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About CCRIF

he Caribbean Catastrophe Risk Insurance Facility (CCRIF) is the first multi-country risk
I pool in the world, and is also the first insurance instrument to successfully develop
parametric policies backed by both traditional and capital markets. It is a regional
catastrophe fund for Caribbean governments designed to limitthe financial impact of devastating
hurricanes and earthquakes by quickly providing financial liquidity when a policy is triggered.
CCRIF was developed through funding from the Japanese Government, and was capitalised
through contributions to a multi-donor Trust Fund by the Government of Canada, the European
Union, the World Bank, the governments of the UK and France, the Caribbean Development
Bank and the governments of Ireland and Bermuda, as well as through membership fees paid
by participating governments.

Sixteen governments are currently members of the Facility: Anguilla, Antigua & Barbuda,
Bahamas, Barbados, Belize, Bermuda, Cayman Islands, Dominica, Grenada, Haiti, Jamaica, St.
Kitts & Nevis, St. Lucia, St. Vincent & the Grenadines, Trinidad & Tobago and Turks & Caicos
Islands.

CCRIF therefore helps to mitigate the short-term cash flow problems small developing economies
suffer after major natural disasters. A critical challenge is often the need for short-term liquidity
to maintain essential government services until additional resources become available. CCRIF
represents a cost-effective way to pre-finance short-term liquidity to begin recovery efforts for
an individual government after a catastrophic event, thereby filling the gap between immediate
response aid and long-term redevelopment.

Since the inception of CCRIF in 2007, the Facility has made eight payouts totalling US$32,179,470
to seven member governments. All payouts were transferred to the respective governments
less than a month (and in some cases within a week) after each event. These payouts are shown
in the table below.

Country Affected Payouts (US$)
Earthquake, 29 November, 2007 Dominica 528,021
Earthquake, 29 November, 2007 Saint Lucia 418,976
Tropical Cyclone lke, September 2008 Turks and Caicos Islands 6,303,913
Earthquake, 12 January, 2010 Haiti 7,753,579
Tropical Cyclone Earl, August 2010 Anguilla 4,282,733
Tropical Cyclone Tomas, October 2010 Barbados 8,560,247
Tropical Cyclone Tomas, October 2010 Saint Lucia 3,241,613
Tropical Cyclone Tomas, October 2010 St. Vincent & the Grenadines 1,090,388

Total for the Period 2007 - 2010 US$32,179,470



Introduction

It is well known that Caribbean countries are vulnerable to hurricanes and storms — the impacts
of which are likely to be exacerbated by climate change. In the last three decades, the
Caribbean region has suffered direct and indirect losses estimated at US$700 million and
USS$3.3 billion respectively owing to natural disasters associated with extreme weather events.
Significantly, two economic sectors of critical importance to the Caribbean — tourism and
agriculture — will be heavily impacted by climate change in the years to come. However,
estimating the potential economic consequences of the impacts of climate change on
Caribbean countries is difficult, due to varying global climate change scenarios, limited
geographical projections for the region, and an inadequate inventory of vulnerable assets and
resources in these economies.

Caribbean leaders and decision makers have recognised the need for sound quantitative data to
support the development of national climate adaptation strategies, plans and programmes. To
facilitate this, the Caribbean Catastrophe Risk Insurance Facility (CCRIF) launched a study for
the Caribbean region in February 2010 to create a knowledge base which would provide
valuable information to decision makers about the optimal use of limited resources for
adaptation.

The Economics of Climate Adaptation Study

This Economics of Climate Adaptation (ECA) study provides a sound economic fact base that
countries can use to further develop their national climate adaptation and disaster
management strategies to increase resilience against climate hazards. It was conducted by
CCRIF, with Caribbean Risk Managers acting on behalf of the Facility, and supported by regional
partners, the Caribbean Community Climate Change Centre, the UN Economic Commission for
Latin America and the Caribbean and others. McKinsey & Company and Swiss Re provided
analytical support.

The study focuses on eight pilot countries — Anguilla, Antigua and Barbuda, Barbados, Bermuda,
the Cayman Islands, Dominica, Jamaica, and Saint Lucia — and is based on the Economics of
Climate Adaptation (ECA) methodology developed by the ECA Working Group®. The innovation
of this methodology lies in its incorporation of different knowledge arenas, including climate
science, the financial industry and economic research.

The analysis focuses on quantifying the potential impact of climate change on three relevant
natural hazards:

e Hurricane-induced wind damage

e Coastal flooding/storm surge

e Inland flooding due to both hurricanes and non-tropical systems

For each country, the study examines the impact of these key hazards on different economic
sectors such as infrastructure (including housing), tourism and travel, industry, and the service

! A consortium of public and private players including the Global Environment Facility (GEF), UNEP, Swiss Re, the
Rockefeller Foundation, Climate Works, Standard Chartered, McKinsey & Company, and the European Union.



sector.

Additionally, the study analyses the economic impact of climate change on the agriculture
sector for a few selected countries including detailed analyses for Belize and Jamaica, and
assesses the risk of salinisation of groundwater due to changes in rainfall patterns and rising sea
levels in Jamaica.

Based on these findings, the study prioritises areas and sectors at risk and provides clear inputs
for building an economically viable portfolio of adaptation initiatives designed to increase each
country’s resilience.

About this Booklet

This booklet provides a snapshot of some of the preliminary results of the Economics of Climate
Adaptation (ECA) study. In an easy-to-understand manner using graphs, maps and diagrams,
the booklet presents the following:

ECA methodology

e Preliminary results for three of the pilot countries: Bermuda, Jamaica and Saint Lucia

e Analysis of the agriculture sector in Belize

e (Case study focusing on salinisation in Jamaica

The booklet can be used by professionals in the disaster risk management arena to quickly
demonstrate the value of the ECA study to national and regional decision makers.

The results for all eight pilot countries can be found in a short publication entitled, Enhancing
the Climate Risk and Adaptation Fact Base for the Caribbean (Preliminary Results), available
on the CCRIF website at: www.ccrif.org/publications/enhancing-climate-risk-and-adaptation-
fact-base-caribbean.



The Methodology

The Economics of Climate Adaptation Methodology

A more detailed description of the ECA
methodology and its applications is
contained in the report published by the
ECA Working Group in 2009, which can be
downloaded from the following URL:

http://www.mckinsey.com/clientservice/S

ocial Sector/our practices/Economic_De

velopment/Knowledge Highlights/Econo

mics_of climate adaptation.aspx



http://www.mckinsey.com/clientservice/Social_Sector/our_practices/Economic_Development/Knowledge_Highlights/Economics_of_climate_adaptation.aspx
http://www.mckinsey.com/clientservice/Social_Sector/our_practices/Economic_Development/Knowledge_Highlights/Economics_of_climate_adaptation.aspx
http://www.mckinsey.com/clientservice/Social_Sector/our_practices/Economic_Development/Knowledge_Highlights/Economics_of_climate_adaptation.aspx
http://www.mckinsey.com/clientservice/Social_Sector/our_practices/Economic_Development/Knowledge_Highlights/Economics_of_climate_adaptation.aspx

The methodology

Economics of Climate Adaptation (1/5)
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The methodology

Economics of Climate Adaptation (2/5)

WHERE AND FROM WHAT ARE WE AT RISK?
1 We analyze four main hazards

@ Salinisation

storm surge

Wind
ot Coastal flooding/

Salinisation of ground-
water is modeled
separately

= Hazards modeled jointly
with CCRIF by Swiss Focus on flash
Re/McKinsey LA flooding induced by
= EXxisting hazard model of il - 3 torrential rains
CCRIF will be included = "oy 2 e associated with
into analysis e = %W hurricanes as well
4. as other tropical
weather systems

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 We use 4 modules to quantify expected losses for each scenario

' Scenario 2 Scenario 3 !
I }

Modules Description Calculation Output

Severity and frequency

Hazard

@ of hazard for different
.__climate change scenarios

: Expected

Value of assets, ~~--_ lo§s il
Value A el climate
module NCOmMes, an change
human elemepts

scenario

Vulnerability Vplnerability curves for
different assets based on
module :
hazard severity for

different climate The other posters
change scenarios refer to these steps in

the upper left-hand

corner of each slide




The methodology

Economics of Climate Adaptation (3/5)
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Sea level rise
(SLR)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Example for climate: we developed three scenarios — today’s climate,
G moderate change, and high change — for each local climate effect to 2030

Local effects of climate change

Sea surface
temperature (SST)

Air temperature
change

Precipitation
change

Scenarios
~ ~ ~ ~
Today’s 0 mm/yr Wind speeds Same as today Same as today
climate and hurricanes
same as today

Moderate 0 : o “

change 3 mm/yr, plus Wind speeds 0.3°C increase Decrease of 2
local uplift/ increase by 2- to 3%*
subsidence 3%

High . :

change 15 mm/yr, plus Wind speeds 0.4°C increase Decrease of 4
local uplift/ increase by ~5% to 6%*
subsidence

' * Varies by country. Also, although average annual precipitation is expected to decrease in most cases, the intensity|
| of extreme rainfall events — which drives inland flooding — may either increase or decrease
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North Atlantic
tropical cyclone
event set

= historic
~100 years

=== probabilistic
~10,000 years

| WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
¢ Example for hazard module: we use the Swiss Re tropical cyclone model
@ to estimate the economic losses caused by hurricanes

histonical tracks SS3
histonical tracks SS4
historical tracks SS5
probabilistic tracks SS3 §
probabilistic tracks SS4 §

The other posters
refer to these steps in
the upper left-hand
corner of each slide
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The methodology

Economics of Climate Adaptation (4/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Example for value module: we use GIS data to map countries’ economic
@ value against hazard exposure

Legend
® Churches
Power Stations
Schools
Hospitals
Ports
" Hotels / Resorts
Elevation

-thzgi!nm
B Lovom

e 0o e

The other posters
refer to these steps in
the upper left-hand
corner of each slide

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Example for vulnerability module: we use historical data to construct

0 damage functions for the relevant assets

Vulnerability function for bananas

Expected damage intensity
in percent of production at risk

120

100 r

80 |

60

40 t

20

0 10 20 30 40 50 60 70 80

Wind speed
inm/s




The methodology

Economics of Climate Adaptation (5/5)
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| HOW COULD WE RESPOND?
3 We consider a broad range of adaptation measures

u

Description

= Any measures that require physical changes to

Infrastructure/asset existing assets or building of new assets

based responses

* Measures that involve behavioral change or a
coordinated systemic response at a community
level |

Systemic/

behavioral responses

= Financial risk transfer mechanisms and

Financial responses alternative financial solutions
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| HOW COULD WE RESPOND?
| 3 We consider a broad range of adaptation measures ILLUSTRATIVE  §

Cost-benefit curve of adaptation measures i
Cost per loss-averted ratio

[] Cost-effective measure
B Non-cost-effective measure

2

i

|

Risk-averse decision makers might )
accept a higher CBR a
|

il

Measures below are cost effective
in a risk-neutral decision frame

implementing the measure

o |
Loss averted |

— Measures below 0 line provide Dollars |

net savings Reduction of the expected loss by |

|

The other posters
| refer to these steps in
| the upper left-hand
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Country Results

Preliminary Results for
Bermuda, Jamaica and Saint Lucia



Bermuda

Preliminary country results (1/3)
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Key characteristics of Bermuda

GDP composition (2009)* GDP (2004, PPP)

| Percent - US[‘)t 69.9 thousand per
| capita
Agriculture Tt & —  USD 4.5 billion total
* Unemployment rate 2.1% (2004
est)

* Industries — international !
business, tourism, light |
manufacturing |
i

Industry =
‘iil 12

* Most important agriculture
products — bananas, vegetables,

= 54 sq kmin area

* 103 km coastline

* Highest elevation —= 76 m

= Low hills separated by fertile depressions

1 citrus, flowers; dairy products, ;

Services honey i

]

NORTH i
Geography and geolo ]

ATLANTIC gy e JiERTyane deo,ody |
OCEAN & |
|

Population In Bermuda, we
examined the impacts
of wind hazard,
coastal flooding and

* Total population in July 2009 ~ 68,000
— 100% urban population (2008)

- NORTH ATLANTIC — 18% below age of 15 2 g
s OCEAN —  Median age — 41 years inland flooding on
9 2 4w = Literacy' — 98% (2005 est) tourism, the service
Yt = Languages — English (official) and Portuguese industry and general
infrastructure and
1 Definition — age 15 and over, has ever attended school housing
| WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS? 5
Annual expected loss in Bermuda today and under climate scenarios |
for 2030
Annual expected loss in 2009 and 2030 Wind ,
USD m, 2009 dollars M inland flooding |
| 270 M Coastal flooding |
l‘ Resi(tiential E
| assets |
I 209 i
176 i
|
88%  Commercial j
102 87% (total) assets |
85%
85% i
6% Governmental
0, =

50/0—9"/0 50/0‘9% 6% -8% 6% E i
Sconarios 2009 2030 2030 2030 High
Today's Today's Moderate  change i
climate climate change i
Percent of i

| total GDP o o @ @
Percent of i
otalasset (P ED S O
value 5
gt go0 i - mw llﬂlE




Bermuda

Preliminary country results (2/3)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Geographical distribution of risk and value in Bermuda

Warwick
% of total value

Sandys
% of total value

Southampton

Risk hazard cross section, 2030 high scenario
Expected loss as % of total asset value

[ rowest risk (<0.4%)
Mid-risk (between
[ o:4'and 0.45%)

Pembroke

Devonshire
% of total value

Devonshire

Southampton
% of total value

i 6N

Hamilton
% of total value

lamiltor

Smiths

[ Highest risk (>0.45%)
o Expected loss ratio

G 'S
% of total value

n®

Smiths
% of total value

.n.@

Paget
% of total value

m®

Physical damage ratio

35
30
25
20
15

in percentage of total asset value

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Impact of climate change on return period of extreme events

800

1000

Return period
in years

= High climate change
=== = Today's climate
= =+ Moderate climate change

Climate change might
increase the frequency
of high-intensity events
By 2030, the return
period of a current
1000-year event might
decrease to

— ~700 years in the
moderate climate
change scenario
~400 years in the
high climate change
scenario




Bermuda

Preliminary country results (3/3)

WHAT COULD WE DO TO RESPOND?
3 Cost-benefit ratio and loss avoidance potential
for adaptation measures

2030: HIGH CHANGE

[[] Measures withnet  [Jij Measures with net

In USD m. 2009 positive benefits negative benefits
Cost/benefit ratio for measures'’
20.4
47,
4.0C
2.5=a
Cost-benefit analysis might currently
underestimate benefits as not all
assets are considered
15F
USD 272m
annual
0 b L A D S B S S e expected loss
Measures below this line
have net economic benefits
0.1 0304
03 0.3
0.1
0.1 0.1 0.1
o II 1 Averted
losses'’
0 10 20 30 40 50 60 70 80 90 100 | 110 120 130
Mangrove revival = Wind zoning Wind building codes Coastal flood-proofing Sea walls
Inland zoning Coastal drainage Inland stilts
Reef revival Coastal zoning Beach nourishment
Costal flood adaptation Breakwaters
Wind adapt buildings | Coastal stilts
Inland flood-proofing Inland flood adaptation
Mobile barriers

1 Does not account for synergies and dis-synergies between measures (e.g., building

lls behind a break )

WHAT COULD WE DO TO RESPOND?

across the scenarios

Cost-benefit ratio

Mangrove revival
Inland zoning

Reef revival

Wind zoning

Wind building codes
Coastal flood-proofing!
Coastal drainage
Coastal zoning

Costal flood adaptation?
Wind adapt buildings
Inland flood-proofing!
Mobile barriers

Inland flood adaptation®
Coastal stilts
Breakwaters

Beach nourishment
Inland stilts

Sea walls

CBR=1.0
1 For new buildings 2 For existing buildings

Prioritisation of measures based on cost-benefit analysis

Inland flooding measures
Wind measures
Coastal flooding measures

Today's climate Moderate change High change




Jamaica

Preliminary country results (1/3)
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Jamaica: basic facts and statistics

" a - GDP composition (2009) |

' »A Percent Agriculture ;

/'x - 5 :

3’. - 2 Travel & 1

| ‘ T |

: ‘ =1 . Industry ouose 3

| e |

i g ; I

| v <K |
‘ S " Services

= GDP (2009, PPP)
— USD 8.3 thousand per capita
— USD 23.36 billion total

= Unemployment rate 14.5% (2009 est)

* Industries — tourism, bauxite/alumina, agro
processing, etc.

* Most important agriculture products — sugarcane,
bananas, coffee, citrus

Population
|
SECy/sotty:and guolagy | |+ Total population in July 2009 ~ 2,826 thousand

= 10,991 sq km sq km in area — 53% urban population (2008)
= 1,022 km coastline — 31% below age of 15 %
I = Highest elevation — 2,256 m — Median age — 24 years l"_ Ja:1:-1r|‘ca_, we t
\ = Mostly mountains, with narrow, discontinuous coastal plain = Literacy' — 87.9% examined the Impacts
| = 9.4 km?® of renewable water resources | | = Languages — English, English patois of wind hazard,
1 ’ ) coastal flooding,
| 1 Definition —age 15 and over, has ever attended school salinisation and inland
i flooding on tourism,
: FEVITES NN NSO E SIS T TR T AN T A AT AT A WIS TN E IR TIN YA AT R T I A AR the service industry

002 L A 000 O O O 0 A0 0 O3 T 6 B B N T 03 A D B S T agrlcu"ure and

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS? general infrastructure
2 Annual expected loss in Jamaica today and under climate &ibd honaing
scenarios for 2030

|
Annual expected loss in 2009 and 2030 Wind |
USD m, 2009 dollars M Inland flooding ‘
811 M Coastal flooding
676 ;
592 83% Residential ‘
(total) assets 1
el Commercial
849 assets :
84°/o ° X :
84% Power lines
Other 1
D 3% 3% |
12% o v e 14% |
. 2009 2030 2030 2030 High
Scenarios  Today's Today's Moderate change :
climate climate change 3
j Percent of i
total GDP @ @ @ 0 ‘
Percent of
| st @D D D D
! value |



Jamaica

Preliminary country results (2/3)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
92 Contribution of climate change and economic growth in asset
values to the increase in expected loss to 2030

Annual expected loss in 2009 and 2030
USD m, 2009 dollars

219 811

Assuming annual
real asset growth
rate of 1.2% 130

2009 Increase due Increase due 2030 expected
expected loss  to asset growth to high climate loss under high
change scenario
WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS? 2030: HIGH CHANGE

2 Geographical distribution of risk and value in Jamaica

Risk hazard cross section, 2030 high scenario |:| Lowest risk (<0.5%)
Expected loss as % of total asset value D a/lig-ar:‘s; b%g_;sen
Trelawn 3 :
Hanover Sl % of total value St Ann [ Highest isk (-0.75%)
% of total value 5 of total value % of total value @ Ervected oss ratio
St
@ @ @ @ % of total value Portland
A % of total value
i 3 i o B JE @
MONTEGO . @
B A 3 i 3 e
St Thomas
% of total value

Westmoreland
% of total value

.ﬂ.®

St Elizabeth

% of total value Manchester St Andrew
% of total value cl d Kingston % of total value
@ % of total value St Catherine % of total value
% of total value
___ =® D o

Average annual expected loss for entire
country is 0.71% of total asset value




Jamaica

Preliminary country results (3/3)

WHAT IS THE MAGNITUDE OF THE EXPEGTED LOSS?
2 Loss frequency analysis

2030: HIGH CHANGE

In USD m, 2009
The damage caused by a
100-year event corresponds 39,000 ;
to ~49% of the damage 'Bttjsmest.s
caused by a 1000-year event \;gre;légﬂzgve
sectors!
Physical
damage
4,000 /
1000 N A NN I N e <MV loss
USD ~800m
Return
period 10 20 50 100 200 500 1000
Loss
mosconol (106 Cave) Cove) (170m) (2aow) (zrow) (360%)
GDP, 2030

1 Industry, service industry, travel and tourism sector

WHAT COULD WE DO TO RESPOND?
Cost-benefit ratio and loss avoidance
potential for adaptation measures

[[] Measures with net

2030: HIGH CHANGE

I Measures with net

In USD m, 2009 positive benefits negative benefits
Cost/benefit ratio for measures’
281.8
282.0 1271
:LC 46.9¢
T 32.8C
T 10.0€
=z e 75
Cost-benefit analysis might currently
70 underestimate benefits as not all
g'g i assets are considered
55 F
5.0 USD 811m
:.g F average annual
ol | expected loss
35 pe
3.0
25 |
20 |
 EC
1.0 f------ S --q1.0
051 o o1 Averted
0 I losses
0 20 40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 8J60 380
Reef revival Sea walls Breakwaters Wind building codes Wind adapt buildings Mobile barriers
Coastal zoning Inland zoning | Costal flood adaptation Coastal drainage Inland stilts
Mangrove revival | Wind zoning Inland drainage | | Inland flood adaptation
Vegetation management Coastal flood-proofing Beach nourishrongnl ‘|Inla|nd flood-proofing
astal stilts

lls behind a b

1 Does not account for synergies and dis-synergies between measures (e.g., building




St Lucia

Preliminary country results (1/5)

Key characteristics of St. Lucia

Geography

GDP (2009): USD 1.04 billion
(USD ~11 thousand per capita)
GDP (2030): USD 1.75 billion
total

Unemployment rate 20% (2003
est)

GDP composition (2009)"
Percent

Agriculture  Travel &

Industry Tourism

Industries - clothing, beverages,
corrugated cardboard boxes,
tourism; lime & coconut
processing

Most important agriculture
products — bananas, coconuts,
vegetables, citrus, root crops,
cocoa

Services

Geography and geology

* 61 sqkmsgkmin area

= 158 km coastline

= Highest elevation — 950 m
* Volcanic and mountainous with some broad, fertile valleys
= Annual withdrawal of 0.01 km3 of water

Population In St. Lucia, we
examined the impacts
of wind hazard, coastal
flooding, and inland
flooding on tourism, the
service industry,

agriculture and general

= Total population in July 2009 ~ 160,267 thousand
28% urban population (2008)

24% below age of 15

Median age —29.8 years

= Literacy' — 90.1% (2001 est)

* Languages — English (official) and French patois

1 Definition —age 15 and over, has ever attended school

infrastructure and
housing

WHAT IS THE MAGNITUDE OF T

: 2 Overview of exposure dataset used for analysis in St. Lucia

Physical assets Income

HE EXPECTED LOSS?

in percent Power substations
Power plants |

Residential

Split of economic value by asset type

Other assets Mo

Split of economic value by district

S iy in percent
Power distribution Yicoud
Roads'
Bridges Laborie
Choiseul Gros Islet

Airports
Vieux Fort
Hotels Soufriére
Canaries
Anse-la-Raye
Dennery

Hospitals/

health centres ;
Castries

in percent

Split of economic value by flood risk area

Other assets include:
= Commercial assets: banks, shopping malls, gas stations
= Governmental buildings: schools, fire/police depts.

84 = Churches
7 100% = USD ~10bn
z 4
[ ]
Lowest risk Low risk Mid-low risk Mid-high risk High risk Highest risk

1 Damage to roads will be included in a second time




St Lucia

Preliminary country results (2/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?

scenarios for 2030

2 Annual expected loss in St. Lucia today and under climate

Annual expected loss in 2009 and 2030 Wind
USD m, 2009 dollars M Inland flooding
61 B Coastal flooding
51
45 84%  Residential
27 o
83% e Commercial
assets Power lines
0,
g Other
o, I 6%
90, 8% 1 oo, > M 5%, - 10%
5 2009 2030 2030 2030 High
Scenarios To4a's  Today's ~ Moderate  change
climate climate change
Percent of
waicr G @ @ @
Percent of
ez @D O @ @
value

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?

the increase in expected loss to 2030

€2 Contribution of climate change and economic growth in asset values to

Annual expected loss in 2009 and 2030
USD m, 2009 dollars
Assuming annual
real asset growth
rate of 2.4%
27
2009 Increase due Increase due 2030 expected
expected loss  to asset growth to high climate  loss under high
change scenario




St Lucia

Preliminary country results (3/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS? 2030: HIGH CHANGE
2 Geographical distribution of risk and value in St. Lucia
Risk hazard cross section, 2030 high scenario [[] Lowest risk (<0.4%)
Expected loss as % of total asset value 12'1,',‘?0'{;,, Gros Islet W Ve p;;z;een
Vaive IInICaslﬂes O] Highestrisk (0.5%)
o al

@ € expected loss ratio

% of tof
Value in Anse-la-Raye
% of total CASTRIES

Value in Dennery

% of total

§ o B

i O

Value in Micoud

% of total

Value in Canaries’

% of total

| Value in Vieux Fort
% of total
Value in Soufriere
% of total
A 5
Value in Choiseul P Value in Laborie

% of total S > % of total

@ Average annual expect-

ed loss for entire
<SEiE. country is 0.42% of total
asset value

- 3

1 Canaries is included in Anse-la-Raye for hazard modeling

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Loss frequency analysis 2030: HIGH CHANGE

In USD m, 2009

The damage caused by a

100-year event corresponds 6,100 Bysiness

to ~23% of the damage \ interruption
caused by a 1000-year event for productive

sectors
4,000 |
[/ —
2,800 Physical
/ damage
L
1,400
600
0, e <PV9: loss
1
s:rt;:: 10 20 50 100 200 500 1000 USD 61m
Loss

in percent o

GDP, 2030




St Lucia

Preliminary country results (4/5)

WHAT COULD WE DO TO RESPOND? 2030: HIGH CHANGE
3 Overview of loss avoidance potential for adaptation SMBLEED
measures

Expected loss averted in 2030
USD m, 2009 dollars

61 40
l 7

C— 4y

Total Loss averted Loss averted Residual risk
expected loss through through
adaptation adaptation
measures measures Note that a
with COB <3 with COB >3 significant risk-
Average averse bias would be
cost o o required to make a
inUSD m measure with a COB
ratio of 3 attractive
1 Does not account for synergies and dis-synergies between measures (e.g., building lls behind a b

WHAT COULD WE DO TO RESPOND?

Cost-benefit ratio and loss avoidance potential for 2030: HIGH CHANGE
adaptation measures [] Measures withnet [l Measures with net
In USD m, 2009 positive benefits negative benefits

Cost/benefit ratio for measures’

73 72.6
J— 66.9-
x 24.6C
= 17.3E
17
i | Cost-benefit analysis might currently
underestimate benefits as not all
EE assets are considered
5 -
7
USD 61m
6 annual
5k expected loss
4 104
| 0.2
2 03
2 H o4
1 -4q1.0
Averted
0 losses'
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Coastal zoning Coastal drainage Risk transfer Inland drainage Wind building codes Coastal stilts | Mobile barriers
Reef revivall  Coastal flood-proofing Costal flood adaptation Sea walls Wind adapt buildings ||| Inland stilts
Mangrove revival | Inland zoning Vegetation management | Inland flood adaptation
Wind zoning Breakwaters |Inland flood-proofing

Beach nourishment

1 Does not account for synergies and dis-synergies between measures (e.g., building Ils behind a break )




St Lucia

Preliminary country results (5/5)

WHAT COULD WE DO TO RESPOND?

3

optimal level of protection

Loss in USD m, 2009

= Level of protection is

a subjective function

depending on:

— Budget impact of
loss

— Availability of
emergency relief
capital

— Risk appetite of
decision makers

* Level of protection
might be expressed
by specifying:

— The maximum
acceptable loss
(here: 350 m USD')
for this event

— Exit level — for
example, this can be
expressed by
specifying a refer-
ence extreme event

200 500

10

20

3,976

Quantification of need for additional protection based on subjective

2030: HIGH CHANGE

Need for additional measures is determined by the desired level of protection

6,127

Y

Residual
risk

Additional
protection

Max. accept-
/ able loss

Loss averted
/ cost-effectively

1,000

(e.g.,aonein 100

years event) Return period

Years

A 100-year event corresponds to the maximal loss that can be
expected to be exceeded with a probability of max. ~25% in 30 years

1 This corresponds to approximately 20% of GDP in 2030

WHAT COULD WE DO TO RESPOND?
3 Coverage and costs of risk transfer as a mechanism to
cover residual risk

2030: HIGH CHANGE

Example of evaluation of alternative options to cover residual risk

Loss covered
Loss for 100-year event In percent of residual Annual cost’
In percent of GDP risk to be covered In USD millions
86
Py ] ::rr:’her ~100
63 measures
Risk ~30
transfer @ .
Total Loss Maximum Residual
loss averted acceptable risk to be Risk transfer offers the full
by cost loss covered desired level of coverage and
efficient is significantly cheaper than
measures other considered measures

1 Calculation of cost of risk transfer based on Swiss Re "rule-of-thumb" and CCRIF experience
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Preliminary country results (1/5)
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WHERE AND FROM WHAT ARE WE AT RISK?
1 Key characteristics of Belize

GDP composition (2009)*
| Percent Travel &
Agriculture Tourism

Industry I

[ Services

GDP (2009, PPP)
USD 8.2 thousand per capita
USD 2.53 billion total
Unemployment rate 8.1% (2008)
Industries — garments, food
processing, tourism, oil
Most important agriculture
products — banana, sugar cane,
orange, cacao; fish, cultured
shrimp; lumber; garments

Geography and geology

= 22,966 sq km sq km in area

= 386 km coastline

= Highest elevation— 1,160 m
= Flat, swampy coastal plain; low mountains in south
= 18.6 km?® of renewable water resources

Population

= Literacy' — 76.9%

= Languages — English (official), Spanish, Creole, Mayan

[ dialects

= Total population in July 2009 ~ 308 thousand
52% urban population (2008)

38% below age of 15

Median age — 20 years

In Belize, we
examined the
impacts of wind
hazard and gradual
climate shifts on
agriculture

i
I

0
I

|

i

|
i
|
|
i
I

1 Definition — age 15 and over, has ever attended school

3 O 0 S 00 0 5 B B S S S B e s e s e v

TR O O PR 03 0 A 3 3 O 0 05 D T D B B O D B S0 A ER S B D 0 TS SR B R 0 ST S EE N SR 0 B

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Overview of main agriculture products

Deep-dive analysis incl. I

Yield
MT/Ha

Land use
1,000 Ha

Production
in MT

crop yield impact i

Cumulative value' of agricultural products in Belize
Coverage of total production value, percent, 2008 |
%= ai

Selected products cover 47% ;?g r::illi oLr‘]SD |

of total agricultural value' i

100 i

I |

1_"_'1____" y ot =" l ________________________ 1 37 %

N = i |

| Banana i Poultry E Sugar cane  Orange Papaya f Other Total ‘

| 266 | Na | 404 15.0 630 | Na N/a

I 25 1 Na | 243 15.9 04 | 392 82.3 i

| : : : %}

i 68.1 L 126 | 980.1 239 27.0; 1} 448.5° 1463.6° !

(TR ' i e ) i |

1 Agricultural output value at 2008 producer prices

2 Only crops

Source: Belize Ministry of Agriculture and Fisheries; FAQ; team analysis
\‘l PUGU BRIV RUR T RUSERU LR R NI R SR R R RV B BN PRI R U RN PRSP BT SRR IR RN R LR U NS N E R B U SRR U RE R RN N RSBy




Belize

Preliminary country results (2/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Approach to model the effects of climate change on crop yields

Input factors for crop modeling Modeling results
= Climate change impact on crop yields = Crop suitability maps 2009 vs. 2030 for each
modeled by International Center of crop
Tropical Agriculture (CIAT) with
EcoCrop Oranges \ / Sugarcane '\
= Considered input factors are
— Downscaled climate data derived Impact of climate change on crop suitability for sugar cane
from 7 climate scenarios (A1B r'""e‘e"' ikl
scenari01) Belize. Banana, GCM, Seven Models , Scenario A18.
— Crop production locations in each
country
— Today’s yields
= Analysis done for
— Banana
— Orange
— Sugar cane
* Yield changes calculated for each produc-
tion location based on suitability change

1 Analysis for this study involved A1B climate scenario — other climate scenarios can also be used for following projects

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Climate scenarios used for the analysis of crop yields

Overview of key climatic changes in Belize

Precipitation B 2050
in mm B Today's climate

300
250
200
150
100

50

i 2 3 4 5 6 7 8 9 10 11 12
Month

= = Today's climate

6 7 8 9 10 11 12




Belize

Preliminary country results (3/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
22 Geographic distribution of selected crops

Production
locations for

Approach description

= Estimation of
production locations
based on land use

Banana

@ Sugar cane

| maps
I : p : ; @ Orange
I = Digitizing of production

I locations

05200 80005000 0 D00 00T 00 000 0000 0 00 00 00030 0 0 00006 00 A0 000000000 0 0 0 00 0

‘1 WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
' 9 Yield modeling results

I Crop yield development
I In mt/ha, 2009 vs. 2030; A1B climate scenario’

27 29
Banana A @

40

1} 15 15 ¥
| Orange @

i 2009 2030

1 Analysis for this study involved A1B climate scenario — other climate scenarios can also be used for following projects

(A T O 0T 0 0 500 0 0 0 0 S 6 B B

T O T 0 00000 0 5 0 B S W v e

0 000000 0 0 0 0000 R B S T S B W B



Belize

Preliminary country results (4/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?

induced losses

2 Crop-specific damage function used to model impact of hurricane-

Orange \/ Papaya \/ Sugar cane\

Agricultural damage caused by hurricanes
in percent

= Production at risk potentially
lower than yearly production

G- B Damage ratio of production at risk * Determined by number of
= Collection of damage in percent harvesting cycles
report data from past 120
hurricanes and link to
hurricane wind speeds 100 b
= For bananas, evaluation
of damage records from
WINCROP insurance 80
company
—  Amount paid/ 60 |
amount insured for
all major hurricanes 40 +
— Evaluation on
i i L ]
single-country level 20 L
L J 0m P f L L L N L
0 10 20 30 40 50 60 70 80
Wind speed
inm/s

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?

agriculture sector

2 Potential impact of climate change on hurricane-induced losses to

= Today's climate

Orange \/ Papaya \/ Sugar cane \ [l High change
Expected yearly hurricane-induced loss
in percent of annual production
Belize
3.5 3.6 Dominica
i B 79 84

St. Vincent and the
Grenadines

3.8 4.1




Belize

Preliminary country results (5/5)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Total net impact of climate change and change in land use on banana
production @ Yield in mtha

/ Oranges \ / Papaya \ / Sugar cane \

Change in production for banana, high change climate scenario
Production in mt

N\

p
Approach description 75

= Baseline 2009 is value net of 68
expected annual loss from =o= 66
hurricanes

* Projected net value 2030
includes

— Change in land use/

Analysis of hurricane
harvested area damage alone shc_)ws
that yield change is

most important driver

— Climate change (yield and
hazard impact)

— Interaction of land use and
climate change'

Specific assumptions for
banana in Belize

* Damage ratio 3.51% (2009)
0y
v 3‘6%’(2030) = Gross  Expected Net Change Climate Inter- Net
* Change in land use 4.4% value annual value inland change action value
= Yield change 10.0% 2009 loss 2009 use impact (climate 2030
change

and land
- - use)

1 E.g., without climate change a reduction in land use leads to reduced absolute losses from hurricane damage

Value of "ideal" year
without hurricane
impact

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 Overview of results for the analysed crops in Belize

Change in production for banana, high change climate scenario
Production in mt

75
Banana g6 —_— 0 A
965
Sugar cane ——
429 537 1
Jum————  A—
23 23
T e 0 A
Net value 2009 Change in Climate Interaction Net value 2030

land use change impact (CC&LU)




cas tu )

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
2 We input our scenarios into an existing model for Jamaica
Q to approximate the risk of salinisation

S

# of wells and
—> coastal springs

Rainfall scenarios affected

Sea level rise scenarios

SEAWAT
model
developed by

Rate of groundwater

extraction by humans Estimated

migration of
saline
mixing zone

Expected decline
in water availability

the Jamaican
Water
Resources

Aquifer parameters
(e.g., hydraulic
conductivrty, recharge)

Authority

Location of wells

Expected loss
due to
salinisation
resulting from

climate change

0000

Potability of saline water (assumed in line with World Health
Organisation guidelines)

We selected Jamaica for an investigation into the impacts of future climate scenarios on
salinisation of groundwater. Caribbean islands fall into one of three categories regarding

water availability:

= A number of islands —
such as Antigua and the
Cayman Islands — are
already water-poor and

must supply drinking
water using
desalination plants. The
marginal impact of
climate change on these
islands will therefore be
comparatively small

= Other islands — such as
some of the volcanic
islands — have
freshwater lenses of
sufficient size to
sustain human use
even assuming extreme
climate change

= A final category — which
includes Jamaica — is
currently reliant on
groundwater sources,
and due to climate
change and human
extraction may become
water constrained in
the future. The marginal
impact of climate change
is the highest in these
islands




alinisation

A case study for Jamaica (2/3)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
22 The combined effects of continued groundwater pumping, decreasing

Current situation

Ocean

@ rainfall and sea level rise may result in salinisation of some wells

===« Original water table

(no pumping)
Coastal spring flow and | Current water table
seepage to ocean (with pumping)
Spring flow
Climate inputs
* Sea level 1
rises i
* Rate of ; !
abstractions twater upconing i
= Annual total Transition zone '
rainfall
decreases,
driving Future scenario due to decreased recharge and sea level rise
recharge e —
decreases (nr;gmmv{a ir table
Inland migration of pumping
Pumped water brackish water; reduced == Future water table
spring flow and seepage (with pumping and

climate change)

\ Breakthrough (well
compromised)

WHAT IS THE MAGNITUDE OF THE EXPECTED LOSS?
¢2 The model is based on many physical parameters of the Rio Minho

0 basin, including measured and approximate values

® Well locations

= Boundary of Rio
Minho drainage basin

Overview of major groundwater aquifers and related structures in Jamaica

Rio Minho basin inputs to groundwater model

Well locations

= Empirical data on current water heights and
sal nity levels

* Layers representing the three-dimensional boundaries
e limestone and alluvial aquifers

. Parameters describing the aquifers, including:
— Recharge rates
— Hydraulic conductivity
— Salinity of input water'
— Geologic features (e.qg., faults)

1 Note: even “fresh” water usually has some salinity due to the dissolution of minerals into runoff




alinisation

A cas study for Jamalca (3/3)

WHAT IS THE MAGNITUDE OF THE [XPH‘ TED LOSS? I
2 Increases in the salinity of individual wells is minimal f
0 on a 2030 timescale, but more substantial in the longer term

e Salinity of abstracted water from selected wells over time |
Milligrams of chloride per litre of water i

O Today
B 2030 high change
B 2080 high change

407

These wells are close
to the coast and are
already salinised

200 mg/L
---------------------------------------------------------- <« WHO guideline
for potability

Well 1 Well 2 Well 3 Well 4 Well 5 Well 6 Well 7 Well 8

1 Measurements not available for all wells; date of most recent measurements vary between 1998 and 2003

200

Lna R Limit for potability
(according to WHO
guidelines)

river water

-
. D Normal salinity of
0




For Additional Information, contact:
CCRIF Facility Supervisor - Caribbean Risk Managers
Ltd,
Email: ccrif@ccrif.org
Tel (Barbados): +1 (246) 426-1525
Tel (Jamaica): +1 (876) 920-4182

Or
Visit our website at www.ccrif.org
Email us at pr@ccrif.org




