CARIBBEAN CATASTROPHE RISK INSURANCE FACILITY

gl ‘ J 7 :
BIRTN . :
» s - urneffe
slands
Yy ’
B E l I l E ¢ PR

BELIZEQS &

.
)
‘e
.
.
A pig

f:'lonkoy
A /Q River Town
().\.\y»
Q/A.' i Gulf of
Punta Gorda Honduras
Bahiode [~
(Eage &}\_ . o

Puerlo Corlés >

COUNTRY RISK PROFILE




Country Risk Profile| Belize

-

Published by:

Caribbean Catastrophe Risk Insurance Facility

c/o Sagicor Insurance Managjé&tleot Harbour Place,
103 South Church Siréebrge Town, K811@,
Grand Caymabayman Islands.

CCRIFaNot-For-Profit Company, is the First and Only
Multi -Country Risk Pool in the World




Country RiskProfile
Belize

CCRIF is a risk pooling facility, owned, operated and registered in tf
for Caribbean governments. It is designed to limit the financial
catastrophic hurricanes and earthquakes to Caribbean governmer
providng hort term | iquidity when a
to date, only regional fund utilising parametric insurance, giving
governments the unique opportunity to purchase earthquake ar
catastrophe coverage withdipossible pricing. CCRIF represents a p.
shift in the way governments treat risk, with Caribbean government:
way in prelisaster planning. CCRIF was developed through funding
Japanese Government, and was capitalisecbtitrdnigions to a nudénor
Trust Fund by the Government of Canada, the European Union, the
the governments of the UK and France, the Caribbean Development
governments of Ireland and Bermuda, as well as through memduierly
participating governments.

Sixteen governments are currently members of CCRIF. These a
Antigua & Barbuda, Bahamas, Barbados, Belize, Bermuda, Ca)
Dominica, Grenada, Haiti, Jamaica, St. Kitts & Nevis, St. Lucia,&sthd/
Grenadines, Trinidad & Tobago and Turks & Caicos Islands
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INTRODUCTION

This document provides an outline of the earthquake and tropical cyclone risk
profile for Belize.lt is aimed at providing decision makers with a clear picture of the
key risks which the country faces in order to guide national catastrophe risk
managementand inform decision making for both risk reduction and risk transfer
(via CCRIF coverage and other mechanisms which may be available).

This country risk profile also serves as a platform for the provision of more detailed
information on the CCRIRMulti-Peril Risk Evaluation System (MPRES)atastrophe
risk modelling platform which has been used to underpin CCRIF policies since the
2010/11 policy year and which is available as a regional publigood resource for
research and practical application. The MPRE®&as developed and is supported by
Kinetic Analysis Corporation KAQ, a bespoke risk modelling company with strong
roots in the Caribbean.

Since the previous release of the country risk profiles, updates have been completed
on the MPRES platform resultingin differences in output for the current year
relative to the prior version released in early2012. In addition, CCRIF has launched
the GeoNode project, which will allow countries to access the geospatial data which
underpins this risk profile, and enablegeospatial data management and sharing
within a collaborative context.

Section 1 provides some background information on the MPRES, as well as
information on the risk modelling methodology, facility loss model and asset
vulnerability.

Section 2 gives a general overview of Caribbean exposure to earthquake and
tropical cyclone hazards.

Section 3 provides country-specific earthquake and tropical cyclone (wind) hazard
profiles, as well as full country economic loss information.

Annex 1 provides alist of useful reference documents

Annex 2 provides an explanation of the SaffirSimpson Hurricane Intensity Scale.




Annex 3 provides an explanation of the Maximum Modified Mercalli Intensity
(MMI) and Richter Magnitude scales for earthquakes.

Annex 4 provides an overview of changes in the CCRIF MPRES platform/analysis

between version 1 (2012 Country Risk Profile) and the current version 2.
Annex 5 provides an overview of GeoNode.

Annex 6 provides a glossary of technical terms used in this document.
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SECTION.:
BACKGROUNINFORMATION

1.1 Rationale for Developmentand s e of C®eRond 6 s
Generation Modelling Platform

CCRIF has been utilisinghe Multi-Peril Risk Evaluation System (MPRES$)latform
to underpin policies since the 2010/11 policy year andntends to continue to do so
into the future. With this platform, the Facility is better able to meet the catastrophe
insurance needs of its members, offer additional products beyond tropical cyclone
and earthquake coverage, expand beyond the present numb of clients, and
provide a catastrophe risk modelling platform for the regional public good.

The MPRES can handle multiple hazards and hazard assessment methodologies, can
accommodate a variety of input/output formats and detailed exposure
classifications, and produces accurate loss estimates with known statistical
uncertainty.

Benefits of the MPRES platform include a reduction in the basis risk inherent in the
loss indexing approach used in the first generation CCRIF model. It also provides a
globally consistent platform that is scalable, and makes possible the use of multiple
methodologies based on public domain research results and data rather than
proprietary information. In addition, it uses open standards for inputs and outputs,
and enables incorpoation of results in a wide range of platforms in a transparent
xAuUs8 4EA OOA 1T &£ OEA -02%3 OODPDI OO0 ##:
environment to assist Caribbean institutions such as the University of the West
Indies (UWI) in developing a regional haard and risk assessment and mapping
capability in support of improved natural hazard risk management in the region.

10 AT AAAAA AAT AZEOh OEA -02%3 OOEI EOAO
RealTime Forecasting System (RTFS). The RTFS, which iada available to all
CCRIF members and many regional institutions and other catastrophe risk

i ATACAT AT O OOAEAET T AAROOh EO AAOGECT AA Oi
and risks associated with a tropical cyclone based on US National Hurricane Cente
(NHC) forecasts. Through the provision of forecast hazard footprint maps and site

) ¢




specific hazard and impact data, preparedness and response mechanss within
CCRIF member states arenhanced.

1.2 Risk Modelling Methodology

This section presents theKAC hazard and loss estimation methodology, first as a
generic modelling framework and then as specifically applied in the CCRIF
modelling platform.

Modelling Specific Events

The hazard and loss modelling process includes the following generic stages (see
Figure 1.1).

Key
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Hazard - Hazard
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Figure 1.1 Hazard andlossmodelling genericframework

1. Hazard AssessmentUsing characteristics for a specific event (historical, active
or hypothetical), apply numerical modelling to estimate the resulting hazard
forces at all locations of interest affected by the event. Hazard maps or GIS data
can be produced from the hazat assessment results to show the extent and &
severity of the hazards generated by the modelled event(s). The specific hazaro%
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models used in the MPRES for tropical storm and seismic event modelling are
described below.

2. Damage and Vulnerability Modellingg Using damage functions appropriate to
each class of assets included in the analysis, calculate the extent of damage from
the site-specific hazard forces from the event (based on model estimates) to each
element in the exposure database.

3. Loss Estimation - Calculate the event losses by applying the locatiemnd asset
classspecific damage assessments to the asset valuations for each individual
element in the exposure database. The MPRES calculates losses for each
individual asset in the exposure databas using damage functions specific to the
asset class and the specific hazard levels at the asset site. Aggregate loss
estimates can be produced for specific geographic areas (e.g., a country or
smaller administrative area) or specific asset classes by sumanising expected
losses for individual exposures by location or class.

4. Portfolio Loss Calculation Using an insurance model and specific contract terms,
translate exposure loss estimates into loss estimates for a portfolio of assets
across multiple courtries. For each policy, payout estimates are determined by
the terms of the insurance contract and the expected losses for the assets
covered by the insurance contract.

Hazard and Loss Probability Analysis

Using hazard and loss assessment results fromlarge number of known events,
KACproduces hazard severities across an evenly distributed grid and loss estimates

for a specified exposure set for a wide range of event probabilities. Hazard and risk
profiles and probabilistic hazard maps are derived fronthis information. KACalso

CAT AOAOGAOG 060601 AEAOGOEAS AAOAAAOGAOG T £ EAU
more uncertain, view of hazard frequency and severity than the historical record
alone.

The overall approach described below applies to tropical storanelated and seismic
hazards (as well as other hazards). For estimating current loss probabilities,
databases of current exposures are used, as we are interested in potential current
losses fromthe event, rather than replicating the specific losses experienced at the
time of the event.

A O
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KACuses the following steps to produce loss probability estimates (see Figure 1.2):

1. Model every event in the historical record or the stochastic databaker each
event, KACapplies the selected hazard and damage function modules to generate
hazard and loss estimates from the event. The evespecific peak hazard and
total loss estimate is recorded for each grid cell. It is important that the
modelling directly generates the parameters of interest in the overall analysis.
For instance, if the objective is to estimate loss probabilities for a portfolio,
portfolio losses are recorded for each hazard event in the catalogue; due to the
non-linear relationship between hazard values and losses, it is not valid to
estimate loss probabilities from a fitted hazard probability curve.

2. Fit a probability distribution to the raw modelled loss resuitEitting distributions
to event losses allowKACto estimate losses forevents that have not occurred in
the historical record, including extreme events. The probability distribution
captures the stochastic nature of the loss levels of historical eventKAC has
found that the 2-parameter Weibull distribution generally provides the best fit
over a wide range of scenarios. If a stochastic event database is used then fitting
of a probability distribution may not be required.

3. Simulate future events by sampling from the territespecific loss curves (guided
by historic frequencies and probabilities) for a large number of simulated event
years- This analysis integrates the separate probabilities of 1) the occurrence of
an event, 2) the probability of a specific territory being affected by the event, and
3) the probability and level of loss for affected territories. Historic event
frequency and territory impact probability tables are used to maintain
consistency with historic patterns when carrying out this simulation. Simulating
a large number of years (for instance, onaillion years) ensures consistency in
the loss estimates produced from this analysis. Again, if a stochastic event
database is usegthen this simulation process may not be required.

4. Create loss probability estimatesThe final loss probabilities are created directly
from the simulation results (or the raw stochastic event results) by sorting the
individual loss estimates by their frequency of occurrence.

Country Risk Profil¢ Belize
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Figure 1.2: Loss probability aalysis

1.3 Policy Pricing, Portfolio Analysis and Realtime Loss
Calculation

The objective of the loss modelling approach is to equip the CCRIF with the capacity

to estimate loss probabilities for individual territories, price contracts for specific
territories, and estimate site-specific hazard levels and losses for specific events
during the contract period. Giventhese and otheroperational needs of CCRIF,AC
implements the modelling framework described above in two phases: 1) historical
analysis using+ ! # @uSter computing fecilities and 2) active event analysis in a
standAT T T A O £#O0x AOA DPAAEACA xEEAE AA1l OOE
(and is installed at offices of the CCRIF Facility Supervisor and Policy Verification
Agent).

For full compatibility, both parts are implemented using the exact same hazard and
loss modelling code base. Key strengths of this approach are that it:

1 Is built upon a strong, validated hazard modelling base

1 Uses the same techniques and code for both historical hazard assessment and
lossmodelling as well as reaitime event modelling and payout calculation

1 Is implemented using open modelling techniques from the published
scientific literature;

1 Is highly scalable and has been applied at a wide range of modelling
resolutions; and

M



1 Is implemented on a geographic base, enabling generation of results in
mapping formats.

Generating Losses for Pricing and Portfolio Analysis

Full Historical Analysis

1. Model every event in thanput catalogue, using current exposures and the
selected hazard and damage function modules.

2. Create longterm loss event sets for each peilor both earthquake and tropical
cyclone events, a synthetic loss event set is generated, and applied as described
below.

a. Tropical Cyclone Returmaperiod Analysis: For assessment of tropical
cyclone hazards and losses, KAC generates a 1,8@ar synthetic
Atlantic tropical cyclone track event set based on the overall
characteristics of the historical record. For each event in bothhe
historical Atlantic event set and the synthetic tropical cyclone event
catalogue, KAC simulates the event to generate hazard footprints and
loss estimates for CCRIF territories. Final, lontgrm, territory -specific
loss curves are generated for the tertory -specific losses from both the
historical event simulations and the synthetic loss event catalogue. In
both cases, the loss curves were generated directly from the sorted
empirical losses in the loss catalogues. CCRIF utilises the loss curves
from the synthetic event set as a basis for its pricing of policies, and
those results are presented here (in Section 3); the full historical event
set is used for comparative and benchmarking purposes and to provide
asif hazard and loss outputs for historical eents (as presented in
Section 3.)

b. Seismic Returmperiod Analysis:KAC has developed a model that uses
historic earthquake event information from the USGS, and best
practice techniques of probabilistic earthquake hazard and risk
mapping, to create a synthat catalogue with 10,000 years of :
earthquake events (magnitude, hypocentral location and moment
tensor information.) This is necessary as the historical record is
insufficiently rich to enable probabilistic hazard and risk assessment.
KAC also run a catalgue of historical events provided by CCRIF for -

—

comparative and benchmarking purposes. The process of loss curve§
@)
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generation then follows the same schema as described above for
tropical cyclones.

3. Generate loss probability curves from the results in the ldegn loss event sit
Given a known number of event years in the loss event set, annual aggregate loss
probability curves were derived directly from the discrete, empirical loss set.

Pricing and Portfolio Analysis

The loss event setlerived from the synthetic catalogue for each of the two perils
used by CCRIF to generate a national loss profile, against which possible policy
conditions are applied to provide the basis for pricing of policies and to provide
governments with options for different coverage characteristics. This is undertaken
as follows:

1. Create government loss and payout probability tabfiesn the event set through
applying policy conditions to eachnational loss, including an initial scaling factor
to provide anindE AAOEOA OCI OAOT T AT O 110068 A&OI I
2. Complete portfolio analysighrough application of final policy conditions for each
territory into CCRIFlevel payout probability.

Loss Calculation Model Methodology

In order to price country insurance contracts and estimate sitespecific hazard
levels and national losses for specific events either historical or active events,
CCRIF maintains its own version of the MPRES which replicates many of the
functions of the full modelling platform described above. This enables CCRIF to run
earthquake and tropical cyclone events as soon as event input information becomes
available from the relevant reporting agency. The CCRIF software then runs the
MPRES model for a reaime event using exactly the sane methodology as was used
in running each historical or stochastic event as described above. This ensures full
compatibility between probabilistic loss results used for policy pricing and reatime
loss results used for calculation of payouts.




~

Reaktime Event Trigger Calculation

&1 O OO1 PEAAT AUAITTAOh AOGAT O ET &£ Oi AGEI
Automated Tropical Cyclone Forecasting System, is used to run a tropical cyclone
event hazard simulation that generates hazard estimates for the storrlsing these
results, damage and loss estimates are produced for the CCRIF exposures. The exact
same methodology used in calculating historical hazards and losses from synthetic
catalogue events is used to calculate hazard, damage and loss from an evental

time.

For earthquake events, event information from the USGS is used to run a seismic
hazard simulation to generate ground motion hazard estimates for the seismic
event. Using these results, damage and loss estimates are produced for the CCRIF
exposures.

Territory -specific event loss estimates from the singlevent hazard and loss
simulations are converted to CCRIF policy and portfolio loss estimates by applying
the government loss and the territory policy limits and adjustments.

1.4 Asset Vulnerability

Asset vulnerability is defined as the degree to which an asset may be damaged when
subjected to the hazard forces exerted by the peril. The hazards considered here are
wind and storm surge for the tropical cyclone peril, and ground shaking for the
earthquake peril.

Using appropriate damage functions, the loss model computes the damage to each
exposure class as a function of the hazard level impacting that class, and estimates
the resulting loss based on the value of that class. The loss modelling can produce
multiple metrics, including: a mean loss ratio (MLR) for a class of assetsq
(representing the ratio of repair/replacement cost to the total value of the asset
class), and a total loss in value by asset class.

Damage Functions

Damage functions translate the peak Imard level at the site into the likely damage
level to the structure.

Country Risk Profilg Beli
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Wind Hazard

Eight separate damage function families are used, for assessment of losses for both
historical and reaktime events. Individual functions within a family are defined by
the particular configuration of parameters that best fit the structural characteristics

of the exposure class.

The following damage function families were used in the CCRIF analysis:

1 Australian? Leicester and Beresford (1978)

Clemson, claims basis Rosowskyet al (1999)

Clemson, engineering basts Sill et al (1997)

Foremost Ins Co (1976)

Friedman (1984)

FCHLPM ProTeam Florida Commission on Hurricane Loss Projection
Methodology (2002)

1 Stubbs (1996)

1 X3 Howard et al (1972)

= =4 =4 4

The parameters used in these damagéunction curves are based on published
literature. Further information about these damage functions is available in Watson
and Johnson (2004).

Storm Surge Hazard

The flood damage from static and moving waters is computed using an adaptation of
the simple two-dimensional flood model and flood damage curves developed by the
US Federal Emergency Management Agency (FEMA) for the HAZWS model.

Seismic Ground Mtion

Seismic damage functions developed by the Global Earthquake Safety Initiative
(GESI) or standard building types are used to calculate damage from seismic
ground motion (GeoHazards International, 2001). Construction types in areas of
lower Gross Domestic Product Per Capita (GIPE) are mapped to less resilient asset

categories.




SECTIOR:
REGIONAIHAZAROPROFILE

2.1 Introduction

The Caribbean faces a number of primary natural hazard risks, particularly
earthquake and hurricane risks, and to a lesser extent volcanic risks in certain areas.
The region also faces secondary risks from flooding and landslides, storm surge and
wave impacts, and tsunamis.

2.2 Earthquake Hazards

As shown in Figure 2.1, most of the Caribbean countries lie close to the boundary of
the Caribbean Plate, making most of the region susceptible ttamaging levels of
earthquake shaking. Figure 2.2 shows the epictal location of earthquakes of
magnitude 6.0 and above occurring in the region since 1530, while Figure 2.3 shows
a small selection of shaking footprints for the major historical earthquakes affecting
the region.

Country Risk Profil¢ Belize




Country Risk Profile| Belize

-

Bermuda
v

S

e
. !
W \ i

o
A

o
AN
\
\
N

n

D Caribbean Plate
Major Faults

Islands

-

o

},N‘\T 3 ‘;_

2R
SRR

W

N

680 1,360 2,040 2,720
T

Kilometres

Figure 2.1: CaribbeanPlate andregional faults Source: USGS.
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Figure 2.2: Earthquakes of magnitude 6.0 or greater since 1530urces. Pan-American
Institute of Geography and History (PAIGH) and USGS
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Figure 2.3: Major historical earthquakes in the regiorsource: hypocentréocations from :
Pan-American Institute of Geography and History (PAIGH), shaking intensity from MPRES
model.




