information vek®rt from the emergency events
database (EM-DAT) website:

1931 The storm occurred on September 10, leaving estiindamage of US$7.5 million,
and an estimated 1,500 fatalities

1961The storm occurred on October 30, leaving damagmated at US$60,000,000, with
an estimated 275 fatalities.

1974 The storm occurred on September 2, leaving damdgeS$4,000,000, and an
estimated 70,000 persons affected.

2000The storm occurred on September 30, leaving matasimage of US$277.5 million,
with 14 fatalities, and 62,570 persons directleatféd.

2001 The storm occurred on October 8, leaving mateaahage of US$250 million. There

were 30 fatalities, and 20,000 people were affected



Al.3.1 HAZARD OF FLOODING

The catalogue of floods for Belize has six eventtotal reported between 1979 and 2008.
As there are few records of flooding, an averadaevaf events per year as a functional

duration could not be obtained. Figure shows thaber of floods recorded by district.
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Number of floods by district in Belize

The following is information about the most impatdloods which have occurred in
Belize between 1900 and 2009. The information vek®rt from the emergency events
database (EM DAT).
1979December, with approximately 17,000 affected

19950ctober, with 2,600 directly affected direct ecamoloss over 0.5 million dollars.

2008 October 19, 2008, with 1 death, 38,000 affected] BIS$9.7 million in material
losses



