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1. Context overview

The general objective of the project is to develop and implement an Economics of

Climate Change Adaptation (ECA) study in Trinidad and Tobago that can be applied

fo the broader Caribbean region, fogether with the dissemination of the information

generated and the process involved in the implementation of the study.

This project is composed by six different tasks:

1.

S

Review of literature.

|dentification of risks.

Assessment of expected loss.
Identification of responses.
Decision-making framework for action.

Dissemination of knowledge.

This report provides the results of all tasks 1 through 5 undertaken in this project. The

report has been structured along these 5 tasks, each with their own section (3 through

7). Section 8 is a summary of the assessments and responses for the Pilot Case

developed for The Petroleum Company of Trinidad and Tobago. Please note that all

monetary values presented in this report are in current US Dollars.



2. Executive summary

In this report, the potential hazards due to climate change are presented, the
economic effects of climate change in Trinidad and Tobago are calculated, the
actions to mitigate the losses caused by climate change are proposed, and their
economic costs and benefits are analyzed. Please note that all monetary values

presented in this report are in current US Dollars.

In terms of climate hazards, Trinidad and Tobago will, presumably, undergo higher
tropical storm (TS) frequency and the effects derived from them: coastal flooding, wind
and rainfall.  Additionally the island will likely experience sea level rise and more
frequent and intense droughts. The table below shows a summary of the potential

effects of climate change in Trinidad and Tobago:

Table 1: Potential effects of climate change by sector in Trinidad and Tobago.
Source: Prepared by the authors.

= Warmer weather from high temperature will cause soil
aridity, lead to proliferation of pests and diseases, and put
pressure on water resources for water for irrigation purposes.
= Sealevelrise will cause inundation and soil desalination.
= The combined impact is low agricultural yields and decrease
in food production.
= Higher temperature will increase spread of vector diseases.
Human Health = Decrease in rainfall will affect potable water supply.
= Sealevelrise will cause increases in water borne diseases.
= Increase in frequency and intensity of sform surge will cause
more flooding and disrupt or destroy coastal settlements.
Human settlements = Increase in frequency and intensity of storm surge and
extireme rainfall will cause damages to infrastructure from
flooding and erosion.
= Sea level rise will lead to increased inundation, increased
erosion, loss of wetlands, loss of ecosystems, and
Coastal zones displacement of coastal communities.
= High temperafure will result in loss of coral reefs and
reduction in fish stock.
= Increase in tfemperature will result in increased
evapotranspiration and loss of available surface water.
Water resources = Decrease in precipitafion will reduce groundwater and
aquifer recharge.
= As an effect, available water resources will be reduced.
= Infrastructure, including field installations and offshore
operations, are at risk of inundation from sea level rise, storm
surges and erosion from extreme rainfaill.
=  Water shorfages in the counfry may affect the needs of the
industry in ferms of energy generation.
= Infrastructure damages due to extreme weather events.

Agriculture

Energy sector



Since the mean sea level is a slowly changing variable, the damage associated with
sea level rise is linked to that of tropical storms. In fact, sea level rise increases the
effects of the fropical cyclones and hurricanes because it magnifies the coastal
flooding generated by storm surge and waves. In the table below, the mean economic
damage expected for tropical storms considering the different scenarios of climatic
(regional sea level rise and changes in the frequency of storm events) and vulnerability

conditions is shown.

Table 2: Expected annual damage for the different scenarios considered due to tropical storms.
Source: Prepared by the authors.

Scenario Mean damage (MUSD/year)

SO 19.5953
S1 26.3465
§2 29.3377
§3 36.8614

For a better understanding of the results, it should be noted that the scenarios SO and S1
are those in which today’s vulnerability scenario is maintained, while in S2 and S3 the
future vulnerability scenario is considered. Regarding the climate considered for the
elaboration of the scenarios, in SO today’s climate is maintained, while in S1 and S2 a

moderate change of the climate would take place and in S3 a high change.

The damage associated with the return periods of 50 and 200 years (probability of
occurrence of 0.02 and 0.005) is obtained for each scenario as shown in the table
below. Although changes in the mean are not very significant for S1 and S2 scenarios
relafing to SO, in ferms of damage with low probability of occurrence the changes are
more noticeable: 17% of change in the D50 for S1 scenario and 30.2% of change
(almost double) for S2. In the case of S3 scenario the relative change in the D50 and
D200 is up to 63%.

Table 3: Damage associated to 50 and 200 years of return period for each climate change
scenario and relative change from S0.
Source: Prepared by the authors.

Scenarios Dso(MUSD) Dso-Dsoso (%) D200 (MUSD) D200-Dso0 -so (%)

S0 170,115 0 205,883 0
S1 199,012 16,986 239,864 16,505
S2 221,607 30,268 267,098 29,732

S3 278,437 63,675 335,594 63,002



For droughts, there is only one future scenario due to the lack of historical data. In this
case, the expected loss for droughts in Trinidad and Tobago is 1.815 M$TT. In terms of
relative change, the damage associated with this climate change scenario represents

an increase of 34% relating to historical damage due to drought events.

Regarding the identification of actions, the objective of this document is to propose
measures that could reduce the effects of the hazards detected for Trinidad and
Tobago. To do so, actions that cover a wide range of options are proposed. For
instance, some of the included actions imply the development of important
infrastructure, such as dikes, while others require a significantly less intensive financial

investment such as the development of a social awareness program.

The process of the identification of actions consisted of several steps. As a first step, an
analysis of the possible actions which could be developed in the country was carried
out. To do so, a tailor-made prioritization methodology was designed, with which

different possible adaptation actions were assessed and selected for the country level.

To do so, for the sectors included in the scope of the project - agriculture, industry,
human health, human settlements and water resources - the direct and indirect
consequences of the derived hazards that Trinidad and Tobago will face due to

climate change were analysed.

After analyzing the direct and indirect consequences for every sector, the identfification
of the priorities of the country in adaptation terms was carried out. From those direct
and indirect consequences, the priorities in terms of climate change adaptation for

Trinidad and Tobago were defined as:

1) Prevent flooding in:
a. Human settlements
b. Industry
c. Agricultural land
2) Prevent the erosion of:
a. Coastal land
b. Agricultural land
3) Reduce the damage caused by exireme events (tropical storms, hurricanes,
droughts, heat waves), in:
a. Human settlements
b. Industry
c. Agriculture

4) Guarantee water supply to:



a. Human settlements
b. Agriculfure
c. Industry

The next step in the prioritization methodology was the analysis of the actions, which
was carried out considering different approaches. On the one hand, the results of the
country priorities were considered by determining which priorities every action would
respond to. Additionally, for every action, an evaluation of specific parameters which
would likely act as barriers to implementation was carried out. These parameters
included: economic requirements, legal capacity, institutional capacity, technological

capacity and social capacity.

Since not all the parameters have the same relevance regarding an action’s
implementation, the proposed measures were classified by their importance and the
action’s compliance level for the different parameters. A weighted mark was given

based on the economic evaluation and the different capacities.

In the table below, a summary of the results is shown. As can be seen in the table, all
the not selected actions have a lower mark than 22, which was considered the
threshold which guaranteed the implementation of the action, except for the
desalination technology. This measure was not included due to the fact that there is
already a plant of this type in Trinidad, it is very costly, and it is environmentally less

sustainable than other options.

Table 4: Summary of the action prioritization.
Source: Prepared by the authors.

Action Weighted score  Selected
National Building Code 29 Yes
Construction of dikes in coastal areas 23 Yes
Meteorological Alert System connected to the Monitforing System 30 Yes
Emergency Protocols 29 Yes
Social Awareness Program & Yes
Institutional Training Program 33 Yes
Rainwater harvesting 27 Yes
Infrastructure and Building Reinforcement 22 Yes
Retention ponds &3 Yes
Filter Strips 32 Yes
Permeable pavements 23 Yes
Beach nourishment 26 Yes

Mangrove Restoration 30 Yes



Action Weighted score  Selected

Parametric Insurance Scheme 30 Yes
Agriculture & Climate Change Research Unit 31 Yes
Green Roofs 26 Yes
Climate Change Adaptation Tool 26 Yes
Sustainable Drainage Systems 29 Yes
Coral Reef Protection and Restoration 33 Yes
Resettlement of population 15 No
Elevation of infrasfructure 18 No
Pumping systems 20 No
Cover crops 21 No
Desalination technology 24 No

In order to diversify the options and maximize the applicability of the actions, a specific
focus has been set on the type of investment required. Measure for which the funding
would be provided by institutions, but also some measured based on a combined

financial scheme or solely funded by the private sector were included in this study.

Furthermore, since the effects of climate change and, particularly, the hazards
observed for Trinidad and Tobago affect different sectors, the actions identified are
designed to deal with this factor, as stated in the prioritization stage. When possible,

actions were designed in order to obtain a widespread impact.

In the table below, the complete list of the identified adaptation actions for Trinidad
and Tobago is included along with the affected sectors and the type of investment

required for every action.

Table 5: Identified adaptation actions for Trinidad and Tobago.
Source: Prepared by the authors.

Acti T f
chon Title Type of measure . YRES Sector
code investment
TA 1 Naffenal Buiehne Cade Techr?olloglicol/procedurol . Public Human
optimisation responses investment seftlements
Coastal Zone Infrastructure and asset- Public
TTA 2 S . Coastal zones
Protection in Trinidad based responses investment
Meteorological alert
gl Systemic/behavioural Public Human
TTA 3 System connected fo .
. responses investment settlements
the Monitoring System
temic/behavi | Publi H
TTA 4 Emergency Profocols Systemic/behavioura . ublic uman
responses investment seftlements
A S Social Awareness Systemic/behavioural Public Human health

Program responses investment



Acti T f
chon Title Type of measure X ypeo Sector
code investment
TA G Institutional Training Systemic/behavioural Public Human
Program responses investment settflements
Technological | Privat Wat
TTA 7 Rainwater harvesting e hopgpo/pmcedum . rvare arer
optimisation responses investment resources
Infrastructure and Infrastructure and asset- Private Human
TTA 8 - . .
Building Reinforcement based responses investment settflements
Publi
. Infrastructure and asset- Ub.lc and Water
TTA 9 Retention ponds private
based responses . resources
investment
Infrastructure and asset- Public and
TTA 10 Filter Strips private Agriculture
based responses .
investment
Infrastruct t- Publi H
A BRI BEMETERS nfrastructure and asse . ublic uman
based responses investment settlements
Beach Restoration and Infrastructure and asset- Public
TTA 12 . . Coastal zones
Protection in Tobago based responses investment
A 13 Mong@vgseﬁomhon Infrastructure and asset- . Public Coastal zones
in Trinidad based responses investment
Parametric Insurance Risk transfer via insurance Public and
TTA 14 and alternative financial private Agriculture
Scheme . .
solutions investment
TTA 15 Agriculture & Cllmo‘re' Techrimol'oglicol/procedurol ' Public AUl
Change Research Unit optimisation responses investment
Publi d
Infrastructure and asset- y }con Human
TTA 16 Green Roofs private
based responses . settlements
investment
limate Ch
Climate Change Systemic/behavioural Public Human
TTA 17 Culture Survey for the .
. responses investment seftlements
General Public
Publi
Mangrove Restoration Infrastructure and asset- uby:ond
TTA 18 . private Coastal zones
in Tobago based responses .
investment
Coral Reef Protection . . .
i h | Publ
TTA 19 and Restoration in SHRIEIEZC o v . ublic Coastal zones
responses investment

Tobago

For this report, the economic costs and benefits of each measure were identified,

calculated and analyzed in order to understand the economic viability of each action.

Economic costs were calculated by estimating the costs of implementing each
measure, including construction costs, labour costs, material costs, and maintenance
costs. Economic benefits were calculated by taking the probabilities of natural hazards
occurring with the projections of moderate climate change, the expected damages
from these natural hazards, and the impact that these measures would have in
mitigating damages. In most cases, several benefits were able to be identified and

calculated for each measure. However, in some cases, given the lack of

environmental and social information specific to Trinidad and Tobago, and given the



nature of certain benefits, some benefits to society were not able to be calculated. It
should be expected that, in these cases, the total benefits to society will be larger than
the benefits calculated in this study, given that not all benefits were able to be

monetized for this analysis.

Several economic and multi-criteria tools were used in order to analyse the feasibility of
the measures including Net Present Value, Payback Period, Benefit/Cost Ratio, “No
Regret” analysis, and a Multi-Criteria Analysis. The first four tools fall into the category of
cost-benefit analysis in which environmental and social costs and benefits are all given
monetary values in order to understand their feasibility and compare each measure
against each other. In the last tool, Multi-Criteria Analysis, each societal good is looked
at independently, and not given a monetarial value. Although complex and
subjective, it invites other issues related to the measures to be looked at and

compared.

The table below shows a summary of the economic analysis done for this study. It
includes the total costs and benefits calculated for the measure, the net present value
of the project’s cash flows, the estimated payback period of each measure, and the

measure’s Benefit-Cost Ratio.

Table é: Results of the Cost-Benefit Analysis of the actions.
Source: Prepared by the authors.

Action Net present A7 s
Title Total cost Total benefit el prese back Cost
code value .
(years) Ratio
TTA 1 National Building Code $4,529,327 $72,151,025 $43,923,883 1.9 15.9
TTA 2 Dike Construction in Trinidad ~ $115,554,303 $4,033,247 -$79,223,470 61.6 0.0
Meteorological Alert System
TTA 3 Connected fo the $41,000 $3,935,834 $2,830,906 0.1 96.0
Monitoring System
TTA 5 Social Awareness Program $198,787 $98,240 -$83,151 ) 0.5
TTA 4 Emergency Protocols
$1,659,793 $3,545,712 $1,344,701 0.9 2.1
TTA 6 Institutional Training Program
TTA 7 Rainwater Harvesting $1,714,977 $1,180,476 -$500,418 24.9 0.7
mag  Infrostructure and Building ¢y a50 734 §07,911274  -$27.646239 354 05
Reinforcement
TTA 9 Retention Ponds $279.,616 $47,027 -$187,075 0 0.2
TTA 10 Filter Strips $487,080 $356,132 -$121,338 24.9 0.7
TTA 11 Permeable Pavements $375,536,762 $38,897,785  -$252,122,202 L 0.1
TTA 12 Beach Nourishment in $23,688,332  $20.736,386  -$5522.748  19.4 0.9
Tobago
TA 13 WEIEIONS RES OISR $744,188 $71,348,613  $43,881,303 4.4 95.9

Trinidad



Parametric Insurance
TTA 14 Scheme $62,850 N/A N/A N/A N/A
Agriculture & Climate

Change Research Unit
TTA 16 Green Roofs $1,055,220 $1,786,554 $276,093 9.9 1.7
Climate Change Survey for

TTA 15 $4,455,439 $986,772 -$2,661,472 o0 0.2

TA 17 Sl $24,794 N/A N/A N/A N/A

TTA 18 Mangrove Restoration in $35,325 $5,193,043  $3,402,443 42 147.0
Tobago

e e CodleeiReiecion did $624,672 $523,245 -$89.772 = 08

Restoration in Tobago

Please note: The total costs and total benefits for TTA 4 and TTA 6 were calculated
together. Also, TTA 14 does not have any measureable economic benefits, as it is
considered that insurance programmes do not modify the overall damage caused by
the extreme events. They are useful from a cost-efficiency perspective but not from a
cost-benefit approach, because the economic damage is the same even if insurance
programmes are not developed. The only difference is the way in which that economic
damage is covered. Therefore, from a societal cost perspective the cost-benefit
analysis does not change. However, of course, from a private cost perspective it does
make a difference. TTA 17 also does not have any economic benefits that can be
calculated; the survey will provide information to both policy makers and practitioners,
yet without knowing the results of the survey, it is impossible to determine the impact of

this information in economic terms.

The graph on the next page shows the total costs and total benefits of each measure

as a percentage of total GDP in Trinidad and Tobago:
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Action
code

TTA 10

TTA 14

TTA 15

TTA 2

TTA 12

TTA 13

TTA 18

TTA 19

TTA S

TTA 1

TTA 3

TTA 4

TTA 6

TTA 8

TTA 11

TTA 16

TTA 17

TTA 7

TTA 9

As can be seen by these measures, with the exception of permeable pavements (TTA
11) and Dike Construction in Trinidad (TTA 2) all of the measures have a total cost (not
discounted) that is less than 0.3% of the GDP of Trinidad and Tobago in 2012. In terms of
total benefit (not discounted), Mangrove Restoration in Trinidad (TTA 13) and National
Building Code (TTA 1) have total benefits of about 0.3% of GDP. The average total cost
as a percentage of GDP is 0.137% and the average total benefit as a percentage of
GDP is 0.59%.

The following table and graph show the Cost Benefit Analysis organized by the sector

which they correspond:

Table 7: Results of the Cost-Benefit Analysis of the actions, organized by sector.
Source: Prepared by the authors.

Net present 17
Title Sector Total cost Total benefit P back
value
(years)
Filter Strips $487,080 $356,132 -$121,338 24.9
Parametric Insurance Scheme Agriculture $62,850 N/A N/A N/A
Agriculfure & Climate Change w
Remseia URT $4,455,439 $986,772 -$2,661,472
Dike Construction in Trinidad $115,554,303 $4,033,247 -$79,223,470 61.6
Beach Nourishment in Tobago $23,688,332 $20,736,386 -$5,522,748 19.4
. . Coastal
Mangrove Restoration in Trinidad ones $744,188 $71,348,613 $43,881,303 4.4
Mangrove Restoration in Tobago $35,325 $5,193,043 $3,402,443 4.2
Coral Reef Protection and
Restoration in Tobago $624.672 $523,245 -$89.772 *
. Human
Social Awareness Program healih $198,787 $98,240 -$83,151 e
National Building Code $4,529,327 $72,151,025 $43,923,883 1.9
Meteorological Alert System
Connected to the Monitoring $41,000 $3,935,834 $2,830,906 0.1
System
Emergency Protocols
$1,659,793 $3,545,712 $1,344,701 0.9
Institutional Training Program Human
Infrastructure and Buildin sefflements
- 9 $61,820,734 $27,911,274 -$27,646,239 35.4
Reinforcement
Permeable Pavements $375,536,762 $38,897,785 -$252,122,202 ©
Green Roofs $1,055,220 $1,786,554 $276,093 9.9
Climate Change Survey for the
General Public $24,794 N/A N/A N/A
Rainwater Harvesting Y $1,714,977 $1,180,476 -$500,418 24.9
. resources
Retention Ponds $279,616 $47,027 -$187,075 0

Benefit-
Cost
Ratio

0.7
N/A
0.2
0.0
0.9
95.9
147.0
0.8
0.5

15.9

96.0

$2

0.5

0.1

N/A
0.7

0.2



9|PDS DIWYIIDBOT Ul S ydpus siy| ;910N aspald

S92IN0SaY I8JOM SjUsWB|es UDWNH y}|paH upwnH S8UO7 |DISD0D) aINyNouUBY
409 10 % D SD Jyauag |DJoL ddD JO % D 5D 150D [joLm
%0000 =
. SpUOJ Uolualay >
%1000 l o
A IISSAIDH I8DMUIDY >
%/00°0 Z
o |
% 10000 211gnd [Risuss) ayl 10} AaAing abupyD) apwiD) >
|
o . =
o~
. =
%9961 S SJUBSWIBAD S|gpawIad >
%9110 =
. JusWIaDIoUIaY Buip|ing pup SINoNISOYU| >
ey >
%5100 g4
@ o woibold Buluipl] [DUoIiN}isU| pUD S|OD0j01d Aduabiauwi] 2>
%6900'0 ey
%9100 wialsAg Bulojuow ayi 0} paldauuo, A 6 3
%2000°0 15AS BulolIUOW Sy} O} PaIDSUUOD WSISAS oY [D2IBojoIosIaW >
w
%1060 — apoD Buipiing [DUOKDN =
%r000°0 =
. wpibold ssauaiomy |DIDOS >
%1000 il z
—— =
%8000 [ OBOGOL UL UOHDIONSSY PUD UOIRIOI 1993 19100 >
~0
. =
%ee0'0 %0000 L 0BDgo] Ul uolDIolsay aaolBuby >
o]
5 . |
Beeco %000 l POPILIL Ul UOIIDI015Y AOIBUDW >
(]
. =
56400 DI OOPAOL W IUSHILINON 1o0o8 =
[}
%100 =
) PORIULL Uf UOH2NISUOD 831a >
%EBF0 I o
. =
%6100 %000 Hun yoinasay abunyD appwD g aunynouby W
=
%E000°0 l 2UIBYDS 22UDINSU| DUSLUDIDG >
.
%100 5
s —— S 1 >
(]
%000°01 %000 | %0010 %0100 %1000 %000°0

SIoylno 8yl Aq paipdald :22In0S
10}03§ Aq paziupbio ‘4o jJo 96pJUSIad D SD S}JSUS( [P}O] PUD S}soD [pjo] :Z ydoio



When organized by sector, the measures for Coastal Zones and the measures for
Human Setftlements have relatively high benefits. Coastal Zone measures average a
benefit equivalent to 0.426% of GDP and Human Settlements measures average a
benefit equivalent to 0.618% of GDP. That being said, these two groups of measures
also have the largest costs. Coastal Zone measures average cost is equivalent to
0.586% of GDP and Human Setftlements measures average cost is equivalent to 1.854%
of GDP. The next groups of measures with the highest benefits are the agriculture (with
an average benefit of 0.006% of GDP) and water resources (with an average total
benefit of 0.005% of GDP). However, in terms of cost; the measures for water resources
have an average cost equivalent to 0.008% of GDP, while the average costs of
measures for agriculture is higher, at 0.021% of GDP. Lastly, the measure for the Human
Health sector has both the smallest cost (0.001% of GDP) and smallest benefit (0.004% of
GDP).

The table on the following page shows the results for each measure in terms of “No
Regret”. “No regret” strategies are those in which the project can be justified in
economic terms, even without climate change, however its benefits increase even

more with climate change. For the analysis, four categories were developed:
e High Impact and “No Regret”: Actions that have no regret, and also have a

high impact in reducing damages due to natural hazards.

e Low Impact and “No Regret”: Actions that have no regret, and offer a lower

impact in terms of reducing damages.

e Low Regret: Actions that are not necessarily “No Regret” yet will produce

significant benefits in the event of a natural hazard.

e Potential High Regret: Actions that are not "No Regret” yet produce lower

levels of benefits in the event of a natural hazard.
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From this analysis, the results show that:

The National Building Code (TTA 1) and Mangrove Restoration in Trinidad (TTA
13) fall into the category of High Impact and “No Regret”

Meteorological alert system connected to the Monitoring System (TTA 3);
Emergency Protocols (TTA 4) and Institutional Training Program (TTA 6); Green
Roofs (TTA 16); and Mangrove Restoration in Tobago (TTA 18) all fall into the

category of Low Impact and “No Regret”

Infrastructure & Building Reinforcement (TTA 8); Permeable Pavements (TTA 11);

and Beach Nourishment in Tobago (TTA 12) fall info the category of Low Regret

Dike Construction in Trinidad (TTA 2); Social Awareness Program (TTA 5);
Rainwater Harvesting (TTA 7); Retenfion Ponds (TTA 9); Filter Strips (TTA 10);
Agriculture & Climate Change Research Unit (TTA 15) and Coral Reef Protection
and Restoration in Tobago (TTA 19) fall info the category of Potential High
Regret.

Lastly, a multi-criteria analysis was made in order to weigh the economic information

against additional criteria necessary for decision-making. These criteria included:

Importance: The importance that the measure has in regarding the ability to

decrease the impacts of climate change.

Urgency: The urgency with which the measure should be implemented in order

to gain the maximum benefits from its implementation.

No Regret: The level of “No Regret” this measure has. “No regret” strategies are
those in which the project can be justified in economic terms, even without

climate change, however its benefits increase even more with climate change.
Secondary Effects: The level to which this measure would bring additional

positive secondary effects to society.

Mitigation Effects: The level to which, in addition to improving the adaptability of
the country to Climate Change, the implementation of the measure also would

help mitigate climate change by reducing emissions.

These scores have then been given a weighted score, with Importance having more

weight (5) over Urgency (4), No-Regret (3), Secondary Effects (2), and Mitigation Effects

(1). Therefore, in the graphs below, those measures with the largest bar are not

necessarily those with the highest priority. For example, although Mangrove Restoration

in Trinidad has a very high ranking in all aspects, it is not the highest in terms of priority

since its weighted score was not the highest.



The measures are ordered within the table and graph below based on their score in
Importance, then Urgency, then No-Regret, then Secondary Effects, and Lastly

Mitigation Effects.
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Based on the Multi-criteria analysis, National Building Code (TTA 1), Institutional Training
Program (TTA 6), Infrastructure & Building Reinforcement (TTA 8), Emergency Proftocols
(TTA 4), and Meteorological alert system connected to the Monitoring System (TTA 3)

came in as the top 5 in terms of priority measure to implement.

In conclusion, after looking at all of the different facets of each measure and analyzing
cost/benefit results mentioned in this study, the measures that are the most favourable
and feasible for Trinidad and Tobago are the implementation of a National Building
Code (TTA 1), Meteorological Alert System connected to the Monitoring System (TTA 3),
Emergency Protocols (TTA 4), and Institutional Training Program (TTA 6), given that they
were ranked the highest priority and they are all considered “No Regret” Measures.
Additionally, Infrastructure & Building Reinforcement (TTA 8) is recommended due to ifs
high ranking in the multicriteria analysis and that it is considered Low Impact and Low
Regret. Given the large benefits associated with mangroves, Mangrove Restoratfion in
Trinidad (TTA 13) and Tobago (TTA 18) are also highly recommended for
implementation. The Parametric Insurance Scheme (TTA 14) is also highly
recommended, although it is not considered “No Regret”, is as it will help reduce the
financial risks felt by the Government, private companies and individuals in situations of
Natural Hazard. Also, given the strong percentage of tourism related to the economic
well-being of Tobago, it would be interesting to look into Beach Nourishment (TTA 12)
and Coral Reek Protection and Restoration (TTA 19) as a possible ways to maintain the

long term growth of tourism on the island.

It is important to note that while all of these measures are analyzed as individual
measures, many of these measures would have increased impacts if they were
implemented in conjunction with other proposed measures. As an example, many of
the measures regarding coastal management, including the construction of dikes (TTA
2), the restoration of mangroves (TTA 13 and TTA 18) and the protection of coral reefs
(TTA 19), will have improved results if jointly implemented. The same can be said for the
social awareness campaign (TTA 5), emergency protocols (TTA 4), institutional training
program (TTA 6), and meteorological alert system connected to the monitoring system
(TTA 3). All of the measures detailed in this report should therefore be looked at
holistically and strategically when deciding which activities fo implement, ensuring that

possible mutual and re-enforcing benefits are captured.

Additionally, these recommendations have been made based on the information
currently available. In many cases, secondary sources were used in order to defermine
the costs and benefits for these measures, given the lack of primary source information.

It is recommended that before any of these measures are undertaken, a detailed



analysis of their feasibility and impacts be done in order to decide whether or not to

implement the measure.

2.1. The Pilot Case

For this analysis, the pilot case study has been focused on the Petroleum Corporation of
Trinidad and Tobago (Petrotrin). This case study was chosen given the importance of
the petroleum sector in the country’s economy, and Pefrotrin’s importance within the
sector. The Petroleum Industries sector accounts for over 43% of the GDP of Trinidad
and Tobago in 2012, based on the GDP statistics provided by the Central Statistics
Office (CSO) of Trinidad and Tobago. Petrotrin was incorporated in 1993 to consolidate
the interests of the Trinidad and Tobago Oil Company (Trintoc) and the Trinidad and
Tobago Petroleum Company (Trinfopec), but its roots can be traced to the first years of
the 20th century. They play a leading role in the development of the energy sector in
Trinidad and Tobago, being the nation’s largest crude oil producer. This in terms of
production is expressed by the full capacity of the refinery, of up to 168,000 barrels per
day and average of approximately 127,650 barrels per day. A map showing the extent

of Petrotrin’s operations in the country is shown in the figure below.



Figure 1: Map showing Petrotrin's Areas of Operations
Source: Petrotrin, Energy Map Feb 2013
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The table below describes how each of these measures is defined along these

categories.
Table 9: Proposed actions for the pilot study.
Source: Prepared by the authors.
Climate Change Technological/procedural Private Energy sector
PT 1 - Lo . .
Adaptation Tool optimisation responses investment & industry
PF 1 Coastal Zone and Infrastructure and asset- Private Energy sector
Guaracara River Protection based responses investment & industry
Retention Ponds in Point Infrastructure and asset- Private Energy sector
PF 2 . . .
Fortin based responses investment & industry
Construction of Swales and Infrastructure and asset- Private Energy sector
PF 3 . . h . .
Berms in Point Fortin based responses investment & industry
Mangrove Protection in Infrastructure and asset- Private Energy sector
PF 4 . - . .
Point Fortin based responses investment & industry




PF 5 Relocation of Infrastructure Infrastructure and asset- Private Energy sector

in Point Fortin based responses investment & industry
Infrastructure Elevation in Infrastructure and asset- Private Energy sector
PF é : . . .
Point Fortin based responses investment & industry
Dike Construction in Pointe- Infrastructure and asset- Private Energy sector
PAP 1 N . .
a-Pierre based responses investment & industry
PAP 2 Construction of Retention Infrastructure and asset- Private Energy sector
Ponds at Pointe-a-Pierre based responses investment & industry
Sustainable Drainage Infrastructure and asset- Private Energy sector
PAP 3 . . I . .
Systems in Pointe-a-Pierre based responses investment & industry
Mangrove Restoration in Infrastructure and asset- Private Energy sector
PAP 4 . - . .
Pointe-a-Pierre based responses investment & industry
Relocation of Infrastructure Infrastructure and asset- Private Energy sector
PAP 5 : } o . .
in Pointe-a-Pierre based responses investment & industry
Infrastructure Elevation in Infrastructure and asset- Private Energy sector
PAP 6 . o . .
Pointe-a-Pierre based responses investment & industry

As with the measures analysed for the country, the economic costs and benefits of
each measure designed for Petfrotrin have been identified, calculated and analyzed in
order to understand the economic viability of each action. The table below shows a
summary of the economic analysis done for this study. It includes the total costs and
benefits calculated for the measure, the net present value of the project’s cash flows,

the estimated payback period of each measure, and the measure’s Benefit-Cost Ratio.

It is important to note that costs and benefits were not estimated for PF 6 and PAP 6

due to the lack of information about the specific infrastructure in these areas.

Table 10: Resulis of the Cost-Benefit Analysis of the pilot project actions.
Source: Prepared by the authors.

Action . Total Net present Pay back Benefit/Cost
Title Total cost . 7
code benefit value (years) Ratio
PT 1 Climate Change Adaptation Tool $117,500 N/A N/A N/A N/A

PF 1 Coastal Ione and Guaracara o505 701 $370635  -$3,927,621 = 0.1
River Protection

PF 2 Retention Ponds in Point Fortin $269,900 $145,574 -$173,446 24 0.5

prg  Constructionof Swales and Berms 10/ 104 g134871 52,703 154 11
in Point Fortin

PF 4 Mangrove P;Z:ﬁrfhon in Point $6,750 $72,391 $26,285 78 107

PF 5 REEeIen of e siueiui® in $2,317.739  $20.375.901 $9,987,274 0 88

Point Fortin

PF 6 |nfros‘rrucTureFEIﬁi\I/qohon in Point N/A N/A N/A N/A N/A



Action Total Net present Pay back Benefit/Cost

code UL LCIEICE | benefit value (years) Ratio
PAP I Diks CO”S”UPfgrfg InPointe-- ¢, 061914  $1,869,243 -$2,011,884  27.8 0.38

papp  Constuction ofRefentionPonds ¢/ 00900 ¢537740  $37,866 93 20
at Pointe-a-Pierre

Sustainable Drainage Systems in

PAP 3 Pointe-a-Pierre $644,715 $669,062 -$223,766 15.6 1.04

pap4  Mangrove Res;ci)er?rtelon inPoinfe-a- 45 708 $93384  $33,907 7.8 10.7

PAP 5 Relocation of Infrastructure in ¢, 946 576 $52,076,889 $24548353 0O 8.3
Pointe-a-Pierre

PAP & Infrastructure Elevation in Pointe- N/A N/A N/A N/A N/A

d-Pierre

Relocation of infrastructure in both Point Fortin and Pointe-a-Pierre both have
significantly high positive Net Present Values, given the fact that the infrastructure built
will provide the company benefits during their enfire use life and remove the risks of
inundation. For the actions restoring mangroves in both Point Fortin (PF 4) and Pointe-a-
Pierre (PAP 4), the costs of the action are much lower than the potential benefits. The
actions related to improving drainage in both Point Fortin (PF 2 and PF 3) and Pointe-a-
Pierre (PAP 2 and 3) have Payback Periods of less than three years, making these
measures interesting for consideration in ferms of reducing the risk of inundation in both
locations. Lastly, the measure related to building dikes in Point Fortin (PF 1) has rather
high costs relative to its benefits. This is partly due to the fact that the benefits due to
Petrotrin’s use of the port area and terminalling stations were not able to be included in
the study due to lack of specific information regarding the use of this port by the
company. It should be mentioned that Point Forfin is considered and an important
terminalling station for the company, and therefore if this benefit were able to be

included, this measure’s results would likely improve.
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Both measures related to the relocation of infrastructure in Point Fortin (PF 5) and Pointe-
a-Pierre (PAP 5) fall under the category of High Impact and “No Regret”. As mentioned
previously, this is due to the fact that the infrastructure built will provide the company
benefits during their entire use life and remove the risks of inundation. The measures
involving mangrove restoratfion in Point Fortin (PF 4) and Pointe-a-Pierre (PAP 4) are
considered Low Impact and “No Regret” due to their high Benefit/Cost ratio. Retention
Ponds in Pointe-a-Pierre is between Potential High Regret and Low Impact and “No
Regret”, as its costs are similar to its benefits. Lastly, the rest of the measures, fall under
the category of Potential High Regret. The measures in Pointe-a-Pierre have slightly
better results than those for Point Fortin. This is due partially to the fact that more of the
benefits related to the productive value of Pointe-a-Pierre were able to be estimated
and included in the analysis. However, this result also makes sense given that Pointe-a-
Pierre has the country’s only oil refinery, and is of relatively higher strategic importance

for Petrotrin.

Similar to the country level actions, a multi-criteria analysis was carried out as well for
the actions of the pilot study. The results of this Multi-Criteria Analysis exercise are shown

in the graphs below.
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As shown in the first graph, the elevation of the Port in Point Fortin is the classified as
highest, by weighted score. This is due to the fact that the port and terminalling stations
are strategic for Petrotrin. The actions focused on reinforcing the coastal areas in both
Point Fortin and Pointe-a-Pierre are also highly classified in the Multi-Criteria Analysis.
The Relocation of Infrastructure and improvement of drainage systems in Pointe-a-Pierre
also have high importance and urgency due to the significance of the infrastructure in
Pointe-a-Pierre to Petrotrin. The climate change action adaptation tool obtains better
results than mangrove restoration, mainly due to its urgency compared to that of the

mangrove restoration.

When the actions are classified by type, actions in both Point Fortin and Pointe-a-Pierre
are both relatively equal in terms of scoring, with actions in Point Fortin having slightly
higher urgency. This is due to the fact that flooding in Point Fortin is expected to occur
before 2031, whereas flooding in Pointe-a-Pierre - although affecting more infrastructure

for the company - is not projected to occur until 2051.

As a conclusion, if the results of the different assessments conducted are analysed in
conjunction, it can be seen that, for different reasons, all the actions proposed might
be helpful and interesting from a climate change adaptation perspective. In terms of
Mangrove Restoration in both Point Fortin (PF 4) and Pointe-a-Pierre (PAP 4), the results
of the multi-criteria analysis related to importance and urgency are lower, but it has a
good benefit-cost ratio and offers many positive secondary effects. Second, the
climate change adaptation tool does not offer any economic benefits itself, but it
would be very useful for the company to obtain a comprehensive view of its current
and future situation in terms of climate change adaptation. Furthermore, it would
include all the climate change adaptation information already developed by the
company and would facilitate the development of complex adaptation assessments in
the different sites in which the company is located - taking into account the
vulnerability of those sites and any ofher relevant factors. It would therefore facilitate
the decision-making by including the climate change factor in the assessments of the

company.

Lastly, it is important for Petrofrin to look at the remaining measures holistically, and
determine its best strategy for the company, and then for both Point Fortin and Pointe-
a-Pierre. As can be seen by the projections done for both areas by Singh and El Fouladi
(2006 for Pointe-a-Pierre and 2007 for the Point Fortin area), both locations are at risk of
inundation and land erosion due to sea level rise and storm surge in the future. Both
areas are also strategically important for the company, as Point Fortin facilities deliver

the region's best strategically located terminalling services and Pointe-a-Pierre is home



to the country’s only oil refinery (Petrotrin, 2013). Therefore, both areas will likely need
investments made in order to adapt to the risks of climate change and ensure their
productive use in the future. Pefrotrin will need to look strategically at the options and
decide what is best for the company. As an example, they may decide to improve the
drainage systems in both locations in the short term (PF 2 and 3, PAP 2 and 3), while
working tfo acquire the financial investments required for larger projects such as Port
and Infrastructure Elevation in Point Fortin (PF é) and Dike Construction in Pointe-a-Pierre
(PAP 1).

It is important to mention that while all of these measures are analyzed as individual
measures, many of these measures would have increased impacts if they were
implemented in conjunction with other proposed measures. As an example, all of the
measures, with the exception of relocation and elevation of infrastructure, are
designed to help reduce the risk of flooding and storm surge, and therefore could help
improve the protection of the industrial area if jointly implemented. All of the measures
detailed in this report should therefore be looked at holistically and strategically when
deciding which activities to implement, ensuring that possible mutual and re-enforcing

benefits are captured.

Also, these recommendations have been made based on the information currently
available. In many cases, secondary sources were used in order to determine the costs
and benefits for these measures, given the lack of primary source information. It is
recommended that before any of these measures are undertaken, a detailed analysis
of their feasibility and impacts be done in order to decide whether or not to implement
the measure. Additionally, it is recommended that Petrotrin complete a multi-criteria
analysis similar to the one done in this study in order to include their knowledge and

experience regarding their business practices into the results.



3. Literature Review

3.1. Introduction

The Republic of Trinidad and Tobago is a twin-island nation of about 1.33 million people
and land area of 5,127 sq km. Trinidad is the larger of the two islands with a population
of 1.27 million and land area of 4,827 sq km. Tobago has a land area of 300 sg km and
a population of less than 61,000 (CSO, 2012a). The country is an archipelagic state

located in the southern Caribbean, with Trinidad located to the southwest of Tobago.

Even though in November 2011 the Organization for Economic Co-operation and
Development (OECD) removed Trinidad and Tobago from ifs list of developing
countries, the country is included in the Small Islands Developing States (SIDS) group.
This group was recognized at the Earth Summit held in Rio de Janeiro, Brazil, in 1992 and
includes developing countries facing specific social, economic and environmental

vulnerabilities.

There are three geographical regions in which SIDS are located: the Caribbean, the
Pacific and the Atlantic, Indian Ocean, Mediterranean and South China Sea (AIMS). In
general, they face the same constraints for sustainable development. These constrains
include: a narrow resource base depriving them of the benefits of economies of scale;
small domestic markets and heavy dependence on a few external and remote
markets; high costs for energy, infrastructure, transportation, communication and
servicing; long distances from export markets and import resources; low and irregular
international fraffic volumes; little resilience to natural disasters; growing populations;
high volatility of economic growth; limited opportunities for the private sector and a
proportionately large reliance of their economies on their public sector; and fragile

natural environments.

Trinidad and Tobago has slightly different characteristics to other SIDS, mainly because
of its rich energy resources. The country has oil and gas. In fact, instead of having to
pay high costs for energy imports, Trinidad and Tobago exports oil and gas. This also
affects the industrial development of Trinidad and Tobago compared fo that of other
SIDS, giving industry a major role in the economy of the country. In fact, in Trinidad and
Tobago, apart from the extraction and processing of oil and natural gas, there are
other industries which have an important effect on the economy of the country, such

as the production of methanol, fertilizer production and steel.



Graph 9: Evolution of the GDP share by sector in Trinidad and Tobago.
Source: World Bank.
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The primary sector refers to the extraction or harvest of raw materials from the earth.
The secondary sector refers to all manufacturing, processing, and construction. Lastly,
the ftertiary sector is a service industry, which includes activities such as retail,
tfransportation and distribution, restaurants, tourism, and banking. As shown in the graph
above, the secondary and tertiary sectors account for most of the Gross Domestic
Product (GDP) of Trinidad and Tobago. The contribution of the primary sector has
decreased since 1990 from less than 3% to less than 0.5%. Another interesting trend that
can be observed in the graph is the increase of the contribution of the secondary
sector, which in 1990 had a lower contribution compared to that of the tertiary sector,
while in 2012 the situation was the opposite, raising the secondary sectors contribution
to almost 60% of the total GDP of Trinidad and Tobago.

However, this GDP sectoral share is not consistent with the sectoral employment share,
for which the conftribution of agriculture is higher than the contribution of the oil sector,

according to the data provided by the Central Bank of Trinidad and Tobago.



Graph 10: Evolution of the employment by sector in Trinidad and Tobago.
Source: Central Bank of Trinidad and Tobago.
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As shown in the graph above, even if the relevance of the primary sector has
decreased since 1991, it is still higher than its contribution in terms of GDP. In 1991, 13%
of the total labour force of Trinidad and Tobago was employed in the primary sector, a
value that decreased until reaching 4% in 2010. Furthermore, in the graph shows that in
terms of employment, the secondary sector has historically employed less of the labour

force than the tertiary sector.

If, instead of analyzing the country as a whole, the two islands are viewed separately,
clear differences can be found between the features of Trinidad compared to Tobago.
The previously stated importance of industries in the economy is derived from the
characteristics of Trinidad, where all the industrial sites are located. On the other hand,
the economy of Tobago is primarily based on ftourism. Due to these differences in the
economy of each island, the consequential environmental issues are also different.
While in Tobago, preserving biodiversity is key for development, in Trinidad the efforts
need fo be more focused on dealing with densely populated areas and the effects of

industry on the environment.

In terms of vulnerability to the effects of climate change, Trinidad and Tobago's effects
and possible impacts have been well documented (Government of the Republic of
Trinidad and Tobago, 2013; Ministry of Planning and the Economy, 2012). As a Small
Island Developing State (SIDS), the country is vulnerable to temperature increases,
changes in precipitation and sea level rise (Government of the Republic of Trinidad and
Tobago, 2011). Other vulnerabilities include increased flooding, increased frequency
and intensity of hurricanes, hillside erosion and loss of coastal habitats (Government of

the Republic of Trinidad and Tobago, 2013). These vulnerabilities are projected to have



consequential effects on the agriculture, human health, human settflements and

infrastructure, coastal zones, water resources and tourism sectors.

As the world gets warmer, the risk of extreme weather events heightens. In the period
between 1930 and 2008, about 248 extreme weather events that can be linked to
climate change and hydro-meteorological phenomena were registered in the Central
America region. Floods, storms, mudslides and landslides accounted for over 85% of
these registered events. To a lesser magnitude, forest fires related to extreme
temperatures and droughts accounted for 9%. The most frequently occurring event is
floods. The frequency of floods has doubled in the past twenty years affecting the most

vulnerable areas of riverbanks, low-lying areas and coastal zones (ECLAC, 2010).

In the Caribbean region, the average temperature has increased for the past three
decades. This warming frend extends to the lower part of the Caribbean’s atmosphere
(Taylor et al., 2007). It is projected that the Caribbean will get even warmer within the
range of 0.48 to 1.06 °C during 2010 -2039, 0.79 to 2.45 °C during 2040-206%9 and 0.94 to
4,18 oC for the 2070-2099 periods (Pulwarty et al., 2010). The result will likely be an
increase in the number of hot days, warm to hot nights and warmer seas. These warmer
nights are expected to be more prevalent in the Caribbean and deep tropics.
Projected impacts to accompany warmer days and warmer seas include sea level rise
(thermal expansion), changing distribution of disease carriers, change in the patterns of

rainfalls and more acidic oceans (Tompkins et al., 2005).

In Trinidad and Tobago, the average ambient temperature increased by 0.6 °C
between 1961 and 1990 and by 1.7 °C from 1961-2008. Although no significant increase
in mean rainfall was observed over the same period, variations in pattern of rainfall was
recorded. The largest change occurred during the wet season (June-August) when
mean rainfall decreased by 6.1 mm per month per decade. In the eight-year period
between 1984 and 1992, rise in sea level was observed to be in the range of 1.6mm -

3.0mm per year (Government of the Republic of Trinidad and Tobago, 2011).

The Caribbean as a whole has a history of natural disasters, particularly those caused
by hurricanes, in fact, in general, in the Caribbean the most significant natural hazard
risk is tropical storm and hurricane risk (CCRIF, 2010). With rising temperatures, the
intensity and frequency of hurricanes are projected to increase. Changes in weather
patterns are compounded by socio-demographic changes such as increasing
population growth, poverty, urbanization, deforestation and lack of land to heighten

the vulnerability of SIDS to natural disasters (Pielke et al., 2003; Pulwarty et al., 2010).

By comparing historical hurricane losses to what they would be under current societal

conditions, Pielke et al. (2003) concluded that population growth, wealth, and inflation



can all affect the outcomes of natural disasters along with climate change. The results
implied that each storm in the Caribbean since 1960 would have caused more

damages if they had occurred in 1998.

Even though Trinidad and Tobago is not in the main Aflantic hurricane belt, the
potential to be hit by hurricanes still remains and it is considered one of the main natural
hazards (CCRIF, 2013a). In fact, in the past a number of fropical cyclones and two

hurricanes have affected the country since 1850.

The Economic Commission for Latin America and the Caribbean (ECLAC) conducted
similar economic assessments for Central America. These assessments showed that for
Costa Rica, El Salvador, Guatemala, Honduras and Nicaragua, losses totalling US$13.6
billion were caused by hurricanes. Hurricane Mitch caused the most damages,
amounting to about $8 billion. More than half of these damages represented loss to the
productive sector, mainly the agricultural sector. Infrastructure loss accounted for a
quarter of losses owing to the damages to the telecommunications and fransportation
sectors. About four-fifth of the losses from the social sectors was due to damages to
houses. This was not surprising since, in the urban areas, people live “in precarious
dwelling and only 43% of homes are subjected to established and legal ownership”
(ECLAC, 2010, p 69). In the rural areas, homes are made of dirt floor (43%), roofs are
made of provisional material (12%) or walls are made of light disposable material (20%).
All of which increase the vulnerability of people’s dwellings to extreme weather events

such as hurricanes.

It should be noted that the latest Representative Concentration Pathways (RCP)
scenarios being used in the 5t assessment of the Inter-Governmental Panel on Climate
Change (IPCC) in the final report of working group | gave a global sea level rise
projection of 0.32-0.62 metres for the period 2081-2100 for the mid-range RCP 4.5
scenario compared fo 1986-2005. By comparison, the high-range RCP8.5 scenario
projection showed a sea level rise range of 0.53-0.97 metres by 2100. Only the collapse
of the Antarctic Ice Sheet is likely to substantially alter this range during the 21st century;
however, this additional contribution cannot be precisely quantified at this time. Sea
level rise in Trinidad and Tobago has so far matched the global average and is not
expected to differ substantial from the global range in the future. Trinidad and
Tobago’'s median seal level rise by 2100 might be 0.52 metres based on RCP4.5 and
0.73 metres based on RCP8.5. Therefore, planning for sea level rise of about 1 metre by
the year 2100, although on the high side of projections, might be prudent as it
incorporates a safety factor. Other projections for the Caribbean by the year 2100 using

RCP4.5 includes a median annual temperature increase of 1.4 ©C. Precipitation is



projected to decrease in the southern Caribbean and increase in the north consistent

with observed frends.

Simpson et al. (2010) made some projections of the potential economic impact of 1
meftre sea level rise on Caribbean Community (CARICOM) member states. Countries
that were suggested to suffer the greatest economic loss in absolute terms included
Bahamas, Belize, Guyana, Trinidad and Tobago, and Suriname. While the bigger
countries may suffer the greatest absolute losses, the smaller economies will experience
greater proportional impacts since their capacity to recover and absorb losses is
minimal. With a hypothetical scenario of a 1 meter rise in sea level by the year 2100, it is
projected that about 1,300 km?2 of land mass may be lost and over 110,000 people
displaced (Simpson ef al. 2010; Scott et al 2012). Five power plants are likely to be
damaged or lost and key sectors such as tourism and agriculture could lose millions in
revenues. With regards to the fransportation sector, 21 CARICOM countries’ airports
could be lost or damaged, 35 ports inundated and about 567 km of road way
destroyed. The loss would increase if the effects of storm surges and the erosion to

coastal beach due to sea level rise are included in the calculations.

Simpson et al. (2010) also projected future impact of sea level rise on the tourism sectors
of a few Caribbean countries, including Trinidad and Tobago. The projected costs are
reported in the table below. These projected effects on the tourism sector stems not
only from rebuilding costs, but also from annual losses due to reduced revenue from
beach loss. The overall projections for rebuilding are between US$10 — US $23.3 billion in
2050 and $23.5 and US$74 billion in 2080. For Trinidad and Tobago, sea level rise is
estimated to cost the country between 1.3 — 1.4% of its Gross Domestic Product (GDP)

annually and another US$1.3 to US$4.8 billion in rebuilding costs.

Table 11: Projected Annual Losses and Rebuilding Costs for Selected Caribbean
Countries Due to Sea Level
Source: Simpson et al. (2010).

Antigua &
Barbuda

Bahamas $869m  $946 m $2.2b $2.6 b
Barbados $283m  $368m | $850m  $860 m 4.8% 18.7% 7.3% 42.8%

36% 85%

Grenada $490 m $1100 $1.3b $3.7 b 12.4% 21.5% 14% 33%
St Kitts f:nd 60% 89% 73% 150%
Nevis
Trinidad & $1.3b $48b 1.3% $1.4%

Tobago



Given the above estimated losses to roadways, hotels, airports, and sea ports, some
counfries will incur high population displacement costs. In the Bahamas, these
relocation costs were estimated to be US$5.6 - US$11.3 billion in 2050 and US$11.7 to
US$32 billion in 2080. These costs include relocating seaports, airports, tourist resorts,
property, power plants and infrastructure. Haiti's costs are in the range of US$1.8 and
US$4.3 billion in 2050 and US$4.6 — 17.2 billion in 2080 Simpson et al. (2010).

Bueno et al. (2008) developed similar cost estimates for the Caribbean region in a
“business as usual” scenario. These costs were based on a methodology of comparing
an opfimistic scenario (rapid stabilization/low impact) with a pessimistic scenario (high
impact/business as usual). The difference between the cost estimates for these two
scenarios was regarded as the cost of inaction. Along with the effects of sea level rise,
the cost of inaction related to hurricane damages and tourism losses were also

calculated. Estimated costs of inaction for Trinidad and Tobago stood at 16% of GDP.

Caribbean islands are completely surrounded by water and development is
concentrated along the coast for many of these islands. Therefore, observed rising sea
levels, from 10 fo 20 cm during the 20" century is of concern (Singh, 1997). With each
centimetre, shoreline will retreat by several meters resulting in loss of land. The natural

result could be flooding during storms for cities that are poorly drained and low-lying.

Coastal lagoons and estuaries may lose productivity due to saline intrusion and
flooding. There are also possible implications on ocean acidity. With increased
hydrogen ions in the ocean (about 30% increase), existing coral reefs are at risk. By
2050, a reduction of between 14 to 30% in calcification rates of corals could be
experienced due to higher carbon dioxide absorption (IPCC TAR WG2, 2001). The
tourism and fishery industries of some islands could be affected. Both the diving industry
and the local fisheries depend on healthy reefs for their survival. According to Lewsey et
al. (2004), the distinct physical effects of sea level rise includes: the emergence of low-
lying wetland and dry land areas; erosion of soft shores by increasing offshore loss of
sediment; increased salinity of estuaries and aquifers; rising coastal water tables and
increased and more coastal flooding and storm. Along the line of this finding, ECLAC
(2010) employed a Change of Land Use and its Effects — Small Scale Model (CLUE-S)
and concluded that by 2100 roughly a third of forest cover will be lost, as well as up to
80% of savannahs, shrub land and natural pasture. In this case, land loss could be a
factor of agricultural expansions. The loss of trees has implications for carbbon stick. By

2050, the current carbon stock of 3,564 mega-tonnes will be reduced by 72%.

The infrastructural planning in most developing countries is severely lacking. Scatter
settlements are becoming more common in the urban areas. Due to poor planning,

these structures are vulnerable to extreme weather events such as hurricanes and rising



sea level. This frend is expected to continue as long as coastal urbanization and
unconfrolled development continue. Lewsey et al. (2007, p. é) indicated that “a
majority of the population centres, agricultural areas, tourism infrastructure, ports and
other maijor sites for industrial and commercial activity are located in the coastal zone;
many in low-lying floodplains that are vulnerable to flooding from hurricanes and SLR
(sea level rise)”. Coastal infrastructure destroys the natural buffers against weather
events. The construction of harbours, channels, etc. can affect the photosynthesis
process of coral reefs and sea grasses by decreasing the water quality. In some cases,
mangroves are cleared for coastal development. This removes the ecosystem’s natural
buffer against flooding. Some beaches are mined for sand, which increases

vulnerability to flooding since it erodes landforms.

The agricultural sector is a major income earner in most developing countries. Current
frends indicate lowered productivity due to climate related phenomena. The growth
and development of crops and even the variety of crops that can thrive are both
affected. The EI-Nino Southern Oscillation (ENSO) has been associated with lower
precipitations that lead to a delayed rainy season, an increase mean temperature and
lower cloud coverage (ECLAC, 2010). The overall impact of climate change on the
agricultural  sector can be manifested through increased carbon dioxide
concentration, extreme weather events, availability of water resources and changes in
temperature and precipitation. To empirically test these possible effects, ECLAC (2010)
used an econometric method of Ordinary Least Squares (OLS) to estimate the effects of
climate change on indices of the agricultural sector, crop and livestock production. The
results suggest that under both A2 and B2 scenarios, the agricultural crop index could
fall by 9% and 3%, respectively by 2100, implying a reduction in the value of agricultural

outputs with rise in mean annual temperatures.

The agricultural sector is affected by sea level rise, intense rainfall, severe flooding,
landslides and erosions which are expected effects of climate change. Simpson et al.
(2010) estimated that the loss of agricultural lands will be at a cost of between $370
million in 2050 and about $2 bilion in 2080. Haiti will be worst affected with costs
amounting to US$700 million to US$1.8 billion in 2080. The agricultural sector will be more
affected by saline infrusion than by temperature change (Lewsey et al., 2004). In terms
of forestry, natural forests are at greater risk from human actfion than from climate
change given current frends of deforestation although forests are still vulnerable to
either extreme flooding or extreme drought. Also, climate change could be
accompanied by increased incidents of pest and pathogens and forest fires. With the
impending effects of climate change on the agricultural sector, food security is

threatened. If food production is reduced, the law of demand and supply guarantees



an upward pressure on prices. The poor and the most vulnerable in society will be most

affected by rising food prices and reduced access to food.

Increased temperatures will have associated impacts on food, coastal settlements,
health, ecosystem and water system. ECLAC (2010) noted that with rising temperatures,
there may be increased water availability in moist tropics and high latitudes but
decreasing water availability and drought in mid-latitudes and semiarid low latitudes.
This translates to increased water stress for millions of people. Up to 30% of the region’s
species are at risk of being extinct while increased carbon bleaching will be
experienced. With increased incidents of flood and storms, about 30% of global
wetlands will be lost. This will exacerbate flooding yearly. Other “observed trends
include the replacement of wet ecosystems with dry ones; the replacement of
hydrophilic vegetation with no-hydrophilic species in wetlands; the displacement of
montane, low-montane, and pre-montane pluvial forests; changes in the sub-Alpine,
pluvial uplands and wet tropical forests, as well as the appearance of very dry fropical
forests and dry pre-montane forests” (ECLAC 2010). Due to rising temperatures, growth
of trees will be hampered and their ability to sequestrate carbon and produce oxygen
will be hindered. This feeds into the loss of habitat for species and the emergence of

new evasive species and disease vectors.

Regarding health, there is a link between respiratory diseases and temperature and
moisture. Chen et al. (2008) outlined a few studies that established this link. A direct link
was found between daily values of the geomagnetic index and adults receiving care
for asthma crises, showing a nonlinear relationship between solar variability and such
patients. Attempts have been made to show a relationship between solar activity and
myocardial infarctions. Studies also sought fo establish a link between dengue fever
and ftemperature in the English speaking Caribbean. There may also be increased
burden from malnutrition, diarrhoea and infectious diseases. Rising temperatures will
increase morbidity and mortality from heat waves, floods and droughts. All these will
present substantial burdens on the health system (ECLAC, 2010).

Climate change will affect energy demand in several ways, including an increase in
energy demand due to increase use of air conditioning and cooling machinery. In
addition, in terms of energy generation, impacts from climate change include
decreases in the efficiency and capacity of natural gas or oil-fired combustion turbines
or steam cycles due to increased temperatures. Power lines can also be affected by
higher temperatures, since, under high temperatures, reinforced steel cables in power
lines lose their tensile strength, expand, and begin to sag, which may put them close to
obstacles that were before out of reach of these lines. In terms of variability in

precipitation, thermal power plants use a significant amount of water in the electricity



generation process. In periods of severe drought, the energy sector will need to
compete with other sectors of the economy for the limited water resources available,
causing stress on the economy as a whole. In terms of sea level rise, a significant
amount of generation infrastructure in the Caribbean is located near the sea and is at
risk of being damaged by flooding or erosion. Lastly, much of this infrastructure is also

vulnerable to extreme weather events (Martin et al, 2013).

The table below shows a summary of the potential effects of climate change in Trinidad

and Tobago:
Table 12: Potential effects of climate change by sector in Trinidad and Tobago.
Source: Prepared by the authors.
=  Warmer weather from high temperature will cause soil
aridity, lead to proliferation of pests and diseases, and put
. pressure on water resources for water for irrigation purposes.
Agriculture

= Sealevelrise will cause inundation and soil desalination.
= The combined impact is low agricultural yields, decrease in
food production and higher food process.
= Higher temperature will increase spread of vector diseases.
Human Health = Decrease in rainfall will affect potable water supply.
= Sealevelrise will cause increases in water borne diseases.
= Increase in frequency and intensity of storm surge will cause
more flooding and disrupt or destroy coastal settlements.
Human settlements = Increase in frequency and intensity of storm surge and
extreme rainfall will cause damages to infrastructure from
flooding and erosion.
= Sea level rise will lead to increased inundation, increased
erosion, loss of wetlands, loss of ecosystems, and
Coastal zones displacement of coastal communifies.
= High temperature will result in loss of coral reefs and
reduction in fish stock.
= Increase in femperature will result in increased
evapotranspiration and loss of available surface water.
Water resources = Decrease in precipitation will reduce groundwater and
aquifer recharge.
= As an effect, available water resources will be reduced.
= Infrastructure, including field installations and offshore
operations, are at risk of inundation from sea level rise, storm
surges and erosion from extreme rainfaill.
=  Water shortages in the country may affect the needs of the
industry in ferms of energy generation.
= Infrastructure damages due to extreme weather events.

Energy sector

Both Trinidad and Tobago face the same hazards, even if the effects of those hazards
would be substantially different in each island. Therefore, the actions needed to

mitigate them are the same for both.

Energy is vital for every society. Most countries heavily depend on fossil fuel based

energy which makes them vulnerable to internatfional oil price movements. Energy



demand is expected to increase as a result of climate change. For Central America, a
baseline scenario predicts that by 2100, hydrocarbons and other fossil fuels will
dominate total demand with almost 80% used for energy generation and transportation
(ECLAC, 2010).

The Government of the Republic of Trinidad and Tobago is taking the issue of climate
change seriously and has taken steps to address it. A Natfional Climate Change Policy
was finalized in 2011 and Trinidad and Tobago is currently finalizing its Second National
Communication to the United Nations Framework Convention on Climate Change
(UNFCCC). Also, a sustainable development plan was developed for the country in
2012 (Ministry of Planning and the Economy, 2012). These documents contain policies,
programmes and strategies that the government is pursing or infends to pursue to
address climate change and the progress made towards the goal of achieving
development within the context of sustainability. They also highlight the constraints and

challenges faced by the country in relation to climate change.

The challenges confronting the government in its climate change adaptation and
mitigation response are similar to those faced by other SIDS. The two major constraints

are:
e Dearth of relevant climate change data
e limited technical capacity in identifying the impacts of climate change

These constraints limit the government’s ability fo adequately plan its climate change

adaptation and mitigation response.

In the next sections of this document, the economic implications of climate change on
Trinidad and Tobago will be analyzed. As a result, an assessment of the economic losses
expected in the future due to the effects of climate change in Trinidad and Tobago will

be developed.

Secondly, this document also focuses on how to reduce those effects, proposing
different actions for the country. These actions have been selected taking intfto account
the previously explained characteristics of the country, the economic fabric of Trinidad

and Tobago and the necessities of its inhabitants.

Lastly, this document analyses the costs and benefits of the proposed measure. These
costs and benefits are then analyzed through several economic and multi-criteria tools
in order to understand the in order to better understand the feasibility of each

proposed action.



3.2. Methodological overview

The ECA methodology is one of many approaches available for analysing the
economic impacts of climate change. Although the different approaches are based
on sound economic theory, they tend to emphasize different aspect of the climate
change issue depending on the primary goal of the methodology (i.e., the questions
that the approach is aimed at providing answers for). When categorized according to

this primary goal, the methodologies include:

Table 13: Classification of methodologies to assess the economic implications of climate
change adaptation.
Source: Prepared by the authors.

Models of global economic cost of = Stern Review, 2007.
climate change mitigation/adaptation =  World Bank, 2010

Models of economic costs of climate
change impacts at the regional, national
and sectoral levels

= ECLAC 2009a.
= ECLAC 2010.

Models of economic costs of climate
change adaptation at the national and
sectoral levels

=  ECA Working Group, 2009.
=  World Bank, 2010.

=  Metfroeconomica, 2004.
=  Van Beukering et al., 2007.
= Department of Economics, UWI, 2008.

Guidelines on costing of the impacts of
climate change

3.2.1. The Stern Review

With its global perspective on the issue of climate change, the Stern Review (Stern,
2007) belongs to the first category of models. The methodology employed in the Stern
Review cenfres on welfare economics by classifying greenhouse gases (GHGs) as an
externality and the climate as a public good. GHGs in the atmosphere contribute to
climate change and climate change has detrimental effects on livelihoods and the
sustainability of many economies. In the current circumstance, climate is a public good
that benefits everybody and no one is held accountable for the emission of GHGs. The
Stern Review describes this situation as a market failure and proposes a correction to
the global climate economy where market for emissions is created. This methodology

involves two three main steps:

o Estimate the social cost of carbon on the margin (SCC), i.e. the cost to the
society (world) now and in the indefinite future of emitting an additional unit of
GHGs



e Estimate the marginal abatement cost (MAC), ie. the cost of

removing/preventing an addition unit of GHG in the atmosphere
e Find the level of emission abatement that equates SCC and MAC

The point of equality between SCC and MAC specifies the optimal level of GHGs
abatement that the global community must pursue in its attempt to mitigate the effects
of climate change. For any period in time, SCC is higher than MAC at lower levels of
GHG abatement. As the level of abatement increases, SCC falls while MAC rises. The
optimal level of abatement is that at which SCC is equal to MAC, representing a point
identical to the optimal point of consumption in consumer theory where marginal cost
(MAC) is equal to the marginal benefit (SCC). In this case, the cost of abating an exira
unit of GHGs is equal to the benefits from having reduced concentration of GHGs in the

atmosphere (equivalent to the SCC avoided). .

The Stern Review's methodology addresses climate change mitigation and noted that
the optimal level of abatement will vary depending on the GHG emission scenario and
the technical progress achieved in abatement. The risk and uncertainties inherent in
climate change were also addressed by realizing that the costs and benefits of climate
policy could not be predicted with certainty. In as much as The Stern Review
emphasized the benefits of adaptation and policies that would promote the adaptive
capacities of different economies, no explicit cost-benefit analysis was performed for

adaptation measures given the global nature of the study and the focus on mitigation.

3.2.2. Economics of Adaptation to Climate Change (EACC)
Methodology

The Economics of Adaptation to Climate Change (EACC) study conducted by the
World Bank (2010) had dual objectives:

¢ Estimate adaptation costs for developing countries

o Assist decision makers in developing countries to understand and assess the risks
posed by climate change so as to better design strategies to adapt to climate

change

The first objective takes a global perspective in estimating costs of climate change
while the second focuses on providing guidance on adaptfation measures to
implement. In addressing these objectives, the EACC methodology involves the

following steps:



o Define a development baseline and establish a growth path till the year 2050 for
each sector (and for the macro economy for the second objective) based on
GDP and population forecasts for 2010-2050. This baseline represents a state

without climate change

o Define two climate scenarios representing extremes of dry and wet climate
projections. These scenarios represent the two climate change scenarios that

will be used to assess the cost of climate change adaptation

o Use the baseline, dry and wet scenarios to predict what the world would look
like under a no climate change situation and under the two climate change

conditions

¢ Compare the state of the world under each of the two climate change
scenarios with the state of the world under the baseline scenario to establish

welfare change

o Identify adaptation measures that if implemented will restore welfare in a

climate change scenario to the pre-climate change status

e Estimate the costs of implementing these measures and the cost of any residual

damage from a changed climate

e Add the costs of implementation and residual damages to get an estimate of

the cost of adapting to climate change

e Additional for the second objective, perform investment analysis to establish the

net benefit of adaptation measures

The EACC methodology is developed around the Intfergovernmental Panel on Climate
Change (IPCC)’s projections that the global annual temperature will be 2°C above
pre-industrial levels by 2050 and that with warmer atmosphere, the world will
experience more intense rainfall and other weather extremes that include more
frequent and more intense droughts, floods, and heat waves. These climate change
effects will essentially erode social welfare and the costs of actions taken to adapt to
the new world to maintain welfare or minimize welfare loss constitute the economic
cost of climate change adaptation. This approach does not isolate specific hazards for
analysis but involves performing vulnerability assessment of sectors when applied af the

country-level.



3.2.3. ECLAC Framework

Most studies addressing climate change adaptation have been regional in nature and
the ECLAC studies on the economics of climate change in Cenfral America (ECLAC,
2010) and in Lafin America and the Caribbean (ECLAC, 2009a) are part of this group of
studies. Both of these regional studies followed the same methodology and covered
selected sectors in different countries in the sub-regions. The methodology involves the

following steps:

e Specify a baseline scenario of economic activity. This is based on historical
frend of economic performance and involves the projection of economic
growth according to this trend without taking info account the impacts of

climate change (i.e., a no climate change scenario)

e Use IPCC's A2 and B2! emission scenarios to project economic performance of

different sectors

o Compare economic performance projections under the A2 and B2 scenarios to

the projected performance under the baseline scenario

e The difference in the trajectories of economic growth between the baseline
scenario and A2 and B2 scenarios represents the costs (or benefits) of climate

change

Using this approach, the economic impacts of changes in temperature, precipitation
and sea level were estimated for different sectors in Central America, South America
and the Caribbean. Although the benefit of adaptation was discussed and policy
options for pursuing adaptive strategies suggested, no cost-benefit analysis of

adaptation measures were presented in the two studies.

The Review of Economics of Climate Change in the Caribbean (RECCC) project
executed by ECLAC addressed the gaps in the regional studies by incorporating cost-
benefit analyses. Trinidad and Tobago was covered in the RECCC project with focus
on the agriculture (ECLAC, 2011a), energy (ECLAC, 2011b), and health (ECLAC, 2011c)
sectors. The sectoral studies followed the same methodology used in the ECLAC
regional studies by specifying a baseline scenario for economic activities in each
sector. The baseline frajectory was then projected to the year 2050 and compared
with the frajectories under the A2 and B2 emission scenarios. The economic impacts of

climate change was then estimated as the difference in the cost of operating on any

' The A2 scenario depicts a situation of high greenhouse gas emissions but with relatively weak global
environmental concerns to curb emissions whereas the B2 scenario represents a low emissions trajectory with
increased concerns for environmental and social sustainability (ECLAC 2009b).



of the climate change scenarios as opposed to following a baseline trajectory of no

climate change.

The agriculture sector study looked at the impacts of temperature and precipitation on
the yield and output of major crops and fisheries. The energy sector study looked at the
impact of temperature on electricity demand while the health sector study looked at
the effects of temperature, rainfall and humidity on the spread of diseases. All the
studies provided cost-benefit analysis of adaptation measures applicable to the sector
but with varying degrees of details. One limitation of these studies is the lack of any
analysis on the impact of sea level rise. The studies were also not based on an

assessment of the “total climate risk.”

3.2.4. The Economics of Climate Adaptation (ECA) Framework

The ECA Working Group (2009) proposed a framework that quantifies the total climate

risk faced by a nation. This involves three main steps:

¢ An assessment of the total climate risk facing the country. This entails identifying
the climate hazards facing the nation, assessing the vulnerability to these
hazards and estimating the value at risk in terms of human lives and
infrastructure under a no climate change scenario. The impact of climate
change is then assessed by examining the additional risks and vulnerability and
the value at risk from a moderate and a high climate change scenarios. This
provides for a comprehensive documentation of the risks that climate change

presents to the economy.

e An accurate understanding of measures or available options to address these
risks. This process involves identifying the various climate change adaptation
measures available to address the risk posed by the hazards and quantifying the
cost of implementing them. The benefit of putting these adaptation measures
in place is also estimated and a cost-benefit analysis performed for each
suggested opftion.

e Prioritization of the most effective measures and integration into country’s
development plan. The final step involves using the results of the cost-benefit
analyses to inform decision making by itemizing adaptation measures in the
order of effectiveness. This itemization allows adaptation measures to be
classified as cost-saving, cost-effective or cost-ineffective. The prioritization is
only an aid in decision making and decision makers may incorporate other
criteria, e.g. affordability, in making decision on what options to integrate in the

countries sustainable development plan.



The ECA framework has been applied by CCRIF in the Caribbean region but Trinidad

and Tobago was not covered in that study.

3.2.5. Guideline on Costing the Impacts of Climate Change

The studies done by Metroeconomica (2004); van Beukering et al., (2007) and the
Department of Economics, University of the West Indies (UWI) (2008) form another
group. This group of studies is narrower in focus and geared ftowards providing
guidelines on how to estimate costs once the impacts of climate change have already
been identified. Studies in this category discuss the methodologies of estimating costs
for market-based goods and non-marketed goods that may be impacted by climate
change. They also discuss the important issues of discounting and offered templates for
performing cost-benefit analysis.  While these studies do not present a unique
methodology on the Economics of Climate Adaptation per se, they provide useful tools
that can be employed in the calculation of costs and benefits regardless of the

methodology adopted.

A snapshot comparison of this methodology with other methodologies discussed in this

review is presented in the following table.
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Due to the objectives of this project, the Economics of Climate Adaptation (ECA)
methodology and the Economics of Adaptation to Climate Change (EACC)

methodology were the outstanding candidates.

The Economics of Adaptation to Climate Change (EACC) study conducted by the
World Bank (2010) had dual objectives:

o Estimate adaptation costs for developing countries

e Assist decision makers in developing countries to understand and assess the risks
posed by climate change so as to better design strategies fo adapt to climate

change

The first objective takes a global perspective in estimating costs of climate change
while the second focuses on providing guidance on adaptfation measures 1o
implement. The EACC methodology is developed around the Intergovernmental Panel
on Climate Change (IPCC)’s projections that the global annual temperature will be 2°C
above pre-industrial levels by 2050. The expected climate change effects will essentially
erode social welfare; the economic cost of climate change adaptation is measured as
the costs required to adapt to the new world in order to maintain welfare or minimize
welfare loss. This approach does not isolate specific hazards for analysis but involves

performing vulnerability assessment of sectors when applied at the country-level.

The Economics of Climate Adaptation (ECA) Framework was proposed by the ECA
Working Group (2009). It is a framework that quantifies the total climate risk faced by a
natfion. It involves three main steps: an assessment of the total climate risk facing the
country; an accurate understanding of measures or available options to address these
risks; and prioritization of the most effective measures and integration into country’s
development plan. The ECA framework has been applied by Caribbean Catastrophe
Risk Insurance Facility (CCRIF) in the Caribbean region, but Trinidad and Tobago was

not covered in that study.

As can be inferred from the characteristics of the methodologies, there are several
differences between the EACC and ECA methodologies. Even though both have the
same objective of determining the economic impacts of climate change and
identifying cost-effective adaptation measures for implementation, the process to
reach that objective varies. Particularly, differences are found in two aspects. Firstly, the
EACC does not analyse specific climate risk while the ECA is built around identifying
those specific hazards upon which a counftry’s vulnerability can be assessed. Secondly,
under EACC, the cost of adaptation is measured based on what it will cost in

adaptation expenses to restore welfare to the pre-climate change level, while, for the



ECA, cost of adaptation is the cost ot implementing adaptation measures to address

the risk that climate change poses.

Additionally, the ECA approach is not limited by welfare consideratfion. Instead, it is
guided by the need to adapt to the risks that climate change poses. It is possible that,
affer adapting, welfare rises above or falls below the pre-climate change level;
however, that should not be construed to imply having over-adapted or under-
adapted. The ECA framework relieves the decision maker of the additional burden of
choosing “how much to adapt” as is required under the EACC methodology. In
addition, by employing the total climate risk approach, the ECA framework is able to
more precisely assess the potential economic loss facing a country from idenfified
climate hazards, geographical areas, populations and economic sectors that are most
atrisk. With cost-benefit analysis being an integral part of the framework, policy makers
are provided with evidence-based recommendations on the adaptation measures
that can be adopted and implemented to address the risks posed by and ameliorate

the effects of climate change.

For these reasons, the ECA was selected at the beginning of the project as the most
appropriate  methodology to estimate the economic cost of climate change
adaptation in Trinidad and Tobago. As shown in the diagram below, the methodology

consists of five different stages.



Figure 2: Methodological development of the ECA approach.
Source: Economics of Climate Adaptation, CCRIF.
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Amidst these challenges, studies of the economic impacts of climate change in select
sectors have been done under ECLAC’s Review of Economics of Climate Change in
the Caribbean (RECCC) project. These studies covered the agriculture, energy and
health sectors but are limited in the scope of vulnerability or hazards considered.
Although Trinidad and Tobago is located at the southern end of the Hurricane Belf,
making it at a lower risk of a direct hit by hurricanes and relatively unscathed in
comparison to other Caribbean countries, it has suffered periodically from floods (and
droughts) and its coastal settflements are threatened by rising sea level. These facts call
for a new approach to analysing the impacts of climate change than has previously
been applied. This new approach considers the total climate risk facing the economy
by identifying the climate hazards and the full range of possible impacts, which may
not necessarily be limited to a specific sector. The costs of these impacts on the
economy are then estimated to provide a measure of the economic consequences of
identified risks of climate change. The costs of implementing available and proven
adaptation measures to address these impacts are then compared with the benefits to
enable decision makers to prioritize options available to them in addressing climate
change. This total climate risk approach to the Economics of Climate Adaptation

(ECA) as proposed by the Economics of Climate Adaptation Working Group (ECA



Working Group, 2009) will be applied in the current Study of the Economics of Climate
Adaptation in Trinidad and Tobago.

The ECA framework has been applied by the Caribbean Catastrophe Risk Insurance
Facility (CCRIF) in assessing the impact of climate change on specific economic sectors
of selected Caribbean states. Countries covered in these studies include Anguilla,
Antigua and Barbuda, Barbados, Bermuda, Cayman Islands, Dominica, Jamaica, and
St. Lucia with focus on impacts on infrastructure (including housing), fourism and
services from wind, inland flooding and coastal flooding risks. The assessment also
included the impacts of climate change on the agriculture sector of Belize and
Jamaica (CCRIF, 2010).



3.3. Data Requirements and Availability in Trinidad and

Tobago

The ECA framework is data-infensive and requires climate, demographic and
economic data. Historical climate data and data on local weather events are
essential in the assessment of the total climate risk. This includes historical data on
temperature, precipitation, sea level, and wind speed. It also includes historical data
on extreme weather conditions and natural disasters such as hurricanes, flooding,
drought and earthquakes. Data on these variables will permit an assessment of the
climate hazards facing the country and the added risks posed by these hazards due to
climate change. Inisolating the impact of climate change, climate change scenarios

will have to be built using local data.

Demographic data on the population, density and settlement patterns as well as data
on the location of important infrastructure are essential in determining vulnerability and
the value of assets af risk of these hazards. Future climate change scenarios will alter
the frequency and severity of these hazards and consequently modify the country’s

vulnerability fo these hazards.

Economic data are required to aid in estimating the value at risk and the economic
costs of climate change. The quantification of costs and benefits of adaptation

measure also requires data on economic variables.

The variables on which data are required for each broad category are itemized in the
following table. The sources of data and an indication of the availability of data are

also included on the table.

Table 15: Description of Data Needs for the ECA Study in Trinidad and Tobago

Climate Data

Temperature Meteorological Services Available and already
sourced

Precipitation Meteorological Services Available and already
sourced

Sea level Meteorological Services Available and already
sourced

Wind Meteorological Services Available and already

sourced



Extreme weather events

(drought, flooding, hurricanes,

earthquakes)

Demographic Data
Population by parish

Density by parish

Economic Data

Gross Domestic Product
(GDP)

Sector's share of GDP

Inflation rate

Exchange rate
Production in each sector
Economic loss to the

economy from extreme
weather events

Meteorological Services;

Office of Disaster
Preparedness and
Management

Central Statistical Office

Central Statistical Office

Central Statistical Office;

Central Bank
Cenftral Bank

Central Statistical Office;

Central Bank
Central Bank

GORTT Ministries

International Emergency

Disasters Database

Available and already
sourced

Available and already
sourced
Available and already
sourced

Available and already
sourced

Available and already
sourced

Available and already
sourced

Available and already
sourced

Available

Available and already
sourced

Economic loss by sector from GORTT Ministries Unavailable
extreme weather events
GIS maps of location of major  Ministry of Planning and the Unknown

infrastructure Economy

Based on the data scoping exercise already performed, a fair amount of the required
data is available but there are still data gaps that need to be addressed. These gaps
relate mainly to the location of critical infrastructure and the economic loss to specific

sectors due to past extreme weather events.



3.4. Sectoral Overview

3.4.1. Sectoral Analysis.

Trinidad and Tobago is a high income country with the following characteristics2:

e Per capita Gross National Income (GNI) of US$22,400 in 2012

e GDP of US$23.99 billion in 2012 (World Bank).

e Hydrocarbon-based economy

e Petfroleum sector contributed almost 47% of the GDP and accounted for 85% of
the merchandise exportsin 2011

o Only 3.2% of the labour force is employed in the petfroleum and gas sector.

e The highest proportion (60%) of the labour force is employed in the services
sector

o The construction and agriculture sector employ 16.7% and 3.7% of the labour
force, respectively

e Unemployment stood at 4.9% in 2011

o Only 5.6% of the population is reported to be below the poverty line in 2006

Although Trinidad and Tobago is a high income country with low levels of poverty, there
is a geographical dimension in the distribution of poverty. The figure below shows a
map of the distribution of poverty by administrative area. As shown on the map,

poverty is low in Tobago and high in the eastern and southern parts of Trinidad.

Trinidad and Tobago conducted its most recent census in 2011 revealing that the twin-
island nation has a population of 1,328,019 people, representing a 5.2% increase over
the 2000 population census figure. Trinidad is more densely populated with a
population density of 263 per sg km compared to Tobago's population density of 203
per sq km. The three most densely populated municipalities are all located in Trinidad

and are:

e City of Port of Spain 3090 per Sg Km
o City of San Fernando 2570 per Sg Km
e Borough of Arima 2801 per Sg Km

2 GNI and GDP figures are from World Banks’ World Development Indicators. Other statistics are
from the 2012 Annual Economic Survey of the Cenfral Bank of Trinidad and Tobago, except the
poverty statistic that is from the Human Development Atlas 2012 published by the Central
Statistical Office.



Figure 3: Distribution of Multidimensional Poverty, Trinidad and Tobago, 2006
Source: Ministry of Planning and the Economy (2010b): Human Development Atlas 2012.
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Conversely, none of the parishes in Tobago has a population density above 1000 per sg
km. A map of the population density by administrative area is presented in the figure
below. This map provides an indication of the extent of loss that could arise from
climate hazards in different areas of the country as a result of population concentration

and associated economic activities at these locations.



Figure 4: Population Density by Administrative Area, Trinidad and Tobago 2011

Source: CSO (2012a): Trinidad and Tobago 2011 Population and Housing Census: Demographic
Report.
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3.4.2. Determination of Sectoral and Locational Focus of Study

As an energy-producing country, energy exports, whilst contributing to economic
growth of Trinidad and Tobago, have created other developmental challenges in the
form of land degradation and water and air pollution (GORTT, 2010). Although Trinidad
and Tobago's total emissions of CO2 is less than 0.1% of the global emissions, according
to the World Bank's World Development Indicators, the country has the second highest
per capita emissions. This can be attributed to its small population and economic
dependence on hydrocarbons. However, the government is implementing a number
of programmes and initiatives in the energy and transport sectors to reduce its carbon
footprint. In addition, the government is strengthening its adaptive capacity to cope

with climate change.

With warming temperatures, climatic conditions will portray more erratic patterns in the
form of increased and intensified rainfalls and tropical cyclones. Generally, the
Caribbean is characterized by wet and dry seasons. The wet season, between June

and December can experience up to 65% of yearly rainfalls. This is usually as a result of



the weather systems such as the Inter-Tropical Convergence Zone and passing easterly
waves and fropical storms. Over the past years, the Caribbean has been experiencing
increased incidents of climatic incidents. In 2005, the highest ever sea surface
temperature was recorded, 2004 and 2005 also had unprecedented active hurricane

seasons and 2009 to 2010 saw severe and widespread drought (Pulwarty et al., 2010).

In Trinidad and Tobago, climate change is expected to impact the agriculture sector,
human health, human seftlements, coastal zones and water resources (Ministry of
Planning and the Economy, 2012). In addition, the energy sector is expected fto be
impacted (Singh and El Fouladi, 2006). The specific vulnerability and anficipated

impacts are highlighted as follow:

e Agriculture sector
o Warmer weather from high temperature will cause soil aridity, lead to
proliferation of pests and diseases, and put pressure on water resources for

water for irrigation purposes
o Sealevelrise will cause inundation and soil salination

o The combined impact is low agricultural yields, decrease in food

production and higher food prices

¢ Human Health

o Higher temperature will increase spread of vector diseases
o Decrease in rainfall will affect potable water supply
o Sealevelrise will cause increases in water borne diseases

e Human Settlements
o Increase in frequency and infensity of storm surge will cause more

flooding and disrupt or destroy coastal settlements

o Increase in frequency and intensity of storm surge and extreme rainfall

will cause damages to infrastructure from flooding and erosion

e Coastal Zones
o Sea level rise will lead to increased inundation, increased erosion, loss of

weftlands, loss of ecosystem, and displacement of coastal communities

o High temperature will result in loss of coral reefs and reduction in fish

stock

e Water resources



o Increase in temperature will result in increased evapotranspiration and

loss of available surface water
o Decrease in precipitation will reduce groundwater and aquifer recharge
o These willhave combined effect of reducing available water resources

e Energy sector
o Infrastructure, including field installations and offshore operations, are at
risk of inundation from sea level rise, storm surges and erosion from extreme

rainfall.

o Water shortages in the country may affect the needs of the industry in

terms of energy generation.

o Infrastructure damages due to extreme weather events.

The risks posed by climate change in the context of these vulnerabilities could be
magnified or diminished based on settlement patterns. As shown in the figure above,
the western and northern coastlines of Trinidad are more densely populated than the
eastern or southern coastlines. In the case of Tobago, only the south-eastern region of

the island is fairly densely populated.

Another useful indicator could be the exposure databases used in the Country Risk
Profile (CCRIF 2013) that were designed specifically to provide acceptable estimates
for losses from hydro-meteorological and geophysical hazards suffered by physical
assets in the territory. The spatial exposure distribution responds to a similar pattern of
population, being the most exposed areas Port of Spain and its surroundings and the

area of San Fernando, that host an important industrial activity.

This Country Risk Profile was developed at a more detailed scale, and hence a lower
aggreggate methodology was developed. Instead of measuring aggregate exposure
through inference of past observed damages recorded as a national aggregated
value, a detailed catalogue of buildings was developed and a technical vulnerability
analysis was individualliy developed and hence differences can be observed: a) mulfi
risk analysis is offered for seismic, wind and floodings for each cathegory of asset. b) a
detailed fieldwork was developed to locate this categories of assets in GIS, be it private
owned or public infrastructures. However, the analysis developed for Hurricanes and
wind storms may have been also different and is probably causing some quantitative
discrepancies in the results. As can be read in the IDB (2013) the hurricanes damage

analysis is based in the formulas provided by ATC -13 and on a “Hazard Assesment”



technical report not available for this team at the moment this document is written. As
a conseguence the overall damages aftributed to an specific Hurricane can be
different due to the different return period attributed in the extremes distribution for the

same hurricane severity within each population.

Another important issue to consider derives from the fact that a fop down damage
accounting approach represents a summary of actual damages computed, whereas
a boftom up methodology may produce some double counting effect. The actual
event represented by a hurricane is essentially a combination of extreme events on
wind, waves and flooding and the analytic combination of the three distributions can
produce some misguiding totals. First because the peak damage migth be different
from the mere overlapping of the three maxima and it is the combined event the one
that shoud be considered. In this study the 100 years return period event has a unique
size with a joint distribution function for all the relevant consequences and hence a
wind event for a specific refurn period might be associated with a flood event

associated with a different return period.

Consequently different estimates for the joint distribution may produce different results
for damages return period. And finally a mere additive process for different damages
may produce a double counting because the damage suffered by the asset subject to
a combination of the three drivers can infroduce not only a non probability equalized
result (already described) but a pure double counting if some of the damages occur
on an already deteriorated asset. (i.e. you cannot destroy the same house twice but
distribute the asset damage over the different sources) or if the presence of one driver
increases the impact of the other (i.e. the wind stops protection easures against

flooding to be taken)

Nevertheless the spatial distribution of aggregated results from both analysis is
essentially compatible as far as it si based in the same basic damage inventory series
(CCRIF 2013) and any differences can be attributed either to the diferent
methodologies (fop down vs boftom up), or the inherent uncertainty of weather

prediction in the long run.

When historical records of hazards in the past five years are considered, the more
densely populated areas of Trinidad have been impacted more severely with flood
and landslide constituting the most prevalent types of hazard. The figure below shows

the map of the distribution of hazards and the level of impact by administrative areas.



Figure 5: Map showing Distribution of Hazards by Administrative Areas (2006-2011)
Source: Ministry of Planning and the Economy (2010b): Human Development Atlas 2012.
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The next figure shows a map of landslide susceptibility for Trinidad while a map of flood
suscepftibility for Trinidad is presented in the figure provided afters. These maps again

indicate that, in general, the more densely populated areas are more susceptible o
the hazards of landslide and flood.

3 Landslide and flood susceptibility maps for Tobago are current unavailable.



Figure 6: Map showing Landslide Susceptibility for Trinidad

Source: Ministry of Planning and the Economy (2010b): Human Development Atflas 2012.
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Based on the foregoing and supported by the government’s idenfification of the
country’s vulnerability, the Economic of Climate Adaptation in Trinidad and Tobago
study has idenftified the following as the climate hazards facing Trinidad and Tobago

and on which risk assessment will be performed.

e Hurricanes
o Wind
o Flooding
o Landslide
o Storm surge
e Sea level Rise
o0 Inundation
o Flooding
o Erosion

o Drought



Figure 7: Map showing Flood Susceptibility for Trinidad

Source: Ministry of Planning and the Economy (2010b): Human Development Atlas 2012.
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Similarly, based on available information, the locations of likely high impacts and
greater value at risk as a result of dense population and of physical assets

(infrastructure) are identified as follows:

e City of Port of Spain, Trinidad (high population density; concentrated economic
activities; physical assets)

e City of San Fernando, Trinidad (high population density; commercial interests)

e Borough of Arima, Trinidad ((high population density; commercial interests)

e Chaguanas, Trinidad (high population density; residential assets)

e Point Fortin, Trinidad (high population density; PETROTRIN location)

e Diego Martin, Trinidad (high population density; commercial interests)

e Tunapuna/Piarco, Trinidad (Intfernational airport)

e San Juan/Laventille, Trinidad (residential assets)



o St. Andrew, Tobago (high population density; concentrated economic
activities)

o St. David, Tobago (residential assets)

CCRIF (2013) presents the risk profile of Trinidad and Tobago under hurricane and
earthquake hazards, providing losses for the country at different probabilities of
occurrence (more precisely referred to as probabilities of exceedance). Trinidad and
Tobago is prone to both hurricanes and earthquakes, with earthquakes ground shaking
and liquefaction being the greatest risk. Tobago is more prone to hurricane activity,
while the areas around Port of Spain in Trinidad are more prone to earthquake risks.
Building codes are good but not always enforced, and may be insufficient to avoid

major damage from a large quake.

3.5. Conclusions

A variety of approaches have been applied to studies of Economics of Climate
Change with each methodology emphasizing either mitigation or adaptation.
Methodologies that have been applied to estimate the cost of climate change
adaptation have generally been regional in focus and omitting the much needed
evidence-based recommendations on what adaptation measures decision makers
should consider for adoption and implementation in their development planning
process. The Economics of Climate Adaptation (ECA) framework proposed by the ECA
Working Group addresses this limitation as well as the World Bank's Economics of
Adaptation to Climate Change (EACC) methodology does. However, the EACC
requires the decision maker to choose “how much” of an adaptation they would
pursue. The ECA framework does impose this additional burden on the decision maker
and is thus regarded as an ideal methodology for costing climate change adaptation
in Trinidod and Tobago. In addition, the ECA framework uses a total climate risk
approach that allows for identification of hazards from climate change, the value at
risk for specific locations or sectors and the vulnerability of the location or sector within
an economy tfo these hazards. Consequently, the ECA methodology has been

adopted for the current ECA study in Trinidad and Tobago.

Based on the review of literature and evaluation of available data, the following

hazards have been identified as posing climate change risks to Trinidad and Tobago:

e Hurricanes
o Wind



o Flooding

o Landslide

o Storm surge
Sea level Rise

o Inundation

o Flooding

o Erosion

Drought

The impacts of these hazards are expected to be felt in the following sectors:

Agriculture sector

Human Health

Human Settlements (including infrastructure)
Coastal Zones

Water resources

Energy Sector

Due to the expectation of high value of human lives and physical assets at risk in these

locations, the selected areas of focus for the assessment of adaptation costs are:

City of Port of Spain, Trinidad
City of San Fernando, Trinidad
Borough of Arima, Trinidad
Chaguanas, Trinidad

Point Fortin, Trinidad

Diego Martin, Trinidad
Tunapuna/Piarco, Trinidad
San Juan/Laventille, Trinidad
St. Andrew, Tobago

St. David, Tobago

Upon the determination of the costs of adapting to hazards posed by climate change,

cost benefits analysis of adaptation measures will be performed. Cost benefit analysis

will result in the itemization and ranking of adaptation measures as cost-saving, cost-

effective or cost-ineffective. The prioritized list will serve as an objective aid in assisting

policy makers to make decisions on what options to integrate in Trinidad and Tobago's

sustainable development plan.



3.6. Risks

The main objective of this task is the characterization of the environmental risks borne
by T&T society; the exposure to climate change generated risks in the country and
provide a basic framework to describe the socio-economic characteristics of this

society.

e In this sub-section a specific focus is expected on “the identification, for Trinidad
and Tobago, of the key economic sector in terms of GDP generation and
employment as well as the idenftification of the main hazards and exposure to
these hazards (assets at risk and their valuation For this purpose, to characterize
the socioeconomic framework the demographic evolution of T&T in the last
decades will be initially reviewed in order to produce a systematic scenario for
the society in the coming years. At a second step focus will be put on the basic
macroeconomic equilibrium for the economy and its evolution. From this point
on, the situation on the main economic sectors in the economy will be
reviewed, eventually developing an initial diagnosis on its susceptibility to
climate change.

e To characterize the hazards and exposure a review will be developed about the
environmental conditions of the islands and the eventual changes derived from
climate change. For these purpose initial focus will be put on the list of hazards
selected by the team, which is at present being reviewed by local experts and
the IDB supervisors.

e Once this work has been completed, and depending on the availability of GIS
layer data from local sources, a spatial diagnosis on vulnerability and hazards
will be initially implemented so that broad estimates can be produced for

relevant hazards, the risk drivers and the affected activities and assets.
3.6.1. Risk assessment approach

The objective of this sub-section is to provide the general framework used to determine
the effects of climate change associated to different natural hazards in the Republic of
Trinidad and Tobago. These effects are quantified in terms of Risk (hereafter also named
Expected Consequences or Expected Damages). Several hypothesis, simplifications
and definitions needed to be able to solve this complex and multidisciplinary problem

are described following:



= The "fime"” unit to evaluate Risk, R, is the year; therefore expected annual
consequences or expected annual damages (EAD) will be obtained, as is

usually approached in risk analysis.

= The risk is defined in terms of hazard probability, exposure and vulnerability,

following the risk triangle concept (see the figure below):

Figure 8: Triangle of Risk

Source: (Scheneiderbauer et al., 2004.)

exposure

= The definition of the concepts of the risk triangle are:

o Natural hazard: Natural process or phenomenon that may cause loss of
life, injury or other health impacts, property damage, loss of livelihoods
and services, social and economic disruption, or environmental

damage.

o Exposure: People, property, systems, or other elements present in hazard

zones that are thereby subject to potential losses.

o Vulnerability: The characteristics and circumstances of a community,
system or asset that make it susceptible to the damaging effects of a

hazard.

o Risk: The combination of the probability of an event and its negative
consequences as a result of the combination of the hazards, exposure

and vulnerability characteristics.

= The conceptual S-P-R-C approach will be used to evaluate how the Sources
or Threats (precipitation, temperature, heat waves, droughts, waves, tide,
storm surge, mean sea level, river discharge, run-off, wind, water availability,
landslides) through the Pathways (the bio-physical domain) affect the
Receptor (Population, Economical Sectors, Ecosystems, Infrastructure, Health)

generating Consequences (economic, social, environmental, affected



population, life casualties, land losses). Some variables are direct sources
(temperature, precipitation, sea level, waves), and others are indirect (heat

wave index, drought index, coastal flooding extent, landslides).

Different hazards will be analysed, i.e. flooding, landslides, wind events, water

availability, droughts, etc.

Consequences (or Damages) may have different units (quantitative values or
gualitative indices): Economical damage (€); Social damage (life-loss);
Environmental damage (biodiversity index); Casualties (number of people);

Loss of land (KmZ2); and Affected population (number of people).

Consequently, economical, social, environmental, casualty, loss of land, and
population risks, will be obtained as measures of the different dimensions of
risk. All these dimensions could be aggregated using any multicriteria
analysis, weighted by different experts (by means of a Delphi Panel) and

decision makers.

Consequences can also be defined in terms of Vulnerability (V) and Exposure
(E), C=V:E (For example, this approach allows the definitions of density of

damage (€/Km?2) for vulnerability and exposure (Km?2))
Baseline risk of our analysis is defined as R(To)

Risk for a future climate scenario is defined as R(T)

The effects of climate change are quantified obtaining the absolute risk
differences R(tt)- R(10) or relative risk differences (R(t)- R(10))/ R(t0) . The
uncertainty will also be quantified.



3.6.2. Identification of the main natural hazards

Water Cycle and extreme meteorological events are generally accepted as the main
drivers for climate change impacts (Alavian et al, 2009). In order to synthesise the origin
of the primary natural hazards affecting Trinidad and Tobago, in terms of geophysical
variables, and the impacts associated to them the scheme shown the figure below is
introduced. Concerning to droughts, geophysical variables as temperature and
precipitation are considered, and focus will be made on how changes affect to the
water resources deriving in drought in extreme events. Noted here that the increase of
temperature due to climate change involves an impact by itself, affecting different
economic sectors, In the case of hurricanes sea surface temperature (SST) and sea
level pressure (SLP) will be selected as the geophysical variables driving the tropical
cyclones and extreme events of hurricanes. The direct effects of the hurricane are
heavy rainfall, sfrong winds and storm surge in the coast. The wind can directly impact
on infrastructures, settlements or services, generating damages in roofs, electricity or
telecommunication lines. The intense rainfall can trigger inland flooding and in
combination with that landslides where the conditions of the soil are not stable. Finally,
the storm surge in the coast and waves generated by the hurricane combining with the
mean sea level (MSL) and the astronomical tide (AT) will generate coastal flooding. The
main natural hazards considered in this study, hurricanes and droughts are shown in red

boxes, while the impacts generated by these hazards are shown in orange ones.

Figure 9: Main sources of risk for T&T

Source: IH Cantabria.
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Once the most at risk have been selected the most relevant hazards will be defined,
answering the question on the risk they are exposed to. The aim is to identify the natural

hazards susceptible to suffer the effects of climate change.



The most significant natural hazard risk in the Caribbean is hurricane risk, particularly
because of the possibly large span of territories which can be impacted by any single
event (CCRIF 2013). Although Trinidad and Tobago is not in the main Atlantic hurricane
belt the potential to be hit by hurricanes still remain as happened in the past by a

number of fropical cyclones and the direct impact of two hurricanes since 1850.

A tropical cyclone is a storm system characterized by a low-pressure centre and strong
winds typically forming over large bodies of relatively warm water. The tropical cyclones
affecting Trinidad and Tobago are usually formed between 9°N and 30°N in the Aflantic
basin comprising the North Atlantic Ocean, Caribbean Sea and the Gulf of Mexico.

Depending upon wind speed near the centre of the circulation they are classified as:
= Tropical depression: the sustained winds at the earth’s surface are <62 km/h.

= Tropical storm: the sustained winds at the earth’s surface are in the range of
63 km/h to 118 km/h.

= Hurricane: the sustained winds at the earth’s surface are greater than 118
km/h.

Based on the above classification a hurricane is supposed to be an extreme event of a
tropical cyclone. The Atlantic hurricane season extends from June 15t to November 30th
but Trinidad and Tobago is affected generally during the months of August and
September (see the figure below). However, tropical storms have been known to affect
the islands outside the season, such as the cyclone "Alice” which lasted from
December 30 in 1954 to January 5 in 1955 (Meteorological Services of Trinidad and
Tobago, 2002).



Figure 10: Zones of origin and tracks for hurricanes
Source: NOAA.
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Strong winds, heavy rainfall and storm surge are some direct hazards associated with
hurricanes and fropical cyclones. In the figures below, an example can be observed of
the numerical modelling that IH Cantabria is developing in the frame of this project
concerning to hurricane derived hazards and impacts. In the first figure the wind field
generated by hurricane Ivan (September 7th 2004) in the area of Trinidad and Tobago is
shown while the second figure shows the associated storm surge and waves.
Combining the information of the three panels one can see that the most intense storm
surge in the island of Trinidad was found in the Gulf of Paria when the eye of the
hurricane was displacing north-eastward. At 11 pm the storm surge observed in the
coasts of Port of Spain, San Juan — Laventille, Chaguanas and San Fernando reached 3
m of height. On the confrary, atf this time of highest storm surge level, the waves in the
Gulf of Paria were insignificant, due to the sheltered natural location. At this time the
highest waves were found in the northeast face of the island of Trinidad, up to 8 m of

significant wave height in Diego Martin region.



Figure 11: Wind field generated by hurricane Ivan in September 7th 2004
Source: NOAA.

Mapa viento [km/h]; IVAN 07-Sep-2004 23:00:00

Figure 12: Free surface (left panel) generated and Waves (right panel) by hurricane Ivan in
September 7th 2004 (at 23:00)

Source: NOAA.
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Other secondary hazards which can generate important damages to the socio
economic and natural system are also derived from these exireme events. Inland
flooding generated by the intense rainfall, coastal flooding caused by the storm surge
or landslides as a result of the combination of rainfall and flooding are the main impacts
of hurricanes that affect the Republic of Trinidad and Tobago. Furthermore, the

exposure to these hazards determines the vulnerability from some areas opposite to



others. Low-lying areas such as Port of Spain, Chaguanas, San Fernando or the south of
Sangre Grande are more suscepftible fo coastal flooding as can be seen in the flood

susceptibility map.

On the other hand, unstable lands will be susceptible to landslides when heavy rainfall

or flooding occurs . The landslides can affect settlements on slopes or on unstable soils.

Based on the analysis of the key economic sectors for Trinidad and Tobago droughts
have also been identified as a primary natural hazard susceptible to climate change
that can bring severe impacts in the agriculture. When considering drought fo
agricultural impacts the focus is placed on precipitation shortages, soil water deficits,
and reduced ground water or reservoir levels needed for crop irrigation. Besides on the
agricultural sector, other impacts on society, due to famine and disease outbreak and
environment, and environment, such as habitat loss due to forest fires, point at droughts

as a primary natural hazard in Trinidad and Tobago.

Drought is a quiet hazard that can cover extensive areas and last for many years, with
devastating impacts on agriculture, water supply and the environment. The intensity,
duration and timing of droughts share characteristics with other natural hazards, such
as floods, earthquakes and tornados. But in comparison to these hazards droughts tend
fo start slowly, last for a long time and cover vast areas of the Earth (Sheffield and
Wood, 2011). The simplest definition of drought is a deficit of water relative to normal
condifions that is governed by the hydrological cycle. The major components of the
hydrological cycle are precipitation, evaporation, run-off and snow, soil and
groundwater storage. When there is no precipitation during a period of time, the
storages of water (in the land surface and in the ground) reduce and there is less water
available for use. This reduce comes from evaporation back info atmosphere, drainage
to lower soil layers, recharge to aquifers, export to rivers or abstraction by humans.
However, in the scientific literature droughts are typically classified intfo four major types,
depending on its impacts: meteorological drought, hydrological drought, soil moisture

or agricultural drought and socio-economic drought.

The last severe drought experienced in Trinidad and Tobago lasted around seven
months, starting in October 2009 and extending into the first quarter of 2010. (Office of
Diaster Prepardedness T&T). During this period rainfall was reduced in the 75 % related
to the average precipitation and several impacts such as bush fires, incidences of crop
failure and flash flooding during some spell of post-drought rainfall were the
consequences of this exireme event. Other reported drought conditions occurred
during the periods 1997-1998 and 2002-2004.



Figure 13: Drought index in Trinidad and Tobago during the last century.

Source: Sheffield 2013
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3.6.2.1. Data bases and information required

Once the natural hazards have been identified next steps imply the obtaining of a
damage function for every impact defined and the definition of scenarios of change.
Hurricanes and droughts are extireme natural events that involve social, economic and
environmental damages, most of the times expressed as economic losses. Changes in
the future conditions (intensity, frequency and duration of the event) will involve
changes in the economic consequences. However, the success of the study relies on
the reliability, homogeneity and long-enough data records. A description of the
databases available for this study and the necessity of further information will be

provided below.

The North Atlantic hurricane database (HURDAT)

The characterization of current condifions of hurricane events requires a library of
historical hurricane tracks and intensities. The database used comes from the U.S.
National Hurricane Center and is called the North Atflantic hurricane database
(HURDAT). This database contains the é-hourly center locations (latitude and longitude
in tenths of degrees) and intensities (maximum 1-minute surface wind speeds in knots
and minimum central pressures in millibars) for all Tropical Storms and Hurricanes from
1851 through 2012 (Jarvinen et al. 1984; Landsea et al. 2004, 2008). Using this information
current conditions of hurricane events will be assessed in terms of intensity and
frequency. Besides, the natural variability of these extreme events will be carried on
frying to assess long-term trends in order to set a base for the design of future climate
scenarios. The figure below shows the hurricane tracks from Atlantic HURDAT database

and the tracks of some Atlantic storms.



Figure 14: Hurricane tracks from Atlantic HURDAT database and the tracks of some Atlantic
storms

Source: HURDAT.
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Simple Ocean Data Assimilation (SODA 2.2.4)

In order to properly characterize hurricane and drought hazard sea surface
temperature from the Simple Ocean Data Assimilation dataset (SODA) will also be
used. Hurricanes are mainly driven by the temperature gradient between the warm
fropical ocean surface and the colder upper atmosphere, which means that the main
geophysical variables to take into account are sea surface temperature and pressure.
Climate change is affecting these variables leading to changes in the intensity and

frequency of the hurricanes.

SST fields will be used as a predictor of the hurricanes, rainfall and droughts
(predictand). Besides, relationships will be assessed of the predictands with primary low
frequency variability patterns in the area such as El Nino or the Tropical North Atlanfic.
This database is a new global ocean reanalysis from 1871 to 2008 and its version 2.2.4
represents the first assimilation run of over 100 years and uses the 20Crv2 winds
(Whitaker et al., 2004; Compo et al., 2006, 2008). The ocean model is based on Parallel
Ocean Program physics with an average 0.25°x0.4°x40-level resolution. Observations
include virtually all available hydrographic profile data, as well as ocean station data,
moored temperature and salinity fime series, surface temperature and salinity
observations of various types, and nighttime infrared satellite SST data. The output is in
monthly-averaged form, mapped onfo a uniform 0.5°x0.5°x40-level grid. The reanalysis

provides three types of variables, those well constrained by observations, those partly



constrained by dynamical relationships to variables frequently observed, and those
poorly constrained such as horizontal velocity divergence. It is worthy noting that SODA
aims at improving upper ocean reanalysis, likely because data below 1000m is limited.
For more information about the SODA product, see Carton et al. (2005) and Carton
and Giese (2008).

Rain-gauges

In order to evaluate representative rainfall in Trinidad and Tobago rain gauges will be
used. After having processed the available rain gauges in the area two of them have
been selected, which provide the longest and ungapped records of total daily
precipitation, La Regalada and Piarco stations. La Regalada station is elevated 300 m
above the sea level while Piarco is above mean sea level. The hill facing on which the
gauge is located and the surrounding topography are determinant factors affecting

the total precipitation that can be detected.

Table 16: Characteristics of the rain gauges used in this study

Source: CSO
Piarco 1980-2011 61°20.104'W 10° 34.569'N 13 m.a.s.l.
La Regalada 1950-2011 61°17.760'0 10° 41.244'N 299 m.a.s.l.

The figure below shows the daily rainfall in Piarco and La Regalada rain gauges. The

grey areas show the gaps in the time series.

Figure 15: Daily rainfall from Piarco (up) and La Regalada (down) rain gauges.

Source: CSO
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Droughts

As described above, drought conditions depend on a range of variables such as
precipitation, evaporation or soil moisture. In this study a drought index kindly provided
by Dr. J. Sheffield has been considered which already includes all this information. The
database consists on a boolean monthly index with 1 value for drought conditions and

0 in normal cases. The time series of the drought index spans from 1901 onwards.

This information will be used to study natural variability, duration and frequency of
current drought conditions, and to set the base for the projected scenarios of climate

change.

Damage function

The expected damage caused by hurricane events in T&T will be assessed through a
damage or loss function that relates the wind speed, precipitation or other parameter
of hurricanes with the damage. This relationship is complex and difficult to model
explicitly so observed damage from past storms and its relation with meteorological
parameters or impact variables will be very valuable information. Tropical cyclones
affecting the islands since 1725 to 2000 have been documented and the damages
caused, in some scattered cases. This valuable report shows the impacts and historical
damages caused by tropical cyclones in the islands due to strong winds, rainfall, storm
surge in the coast and landslides (see table below). The accuracy of the damage
estimates will rely on the historical information available, which allows establishing a
better loss function. As shown in the following table, only a few tropical cyclone
damages are reported so, unless further information will be provided, estimated

damages will require cautious interpretation.
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3.7. Socioeconomic analysis

3.7.1. Demographic analysis

The evolution of demographic variables of Trinidad & Tobago can be observed in the

following table.

Table 18: Basic demographic parameters
Source: ECLAC CSO.

1960 5.24 37.62 8.8 63 843,000 +11,423
1965 4.39 35.7 7.62 56.9 896,000 -69,698
1970 3.54 26.73 7.32 51.5 971,000 -23,521
1975 3.45 27.5 7.60 46.4 1,012,000 -54,033
1980 3.34 28.88 7.59 42.4 1,082,000 -39.241
1985 3.05 27.09 7.35 39.7 1,178,700 -23,325
1990 2.45 21.44 7.04 36.8 1,215,500 -62,078
1995 1.87 16.2 7.02 34.2 1,261,400 -23,649
2000 1.64 14.54 7.57 32.1 1,289,100 -19.757
2005 1.62 13.12 7.98 29.9 1,311,400 -19.806
2010 1.64 14.59 8.12 27.7 1,331,400 -19.806

As can easily be observed, T&T society shows a clear demographic tfransition fowards a
modern society with a dramatic reduction in fertility that has dropped to a 1/3rd of the initial
value from 1960 to 2000, and shows a stationary behavior from that moment on. This
demographic fransition anficipates the progressive slowdown in birth rate that has been
divided by 2.5 in the same period. (See the figure below). As a result of this path a parallel
slowdown is expected for population growth that will eventually result both in an ageing
society and in a reduction in population for the future. It can be easily understood that the
population previsions for the next 40 years show a reduction in the proportion of potentially
active people (% 15-65 years) from a maximum in 2010 (71.9%) to a much lower value by
2050 (58.2%). At the same time the average age in population that was 20 years old by 1975,
is expected to reach 44 years old by 2050. At present the society is enjoying what has been
described as a demographic bonus with a peak on the potentially active labor resources,
and this situation will require an increase in productivity in the economy to maintain the rent
level (partially compensated by population reduction). This dramatfic change in the
demographic structure of the society is a key parameter to consider in any scenario for

future economic performance of the society.



Figure 16: Comparative Demographic Piramides T&T

Source: ECLAC
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3.7.1.1.  Macroeconomic equilibrium of Trinidad &Tobago

Production and Growth:

Economic growth in T& Tobago has evolved during last 20 years showing a highly variable

path in the figure below:

o Affer 1992 crisis a sustainable growth path can be observed until 2000 reaching a top
8% in 1998

e From 2001 the economy has suffered high variability in closed connection with oil
volatility market. Growth has oscillated between 14% and 4% within a period of 5
years causing high instability to income

e From 2007 , this variability has confinued to exist but in more dangerous range

between -4.1 and -4.5



Figure 17: Annual Growth rate T&T GDP (2005 US$S)
Source: ECLAC.
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It can be concluded that this economy has increased its connection with global economies
in general and in particular with energy markets, and it has been severely destabilized by
global economic oscillations. The exchange rate has been stable since 1997 (6,21 T1$/US$)
for a value of 6.37 TT$/US$ at present

The consequences of this situation can be observed in the evolution of inflation in the figure

below.
Figure 18: Evolution of inflation and core inflation T&T
Source: ECLAC.
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Three consequences can be derived from this data, first the strong impact of oil prices in the

inflation rate that desestabilizes internal demand and savings. Second the high level of



inflation observed (up to 12%). A six years period with rates above 7% can be observed along
the last decade with an acummulated loss of 65% in purchasing capacity of savings. This
represents a very weak incentive to encourage savings. And third it can be observed that
the volatility of oil prices is directly fransmitted to core inflation showing a high rigidity of
internal sector to adapt to cost shocks. A 4% shock in global inflation produces a 3.6 % shock

in core inflation. This can be the result of lack of competition in markets, and lack of scale in

production firms.

From a different point of view, the aggregate macroeconomic accounts show a distribution
by sectors with the trends observed in the following table that confirm our previous argument

on the dependency of the economy on oil industry activity.

Table 19: Basic productive structure % GDP T&T
Source: CBTT.(2012)

Agriculture 0.4 0.6 0.6 0.6 0.6
Petroleum 50.8 34.6 42.7 46.8 43.7
Manufacturing 4.0 5.8 5.4 5.8 6.0
Electricity and Water 0.9 1.5 1.4 1.3 1.3
Construction 8.3 11.3 7.2 5.8 5.0
Transport, Storage and 40 59 53 48 5.4
Communication

Distribution 12.1 14.8 13.7 12.9 13.8
Finance, Insurance and Real 8.9 19 13 N 1.0
Estate

Government 7.1 9.2 7.9 7.5 8.7
Other Services 4.4 6.3 6.0 6.4 0.0
FISIM 2.9 -4.5 -4.4 -3.8 -3.9
PLUS: Value Added Tax 3.4 4.2 4.6 3.3 4.2
TOTAL 100.0 100.0 100.0 100.0 100.0

The sector with the highest confribution to GDP is the Oil and gas industry whose wedge
moves in the range from 35 to 50 % of GDP. The second is the distribution industry that moves
in a range between 12 and 15%, followed by Finance and insurance, Services provided by

the government and Construction. Agriculture has dropped to a value below 1%

This structure shows the typical behavior for a dual economy, with an increasing wedge of
Petroleum industry, that reaches 50% of GDP on 2008, and a set of ordinary industries whose
demand depends on the available income whose evolution is connected with oil prices. As

a consequence the GDP shows a volatile growth rate (reductions of 30% in 2008).

Demand and Rent:




If the demand side of GDP is reviewed, the following characteristics can be observed: (See

table below)

Private Consumption can also be quite volatile, a range of variations between 10%

and -9% can be observed. Hence firms’ expectations for investments face high risk

levels and no estimates are expected to guarantee long term investments in the

private sector.

Public consumption is rather stable although social protection policies may force a

steep rise in the future.

Both exports and imports show a volatile frend and a rather high value so the external

balance can be fragile. Internal production industries will be eventually required to

deal with future shocks due to substantially different scenarios when oil and gas

deposits would be finished.

Table 20: Distribution of GDP by expenses
Source: CSO (2008_1)

Government
final 6,140.5 7,548.0 11,884.7
ST 11.95% 13.7% +22.9% 7,652.3 1.37% 9,042.0 18.16% 9,584.5 12.50% +24.00
expenditure
Private final
consumption | 24802 268644 | ge79 | 327864 | 22.04% | 33.690.5 43,8693 484315 | 0.40%
h 57.39% 47.8% 50.94%
expenditure
Gross capital 8,622.7 14,694.2 14,748.7
formation 16.78% 2079 70.42% 12,735.7 13.32% 17,926.3 13,906.3 15.51% +6.06%
Exports of
30,421.0 30,428.4 61,315.3
goo:ds and 59.09% 55 3% 0.02% 28,299.0 -7.00% 36,872.1 30.29% 45,480.7 645 +34.81%
services
Less: Imports
(-)23,293.8 (-)24,527.8 25,183.4 26,812.2 33,014.7 41,323.2
of goods and -45.34% (446% | SF% | saam | 2% | 37919 TS 41.35% ()43.47% | T21¢%
services
Expenditure
on Gross
Domestic 51,370.6 55,007.2 7.08% 56,290.0 2.33% 70,718.7 +25.63% 79.826.1 95,057.0 +19.08%
Product

If the distributional aspects of this economy are reviewed (See table below) it can be
observed that the redistribution mechanisms are not working adequately, and
compensation to employees is decreasing its relative value in the economy until it reaches a

level that may easily compromises future economic stability.

The consequence of this structure is clear, future costs derived from climate change and
required social protection as social security, should be either levied on workers or on firms. If
the first alternative is adopted the impact on consumer’s income will reduce its quota even

more, hence compromising social welfare (Mendelsohn, et alt 2006). It should be noted that



the welfare impact of an additional cost is inversely proportional to the income level and so
damage suffered by people with V2 average Income reduce people’s welfare by double
than the average. If the costs are levied on the firms surplus, who are appropriating 2/3 of
GDP as rent, their possibilities to move to a different area where the costs are smaller will

probably be their best option.

Table 21: Distribution of GDP by perceived income
Source: CSO(2008_1)

Compensation | 19,177.1 | 21,265.4 21,508.0 23,890.1 26,526.8 29,323.1
of employees 37.3% 38.7% 109% | “3801% 0% 338% JIL7 33.3% 11.0% | “30.85%
Operating 232639 | 236738 24,0732 33,1551 40,006.3 51,584.0
surplus 45.3% 43.1% 1.8% 2.7% 1.7% 46.8% 37.7% 50.1% 207% | 54979
Consumption 5,692.1 6,370.6 6,678.6 9,475.7 8,597.0 10,025.2
of fixed capital 11.1% 11.6% 5% | 19% e 13.4% A% 10.7% 93% | 10.54%
Taxes on
r 1,931.6 20714 2,244.4 2,581.9 2,754.8 2,891.0

Production and 3.8% 38% 7.2% 4.0% 8.4% 3.7% 15.0% 3.4% 6.7% 3.04%
Imports

e ()721.4 5527 | 615.1 748.4 1,229.7 1,714.7
Less: Subsidies ()1.4% 1.0% 23.4% 11% 11.3% 11% 21.7% | 5% 64.3% | 8%
Plus: Value 2,027.3 21787 2,400.9 23643 3,170.9 2,948.4
Added Tax 3.9% 4.0% 7.5% 43% 10-2% 3.3% -1.5% 39% 341% | 319
Expenditure on
Gross Domestic | 51,370.6 | 550072 | 7.1% | 562900 23% 707187 | 256% | 79,826.1 129% | 95,057.0
Product

It should be noted that the most recent data are presented for 2005, better results might

easily have been obtained it the last 8 years that mitigate the situation.

10.5%
28.9%

16.6%

4.9%

39.4%

-7.0%

19.1%



3.7.1.2. Sectorial Economic Analysis

To determine the sectors that should be included in the Economic-Environmental Climate
Change scenario fo be built, it will be taken info account the importance of the activity,

both based on size and on social impact, and the sensitivity to climate change.

Our first analysis will focus on the Oil and Gas industry whose size (approximately 50% of GDP),
instability due to evolution of prices, estimated future performance due to the increasing

importance of energy in the future, and sensitivity to climate change justifies this priority.

The first comment that can be suggested points to the volatility of the income obtained. The
dependence on internatfional prices has confributed to iregular paths that may cause

financial problems to T&T society.

The second point to focus on is related with the availability of reserves, as can be seen in the
following graphics, the available proven reserves of Gas are decreasing steeply and hence
at present extraction rate the expected horizon for the activity goes no further than 2023. For
oil production the figures are slightly more optimistic but the horizon remains within the next
decade (2029). Obviously these proved reserves may increase in the future due to the
discovery of new deposits, but the tradition of the industry in the area and the small size of

the country makes this possibility doubtful.



Figure 19: Annual consumption and proven reserves for Oil and Gas T&T

Source: EIA.
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The third issue to consider relates with the sensitivity of operational costs in the oil and gas
industry to extreme weather conditions. About this, the maturity of the industry and the age
of the facilities have to be considered in order fo take info account the climate change

impact on the economic scenario of T&T.

The second sector to be reviewed is agriculture, because of its sensitivity to climate change

and ifs social importance.

As can be observed in the tables on page 92, the contribution of agriculture to GDP has

decreased from an initial value of 2.1% by 1995 to a 1% 2005 and 0.6% for 2012. This relative



loss Is derived on one hand from the already described growth in oil industry, and on the
other for the effective decrease on the magnitudes. At current prices, 2009 agricultural GDP
has the same value as used to in 1996 due to an 80% of accumulated inflation for the period
(ECLAC, 2009).

The main crops to be analyzed are obtained from the Central Statistical Office and the IDB.

Figure 20: Key Commodities in agriculture
Source: CSO 2004

Bananas & Root Crops

25.20% 30.20% m Poultry & Eggs

Dairy, Beef, Pork &
Other Meats
Fishing

20.10%
Other Domestic
Agriculture

4.50%
This reduction can derive from a reduction in the agricultural activity and the reassignment of

resources to other uses, be it natural uses or economic activity.

The main “factors” that contribute to the agriculture production function are, water and
temperature, available land and soil characteristics, fertfilizers, capital stock and technology
advances (quality of seeds...)

About temperature and water supply, an estimate has to be obtained covering both the
past evolution and the future scenarios, so that future production estimates can be obtained
for the main productive crops (Finger, R. and S. Schmid. 2007). See the figure and table

below.



Figure 21: Evolution average rainfall and temperature T&T

Source: ECLAC.2011
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Table 22: Projected changes in climatic variables Central America

Source: IPPC.
Season Changes in temperature (Centigrade)
2020 2050 2080
Dry +0.4t0+1.1 +1.0t0 +3.0 +1.0 to +5.0
Rainy +0.5t0+1.7 +1.0 to +4.0 +1.3 to +6.6
Changes in precipitation (Percentages)
2020 2050 2080
Dry —7 to +7 —12to+5 —20to+8
Rainy —10to +4 —15to+3 —30to+5

The second factor is the soil used for agricultural activities. About this issue attention should

be paid to three different questions. The first one is that, in order to calibrate the impact of

climate change, it is critical to understand the spatial distribution of agricultural activity o

discriminate spatial distribution of damages. If GIS is not available average values per

departments will be used.



Figure 22: GIS Data on Agricultural activity T&T
Source: ECLAC.2011

Legend
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With this data, production functions will be checked against changes in the situation derived

from climate change. (Finger, R. and S. Schmid, 2007)

Figure 23: GIS Data on Agricultural Holders T&T
Source: CSO(2004)
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The second question is the evolution of productivity of soil that will be checked comparing
the evolution land area with the evolution of crops harvested using FAO and Official

statistical supplied from Trinidad & Tobago CSO (Figure above and table below).



Year 1980
Agricultural Land Area 101,00 77,00
Arable Land Area 60,00 36,00
Permanent Crops Area 35,00 35,00
Forested Area n'a 240,70
Total Area Equipped for Irrigation 3,00 4,00

Table 23: Agricultural land in TST
Source: FAOSTAT.

1990 2000 2008
67,00 54.00
35,00 25,00
25,00 22,00
233,60 227,84
5,00 7.00

The third question to consider is related with the topographical characteristics of harvested

land that will produce different sensitivity to erosion derived

from water rainfall. This will be

obtained from GIS sources if available. (Baban and Sant, 2005) (Mahabir and Nurse 2007)

Other industrial activities will be analyzed and the economic structure should be reviewed

(Harris 2000). Further on the identification of their specific sensitivity to climate change based

on temperature sensitivity and water consumption will be analyzed.

Figure 24: GIS Data on Industrial Activities
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Table 24: Distribution of activities at subsector Level(1)

Source: CSO(2008_1)

8
TABLE 8. GROSS DOMESTIC PRODUCT BY KIND OF ACTIVITY (SUB-INDUSTRY LEVEL) - TTSNA
(CURRENT PRICES)
$TT million
Activity 2000 2001 2002 2003 2004 2005 2006
(1 @) (3) (4) (5) (6) (M)
00. Export agriculture 20.9) 10.8] 194 14.1 15.8 14.4 18.1
01. Domestic agriculture 3776 413.0 469.4 426.6 471.5 479.2 4841
Bananas and root crops . 1211 158.8] 179.0) 132.3] 134.9 145 .4 152.9
Poultry and eggs ... 56.6] 66.7 80.2 T5.8 89.7 82.7] 85.8
Dairy, beef, pork and other meat 39.3 40.8 252 42.5 31.9 16.5 15.5
Fishing 80.8 83.6) 98.8 81.0 87.8 1191 100.7
Other domestic agriculture 79.8 63.1 86.3) 89.6 99.4 115.5 126.2
02. Sugar industry 298.7] 284.0 298 4 2339 242.0 1331 2032
Cane farming and cultivation 226.7] 175.3] 183.5 128.7] 48.4 7.5 4.7
Sugar companies -67.6 -64.0| -57.9 -100.0] 67.6 -50.2] 257
Distilleries 139.6 172.7 172.8 205.2 126.0 145.7] 1428
03. Petroleum industries 16,072.9 15,558.8 14,765.0, 25,6107 29,848.8 39,813.4 51,600.1
Exploration and production ... 8,959.4 8,686.4 7.,950.7] 14,888.7) 18,260.6) 22,690.8 286755
Refineries 2,821.0 2,399.3 2,657.1 4,608.4 4,329.3) 6,312.6| 85354
Service contractors 7257 753.3] 1,087.0) 1.480.7| 1,752.8 2,258.0 2,879.7
Marketing and distribution
of petroleum products 1.371.6) 1,550.2 1.425.4 1,360.5 1,666.6 2,528.0 5,084.1
Petrochemicals 2,182.0 2,144 5 1,721.9 32439 3,803.7 5,973.6 6,351.1
Asphalt 13.2 251 22.9 28.2 35.8 50.4 64.3
Manufacturing . 3.625.4 4,074.4 4,494.1 4,495.3] 5,330.5 5,955.5 6,491.8
04. Food, drink and tobacco 1,686.9] 1,921.1 2,001.8] 1.812.1 1,984.9 2,2191 26291
Meat, poultry and fish processors 427 85.2 53.4 774 99.0 112.2 821
Miscellaneous food etc. 326.0 398.3 324 g 403.5 408.9 403.1 3997
Fruit, vegetable processors and
non-alcoholic beverages 1524 253.0 229.6) 213.0 295.5 317.8 4353
Grain and feed mills 231.2 2117 229 3] 206.3 222.9 234.9) 264.0
Animal and vegetable oils 144.7 234.8 359.0 247 275 284 29.0
Bakeries 1931 131.0] 119.8 142.7] 162.1 197.3 2139
Tobacco and breweries 596.8 637.1 686.3] 744.4 769.0 925.4 1,206.1
05. Textiles, garments, footwear
and headwear 1123 107.0] 96.6 83.6 89.4 101.5 107.4
Textiles 14.0) 13.0 14.0 13.7 14.4 18.7 8.0
Headwear and clothing 91.3) 874 79.8 66.2] 69.0 79.8 94.6
Footwear 7.0 6.6 2.8 a7 6.0 6.0 4.8
06. Printing, publishing and paper converters 390.5 4141 454.8 537.7 574.4 659.8] 715.2
07. Wood and related products 127.3 125.6| 116.3) 136.3| 146.5 162.0) 170.1
08. Chemicals and non-metallic
Minerals 687.0) 698.8 761.6] 903.6 986.5 1,102.2] 1,244.9
Industrial gases 93.5) 3.1 96.3 136.0| 144.3 158.1 163.3
Pharmaceuticals 471 86.0] 122.4 156.5] 155.8 178.3 193.8
Clay etc. 432 37.9 73.0 100.9] 113.5 122.5 154.9
Cement 227.8 196.2 243.0 269.5 307.5 315.8] 3443
Concrete 159.1 154.0] 114.6 128.2] 136.2 163.6§ 201.2
Glass products and
plastic products for construction 116.3 131.7 112.3) 112.5] 129.2 163.9) 187.4




Table 25: Distribution of activities at subsector Level(2)

Source: CSO(2008_1).
9
TABLE 8. GROSS DOMESTIC PRODUCT BY KIND OF ACTIVITY
(SUB-INDUSTRY LEVEL) - TTSNA - Cencluded
(CURRENT PRICES)
$TT million
Activity 2000 2001 2002 2003 2004 2005 2006
(1 @) (3) ) (5) 6 )

09. Assembly type and related industries 404.9 589.2 853.4 826.2 1,321.5 1,456.4 1,355.3

Metor vehicle assembly and

related industries 22.9 41.8 411 85.6 61.5] 54.6 49.4

Assembly of appliances and

electronic items 79.3 109.8 103.5] 174.0] 206.2 240.2 256.4

Boat building etc. 28.2 20.4 148 6.2 15.3] 19.0 218

Metal building 205.9 329.6 581.5] 449.4 906.6 988.8| 8401

Metal furniture - 11.0 13.3 22.3 22.5 23.6 29.1 27.9

All other metal products 57.§ 74.2 90.4 88.5 108.3] 124.7] 150.7
10. Miscellaneous manufacturing 216.5 218.6] 209.6] 195.8] 227.3 254 5 269.8

Services .| 31,1639 34,603.7 36,030.1 40,066.8| 43,635.3] 48,902.6 55,909.0
11. Electricity and water 888.2) 880.6] 802.6] 896.3 924.8 891.8 866.7
12. Construction and guarrying 38331 4,353.3 4,002.1 5,197.0 6,184.3 7,730.5 9,085.7

Construction 3,759.5 4,276.8 4,022 4 5,109.9 6,003.9 7.640.1 9,495.3

Quarrying 73.6 76.5 69.7] 871 90.4 90.4 90.4
13. Distribution services including restaurants 8,401.8 8,724.3 9,286.7 9,901.9 10,623.5 12,211.8] 13,426.8

Trade 7,690.8 7,957.7 8,471.2 9,038.2 9,717.5) 11,004 8| 12,1220

Restaurants 711.0 766.6] 815.5) 863.7 906.0 1,207.2 1,304.8
14. Hotels and guest houses 217.0 235.9 2554 265.0 310.0 357.2 347
15. Transportation, storage and communication 44104 55715 5,657.9 5,668.7 5,779.9 5,707.9 59554

Omnibus service . 16.8 90.9 a7 .3 84 .4 9.3 5.9 5.9

Taxi service 857.6] 864.2 923.3] 919.0 937.3 990.9 1,024.9

Trucks (internal freight) 993.4 1,223.4 1,284.2 1,358.6 14458 1,1871 1,721.2

Shipping lines 5.3 23.6 16.1 16.1 254 31.5 41.7

Port Authority 2477 294 .4 2571 275.9) 1621 169.2 191.8

Airlines 522.3] 849.0 542.3] 288.7 120.4 180.2 21

Airport services and

Services allied to transport ... 309.9 4159 613.3] 634.2 599.7 663.4 634.1

Warehousing and storage 7.3 33.3 24 6| 16.2] 16.0| 241 295

Telecommunications 1,304.0 1.579.6 1.668.7) 1.807.9) 2,182.0 2,1429 2,1309

Post-office e 81.7) §3.2 1.4 66.0) 45.0 82.4 437

Radio and television broadcasting 94.4 144.0 168.6| 201.7 223.9 230.4 141.4
16. Finance, insurance, real estate

and business services 7,305.1 7,505.8 8,890.1 9,182.2 10,538.6 11,708.5 13,309.6

Central Bank 328.3 451.3 179.7 174.0] 199.7) 221.9 289.5

Commercial banks 1,929.3 1,500.5 1,808.4) 2,032.4 2,3326 2,59186 24520

Insurance 1,287.5 1,357.2 21314 1,891.7 21711 24122 2,909.5

Dwellings/imputed Rent 567.1 520.8 668.8| T06.7] 811.1 9011 938.0

Other . . 3,192.9 3,676.0 4,101.8] 4,377 .4 5,024.0 5,581.8 6,720.6
17. General government 3.887.2 47141 43329 5,560.0| 5,963.8 6,522.7| 81474
18. Education and cultural community services 14111 1,749.1 1,810.5 2,287.7 2,165.8 2,558.1 2,982.2

Ministry of Education 949 5 1,311.2 1,251.3] 1,692.6) 1,535.0 1,870.8] 2,2205

Other 461.6] 4379 558.2] 595.1 630.8 687.3] 761.7
19. Personal services 810.0 869.1 901.9] 1,108.0) 1.144.6 1.214.1 1.260.5

Health 231.0 238.5 266.5] 335.2] 3384 382.4 406.5

Other 579.0 630.6 635.4] 772.8] 806.2 831.7] 854.0
20. Less: FISIM' ... 2,216.0 2,116.0 2,187.3 2,493.0 2,888.7 3,189.6 3,5371
21, Plus: Value Added Tax 2,027.3 2,178.7 2,400.9 2,364.3 3,170.9 2,948.4 3,305.2

Gross Domestic Product 51,370.7 55,007.2 56,290.0 70,718.7 79,8261 95,057.0} 114,474 4

'Financial Intermediation Services Indirectly Measured
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3.8. Conclusions

A review of the hazard sources that will substantially affect Trinidad and Tobago and will be
affected by the process of global climate change have been presented. Further discussions

emerging from this initial view may root more profound analysis along the work in the project.

Relevant data sources needed and available, have been described in the document giving
a clear idea of the interdisciplinary framework and the complexity of the integrated

approach involved in the project.

The methodology to be followed in the assessment both of risk levels and economic

consequences has been also described in the document.

The socioeconomic basic framework and data needed to provide scenarios to describe the

situation for a 2040 horizons have been intfroduced.

The basis for a comprehensive analysis of the socioeconomic impact of climate change has

been hence established.



4. ldentification of Risks

4.1. Demographic Scenario

According with the information collected in previous tasks, the global demographic situation

in Trinidad by 2040 will show an image qualitatively different than the present.

For the global population according with UN Population Estimates and Projections, the
population of Trinidad & Tobago will reach a relative maximum level by 2020. This result is
consistent with the observed ferfility rate evolution that has dramatically dropped from 5.24
in 1960 to 1.8 present results in 2011 Census. About the distribution of ages the situation age
again will dramatically change, the population under 5 years that was 15.5% in 1950, will
drop to a 5.5 value for the decade 2030-2040, and on the other hand population above 60
years will duplicate from the present (12% approximately) to a 24% by 2040. Hence T&T will
face a completely different profile that will substantially alter both demographic vulnerability
as vulnerable groups will rise their presence and carrying capacity as the economically
active cohort has already overpassed its maximum between 2005 and 2010. It can also be
observed that the expected population for 2040 shows a decrease from the present
observed values, hence we will assume that we have already reached the permanent

regime. Nevertheless, when appropriate, changes in social vulnerability will be considered.

Table 28: Demographic projections T&T 1950-2100

Source: UNITED NATIONS Department of Economic and social affairs. Population division.

- - -
Pe]rgggs % >65 Pe]r(s)g:s % <15 Pelr(s)ggs %15-64  OpfoP  26SreIS/IS
>45 <15 15-64
1950 26 40 258 39.9 362 56.1 646 018
1955 27 37 312 422 401 542 740 017
1960 30 35 363 428 455 537 848 0,16
1965 31 3.4 396 43,4 486 532 913 015
1970 40 42 392 41,4 514 543 946 0,16
1975 4 48 381 37,6 582 575 1.012 015
1980 59 55 369 34 657 60.6 1.085 0,14
1985 65 56 401 343 704 £0.2 1170 0,14
1990 70 58 410 336 741 0.7 1.221 0,14
1995 76 6.1 386 308 793 63.2 1.255 013
2000 83 65 324 25,6 861 679 1.268 013

2005 24 7.2 283 21,8 920 70.9 1.297 0,13




2010 110 8.3 275 20,7 943 71.0 1.328 0,14

2015 129 9.6 280 20,8 937 69.6 1.346 0,16
2020 155 11.5 272 20,2 921 68.3 1.348 0,19
2025 177 13.3 249 18,7 206 68.0 1.332 0,22
2030 202 185 225 17.2 881 67.3 1.308 0,25
2035 211 16.5 210 16,4 857 67.1 1.278 0,27
2040 219 17.6 204 16,4 820 66.0 1.243 0,29
2045 232 19.3 199 16,5 772 64.2 1.203 0,32
2050 259 22.4 188 16.3 708 61.3 1.155 0,39
2055 270 24.4 174 15,7 661 59.8 1.105 0,43
2060 257 24.4 161 15.3 636 60.3 1.054 0,43
2065 236 23.4 154 15,3 618 61.3 1.008 0.41
2070 224 23.2 149 19,9 590 61.2 963 0,41
2075 222 240 145 15,7 557 60.3 924 0,43
2080 223 25.1 138 15,6 527 59.3 888 0,45
2085 220 25.6 132 15,4 505 58.9 857 0,47
2090 213 25.6 128 15,4 491 59.0 832 0,47
2095 204 252 126 15,6 479 59.2 809 0,46
2100 199 25.1 125 15.8 466 59.0 790 0,46

As can be seen in the table above, the estimates for >65 years population quota will
jump from 110 to 209 thousands between 2010 and 2040 and at the same fime the quota
of potentially active population is expected to drop from 940 to 820 thousands. As a
result the number of dependent people per potentially active person will duplicate from
0.14 at 2010 to 0.28 at 2040. This situation can derive in a reduction of per capita rents
under the business as usual scenario that will require a change in productivity or in active

population ratio to compensate.

About the availability of data, no GIS layer has been obtained at the local level and
hence a specific downscaling solution has been developed within the project. The
procedure has collected the available data for administrative units and for cities and
communities, then average spatial population density has been computed for cities and
communities and defracted from the registered population at each administrative unit
calculating new spatial density values for non-urban areas. Population for communities
whose data have not been made available by the census data have been calculated

based on average density values.



The internal distribution of population will also suffer changes. During last decade capital
cifies have lost population quota and couniryside areas have risen up their relative
wedge in population. The estimates for spatial distribution of population rely heavily on
the availability of Census information at a spatially disaggregate scale. For this purpose
we have used two different scales. On one hand the available information that has been

supplied focus on the following spatial units

Trinidad: (14 units) City of Port of Spain, City of San Fernando, Borough of Arima, Borough
of Chaguanas, Borough of Point Fortin, Couva/Tabaquite/Talparo, Diego Martin, Mayaro/
Rio Claro Penal/Debe, Princes Town, San Juan/Laventille, Sangre Grande, Sipariq,

Tunapuna/Piarco
Tobago: (7 units) St Andrew, St David, St George, St John, St Mary, St Patrick, St Paul

But from a different source we have been able to work with more detailed environmental

data for Trinidad, and hence a set of 34 units have been defined.

Diego Martin,  Blanchisseuse, Maracas, Arima, Toco, Valencia, Maturg,
Melajo/Manzanilla, Mc. Nair, Cumuto, Arena, Brazil, Mamoral, Tamana, Mt. Harris, Brasso,
Brickfield, Biche, Piparo Tabaquite, New Grant, Rio Claro East, Mayaro, Guayaguayare,
Rio Claro West, Moruga, Marac, Cats Hill, Cedros, Cap-De-Ville, Erin, Quarry, Siparia,

Morne Diablo, La Brea.

In order to downscale aggregated information 34 urban areas have been located
whose population has been estimate either from census data or population density
standards, so that social vulnerability can be estimate at the same scale of the available

environmental hazard data.



Figure 25: Spatial Units T&T
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About the definition of future spatfial demographic frends we will assume a regular

behavior path as no information is available to root other eventual estimates.

As a result the estimates for population used in vulnerability maps are presented in the

following table for communities and spatial units.
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Table 29: Estimates for Urban Population T&T (2011)

Port of Spain
San Fernando
Point Fortin
Chaguanas
California
Tunapuna
Arima
Arouca
Curepe
Sangre Grande
Carenage
Biche
Princes Town
Ste. Madeleine
Siparia
Rio Claro
Pierreville, Mayaro
Carapichima
Orange Valley
Couva
Caparo
Cumuto
Valencia
Matura
Salybia
Toco
Grande Riviere
Matelot
Blanchisseuse
Penal
Carlsen Field
Talparo
Wallerfield

Total

Diego Martin
New Grant
Cap de Ville
Mc Nair
Piparo
Maracas
Arima
Cumuto
Curupe
Melajo Manzanilla
Diego martin
Biche
Morne Diablo
Morne Diablo
Siparia
Siparia
Mayaro
Mc Nair
Mc Nair
Piparo
Mc Nair
Cumuto
Valencia
Matura
Matura
Toco
Toco
Toco
Blanchisseuse
Siparia
Mc Nair
Brozil

Cumuto

37.074
48.838
20.235
57.257
5.479
13.509
33.606
12.054
16.163
14.946
7.241
3.055
20.036
2.496
5.868
5.227
3.161
4.039
1.307
5.179
4.048
3.706
2.017
2.818
1.073
2219
2.137
2.069
2.859
4.899
ND
ND
ND
351.615
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35
36
37
38
39
40
41

Diego Martin
Blanchisseuse
Maracas
Arima
Toco
Valencia
Matura
Melajo/Manzanilla
Mc. Nair
Cumuto
Arena
Brazil
Mamoral
Tamana
Mt. Harris
Brasso
Brickfield
Biche
Piparo Tabaquite
New Grant
Rio Claro East
Mayaro
Guayaguayare
Rio Claro West
Moruga
Marac
Cats Hill
Cedros
Cap-De-Ville
Erin
Quarry
Siparia
Morne Diablo
La Brea
TRINIDAD
Saint George
Saint John
Saint Mary
Saint Paul
Saint Andrew
Saint David
Saint Patrick
TOBAGO

191.040
75.603
92.564
69.011
16.696
12.672
12.550
14.946

239.473
15.760

2.526
3.487
2.515
10.482
10.868
5.562
2.478
8.382
54.465
46.645
6.102
11.840
5.702
7.585
18.238
19.366

24.900
18.286
86.309
13.956

7.623

24.982
66.246
68.328

.267.188

6.875
2.825
3.297
6.048
17.536
8.733
15.560

Table 30: Summary of Spatial Distribution of Population

44315
2.859
13.509
33.606
6.425
92.017
3.891
14.946
82.814
15.760

o O O O O

351.615

17.536

146.725
72.744
79.055
35.405
10.271
3.655
8.659
0
156.659
0
2.526
3.487
2.515
10.482
10.868
5.562
2.478
5.327
43.807
46.645
6.102
8.679
5.702
7.585
18.238
19.366
24.900
18.286
17.236
13.956
7.623
8.988
43.714
68.328
915.573
6.875
2.825
3.297
6.048
0
8.733
15.560

180

179

141
163,533
201,157
152,675
151,204
137,913
443,469
145,421
30,4282
42,0094
30,3024
126,292
130,939
126,405
56,3237
100,985
207,09
188,848
138,682
269,084
129,595
172,393
110,535
117,367
150,909

103,9
97,9299
79,2951
43,3115
94,9903
182,497
188,232
4813

817
422
658
422
83
83
83
83
540
83
83
83
83
83
83
44
44
83
263
247
44
44
44
44
165
165
165
176
176
176
176
263
363
363

88
88
88
88
215
215
215



4.2. Economic Scenario

Following the trends estimates in the first interim report some general structural comments

can be made about the future economic situation of T&T.

e Loss of Oil and Gas industry relevance as far as the available resources are
expected to be exhausted within next decade.
¢ Eventfual rise in industry activity assuming a process of precautionary adaptation
measures, based in the availability of trained labor resources in chemical industry
e Business as Usual behavior on agricultural activity, as far as the estimates.
e Rise of services quota both tied with commerce and touristic activities
About the spatial distribution of economic activity we face again the problem of the
absence of GIS layers that would locate the economic activity in the spatial framework,

and again a specific approach has been developed within the project.

e Each of the spatial units previously described have been subject of expert analysis
by local partners and the main socioeconomic activities and assets susceptible of
been affected by environmental hazards have been identified. The categories of
attributes obtained for each one have been:

o Agricultural activity

o Industry activity (Non oil and gas)

o Qil&Gas Industry activity

o Qil&Gas Fileds (Specific vulnerable asset)

o Services

o Cirifical infrastructures4 (Motorways, Ports and Aeroports...)
o Administrative services (public services)

e At asecond step the different activities included in the menu have been wedge
across the spatial units in a scale of 0 fo 5 where 0 represents the absence of this
activity 5 the presence of an intense activity of this nature in this specific spatial
unit.

e Once this task has been made, a set of GIS Vulnerability layers have been
developed to assess the eventual consequences of selected hazards at each
specific area. For this purpose actual exposure and sensitivity to specific hazards
have been considered.

o Proportion of Coastal area over total area of the unit

4 Relevant infrastructure of any kind that support the overall communities



o Senisitivity of activity to wind conditions
o Topography and sensitivity to inland flooding as defined by the Country
Risk Profile for T&T (CRIF, 2013)
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A second indicator to quantify economic vulnerability has been developed based on
the available layers of road networks that will be used as proxy indicator for the
location both of population and of economic activities. The basic assumption in the
method is the existence of a double positive feedback between road investments and
both firms and human seftlements, derived on one hand from the concentration of
infrastructure investments around population, and on the other from the trend in both

location decisions fo move close to well-connected areas.

Figure 26: Spatial Distribution of Road Density

Distribution of Road Density per Spatial Units
Trinidad

Distribattion of Rowe Densiy per Spatial Lnis
Tetago




As a result of this we can observe that the eventual damage is expected to be located

either close to human settlement or economic facilities

Figure 27: Spatial Distribution of Economic Activity Density*®

DISTRIBUTION OF ROAD DENSITY PER SPATIAL UNIT

Road Density

[ 1.2122-1,7707
[ 1.7707 - 2.3293

B 3.4463 - 4.0049
[ 4.0049 - 4.5634
Bl 4.5634 - 5.1220

Ml 6.2391 - 6.7976

21 0 21 42 63 84 km

Road Density Km/Ha Tobago

Leyenda
ROADSTOBAGO

tobagoroads

[ 0.0000 - 0.8082
[10.8082 - 1.6163
[ 1.6163 - 2.4245
[ 2.4245-3.2326
[ 3.2326 - 4.0408
[ 4.0408 - 4.8489
I 4.8489 - 5.6571
B 5.6571 - 6.4652
I 6.4652 - 7.2734
Il 7.2734 - 8.0815

5 0 5 10 15 20 km

5 The quantitative indicators have been computed based on the available GIS data for roads,
hence the numerical absolute value may be different according with the category of roads
considered although the relative wedge is expected to remain constant.



4.3. Natural Hazards

4.3.1. Main Drivers Of Natural Hazards

The primary hazards identify for Trinidad and Tobago depend mainly on the climate
variables air and sea surface temperature. However, the air surface temperature can

also be identifying by itself as another primary hazard.

The climate system is a dynamical system that involves the earth's atmosphere, land
surfaces, and oceans driven by energy received from the sun. Some of this energy is
reflected back info space, but the rest is absorbed by the land and ocean and re-
emitted as radiant heat. A crucial feature of the climate system is that the sun's energy
is not distributed uniformly, but rather is most intense at the equator and weakest at the
poles. This non-uniform energy distribution leads to temperature differences, which the
atmosphere and ocean act to reduce by fransporfing heat from the warm tropics to
the cold Polar Regions. This non-uniform heating and the resulting heat fransport give
rise to ocean currents, atmospheric circulation, evaporation, precipitation... and a

natural variability and exireme events such as hurricanes or droughts.

Summarizing, the main driver of global climate is the heat coming from the sun that can
be expressed in terms of air and sea surface temperature. As note before, the climate
variability, both temporal and spatial, is a natural feature of the climate system.
Different spatial patterns of variability can be identify around the globe, being the
major climate zones tropical, dry, temperate mid-latitude, cold mid-latitude, polar and
high-lands. As well as varying spatially, the climate varies across multiple timescales,
from hourly, to seasonal, interannual or to longer scale. The external driver of the
climate system is sunlight (and human activity in the last decades), but once the heat
has coming into the system internal interactions and feedbacks between ocean and
atmosphere develop a complex system that varies in regular and semi-regular cycles
and chaotic fluctuations. Of particular importance are variations at inferannual to
decadal timescales, which play a very important role in determining the variability of
the Earth’s climate. Anomalies at the ocean surface interact with the overlying
atmosphere to alter the tfransport of moisture around the globe by intensifying local
convection, shifting storm tracks, and changing frequency of hurricanes, to bring
flooding or drought to different regions of the globe (Sheffield and Wood 2011). Much
of the large scale dynamics of the couple system ocean-atmosphere follow quasi-
periodic oscillations and have been identified as predominant patterns of low

frequency.



4.3.1.1. El NinoSouthern Oscillation

The most important driver of global climate on interannual scales and well-known
pattern is El NinoSouthern Oscillation (ENSO) which is a combined oceanic-atmospheric
process manifested most notably by anomalies of sea surface temperature (SST) in the
fropical Pacific Ocean (Rasmussen and Carpenter 1982). The positive phase is called El
Nino and characterized by positive anomalies of SST (warmer than normally) in the
eastern tropical Pacific (a decrease in the easterly winds and reduce upwelling are also
observing). In confrast, La Nina represents the alternate phase of the cycle
characterized by colder temperature in the eastern Pacific as the thermocline filts even
further upwards towards the east. Although La Nina events do not exactly mirror the
negative of each El Nino feature, they do display somewhat contrary yet variable
characteristics in the ocean and atmosphere (Rosenzweig and Hillel 2008). The figure
below shows sea-surface temperature (top) and departure (bottom) maps for
December - February during strong El Nino and La Nina episodes.

Figure 28: Sea surface temperature (upper panels) and departure (bottom maps) during El Niho

(left hand column) and La Niia (right hand column) episodes

Source: NOAA
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The climatic variations enhance by El Nino/La Nina phases in one part of the ocean

have impacts at remote locations all over the world, called tele-connections. Thus,



during El Nino phase wetter conditions are registered in the central Pacific and drier in
Indonesia and northern Australia. Beside, recent investigations have identified an
alternative El Nino mode called El Nino “"Modoki” that leads to more hurricanes more

frequently making landfall in the Atlantic (See the figure below).

Figure 29: Tracks of major (category 3, 4, or 5 at maximum strength) hurricanes in the East
Atlantic, West Atlantic, Caribbean and Gulf of Mexico during hurricane seasons that followed El
Nino "Modoki" winters.

Source: NOAA
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4.3.1.2. Patterns of variability of sea surface temperature

Although El Nino and La Nina phases are the primary modes of variability of SST and sea
level pressure fields, other modes of variability such as El Nino Modoki are also now
identifying as drivers for climatic conditions (such as hurricane events). That led into the
idea of exploring climatic variability of natural hazards through primary modes of SST
using a principal component analysis and synoptic climatology approach (lzaguirre et
al. 2012).

The predictor SST fields come from the global database Simple Ocean Data
Assimilation (SODA) which is a new global reanalysis from 1871 to 2008 and the SST data
consist of monthly fields of SST on a 0.5° spatial resolution-grid. The spatial domain
selected to perform the analysis spans from 15°S to 25°N and 150°W to 10°W,
encompassing part of the fropical Pacific and Aflantic basins. In summary the monthly
SST data consist of a record of 1656 monthly values from 1871 to 2008, each one
defined at every point of the grid. This means a large amount of information difficult to

process.



In order to reduce dimensionality of the problem, preserving the maximum of the
sample variance, the principal component analysis (PCA) (or Empirical Orthogonal
Functions decomposition, EOFs) has been applied to the SST anomaly fields. The first two

spatial modes and temporal variability are shown in the figure below:

Figure 30: First and second principal components (PC) of the monthly SST anomaly over the
area:150°W-10°W; 15°S- 25°N
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The first 10 tfemporal modes from the PCA, which explain more than 97% of the variance
of the data, have been selected to cluster oceanic patterns using the k-means
technique. Note that the first PC is highly correlated with the prominent teleconnection
mode in the areaq, El Nino Southern Oscillation, through the climate index El Nino 3.4
(0=-0.921). The second PC is correlated with the Multivariate ENSO index (p=-0.62), while
the third PC is quite similar to the Tropical Northern Atlantic Index (p=-0.55).

Using the first 10 PC and the k-means classification technique the objective is to obtain
a lattice of representative weather types of SST anomalies. The k-means algorithm
(Anderberg, 1973) is focused in minimizing the euclidian distances between classes or
centroids classifying, in this case, the oceanic SST patterns in k classes. Each determined
centroid represents a set of similar SST states according with the metrics used by the
algorithm. This clustering technique divides the complex SST dataset in a number of
subsets (n) defined by the nearest centroid intfo the EOF space. The algorithm initializes
with a given number of subsets and iteratively moves them until minimized intra-subsets

variance.

After some preliminary tests, a lattice of 3 x 3 = 9 groups, which fulfils the compromise
between a significant number of weather types and the requirement of a minimum
number of data per group, has been considered (see the figure below). Besides, a

convenient visualization has been carried out, in order to see similar states close each



to other and the most extreme state located at the corners. In the left side of the Figure
(types, 1, 2, 3, 5 and 6) one can see the SST patterns with positive SST anomaly in the
equatorial Pacific corresponding to El Nino events on different phases, while the right

part of the figure (types, 4, 7 and 8) correspond to different strengths of La Nina.

Figure 31: SST types obtained by k-means algorithm.




4.3.2. Hurricanes And Tropical Stormsé

The aim of this sub-section is characterizing the hurricane natural hazard in terms of
present variability, numerical modeling and associated impacts. To this fact the North
Atlantic hurricane database, HURDAT, (Jarvinen et al 2004, Landsea et al 2004 and
2008) is used. HURDAT contains the 6-hourly center locations and intensities (maximum
wind speed and minimum pressure) for all fropical storms (TS) and hurricanes (H) from
1851 through 2012 in the Atlantic Ocean, Gulf of Mexico and Caribbean Sea. From all
this dataset the TS and H that passed through an area of influence of Trinidad and
Tobago (TT) have been selected. The area spans around 200 km from a gravity center
located between Trinidad and Tobago islands in the coordinates -63°W,-59°W and
9°N,13°N (See the figure below).

Figure 32: Area of influence of Trinidad and Tobago
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That supposes an historical database of 102 TS and H in the area of Trinidad and
Tobago with information about the position track, wind speed and pressure of each
event. This dataset will be used to determine the present climate variability of hurricane
events, and three of the main hurricanes that affected directly TT with effects and
damages reported by the Meteorological Service of Trinidad and Tobago will be used

to design and calibrate the damage function of hurricane hazard.

¢ For the purpose of this document we summarize in this chapter both hurricanes and tropical
storms although we will apply the general term Hurricanes to summarize both.



4.3.2.1. Exploring present variability

A tropical cyclone is a system of thunderstorms that shows a cyclonic rotation around a
central core or eye. Tropical cyclones typically form over large bodies of relatively
warm water and are not is not based on a frontal system, differing from mid-latitude
cyclonic storms. The fropical cyclone derive their energy from the evaporation of water
from the ocean surface, which ultimately recondenses intfo clouds and rain when moist
air rises and cools to saturation. Each individual tropical cyclone differs, but several
characteristics are common to most all tfropical cyclones including a central low-
pressure zone and high wind speeds of at least 34 knots. At this point, the storms are
given a pre-determined storm name. Most storms are accompanied by a lot of rain
and storm surges near the shore. Often, once the storms make landfall, the fropical

cyclone can cause tornadoes.

When the maximum sustained surface wind of a tropical system ranges from 34 to 63
knots (39 to 73 mph) the tropical cyclone is called Tropical Storm and produce intense
rainfall and, often, enough wind and waves to cause some beach erosion and minor
boat damage. In the case of maximum sustained surface wind of 64 knots (74 mph) or
greater the tropical cyclone is referred as hurricane, consider as the worst and strongest

of all fropical systems.

The official Atlantic hurricane season extends from June 1st to November 30th,
however, the location of TT makes it being more affected during August and
September as shown in the figure below where the histogram of the historical TS and H

in the area of influence of Trinidad and Tobago is plotted.



Figure 33: Histogram of the historical TS and H in the area of influence of Trinidad and
Tobago.
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The dataset of TS and H in Trinidad and Tobago also allows obtaining the annual rate of

hurricane events corresponding to 0.7445.

As described below, warm sea surface temperature, specially the gradient between
near zones, act as a heat engine that drives the generation of hurricanes. In the figure
below one can see that for higher SST, higher hurricane eye pressure and wind speeds,

up to a limit of 26°C.



Figure 34: Relationship between hurricane wind speed and pressure and sea surface
temperature.
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A relationship between El Nino Modoki phase and hurricane events has been already
reported. Therefore, using the sea surface temperature patterns of variability performed
in previously, a characterization of the interannual variability of hurricanes arriving at
Trinidad and Tobago is performed. Projecting the number of hurricanes into the lattice
of SST patterns, a connection between oceanic variability and the occurrence of
hurricane events in TT is established. First, using the SST anomaly dates, the
corresponding number of hurricane events for each cluster is identified. Then, the
hurricane rate in ferms of annual scale is computed for each SST pattern and shown in

the lattice form (See the figure below).



Figure 35: Annual rate of hurricanes associated to SST weather types

This kind of visualization establishes a direct link between the SST pattern and annual
hurricane rate in TT. One can see that climatic situations similar to La Nina events,
represented in cluster number 7, increases the probability of having hurricanes in TT
while El Nino phase (cluster number 2) diminishes this occurrence. The annual rate of
hurricane events when La Nina phase reaches 1.2 hurricane/year, and fransitional
states (clusters 4 and 8) reach 1 and 0.87 hurricanes/year. On the contrary, El Nino
stages suppose a minor rate of occurrence. During the historical record of hurricanes,
any event occurred during the most intense Nino phase, represented on cluster number
3. However, the previous stage of El Nino phase (cluster 2) characterized by a wider
area of warmer water in the Pacific and warm anomalies of SST in the Atlantic suppose
a rate of 0.6 hurricanes/year. Also a more primary stage of El Nino phase (cluster 1)

supposes 0.7 hurricanes/year.

In addition to this information, the probability of occurrence of each SST patftern must
be considered in order to properly interpret the variability of hurricane events. Thus,
although La Nina phase supposes the higher rate of hurricane events, the probability of

occurrence of this phenomenon is 0.07.



4.3.2.2.  Main historical hurricanes affecting Trinidad and
Tobago

Trinidad and Tobago is located in the exireme south of the Caribbean, which
decreases the potential of being hit by hurricane events. However, in the last 161 years
102 TS and H passed in the surroundings of the islands, and, 5 tropical storms and 3
hurricanes impacted directly in TT. The most catastrophic events were the Flora
hurricane in 1963, the hurricane event of June 1933, and hurricane Ivan in 2004. Several
impacts and damages were reported by the Meteorological Service of Trinidad and
Tobago and economic losses associated to this events are reported in CCRIF (2013).
This information and the numerical characterization of these events will be used to

define the damage functions of hurricane hazard.

The figure below shows the track for the three main historical hurricanes affecting TT.
When the hurricanes passed through the area of influence of TT all of them had

reached, at least, category 2.

Figure 36: Tracks of the three more catastrophic historical hurricanes affecting TT
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The hurricane occurred in June 1933 was generated as a tropical storm in the area
north of Surinam and displaced its center developing an eastward track and reaching
hurricane category 2 in front of the coasts of Venezuela. The wind speed of each point

of the track passing through the area of influence of TT can be seen in the table below.



Table 32: Physical characteristics of the hurricane affecting TT in June 1933
Source: NOAA.

1933 6 27 0 56.2 8.8 45
1933 6 27 6 57.7 9 55
1933 6 27 12 59.2 9.3 65
1933 6 27 18 60.7 9.7 70
1933 6 28 0 62.1 10.1 65
1933 6 28 6 63.4 10.5 65
1933 6 28 12 64.4 10.8 60
1933 6 28 18 65.5 11.1 55

The center passage of the hurricane passed over the extreme southwest of Trinidad
Island, hitting the region of Cedros. The impact of the hurricane caused severe social
damage: 13 people died and 1000 people were rendered homeless. Besides, there
were significant property damages, especially in the south of the island. The report
CCRIF (2013) informs of a total loss of 54.90128 MUSD.

Hurricane Flora (1963) was the seventh tropical storm and sixth hurricane of the 1963
Atlantic hurricane season and one of the most mortal events in recorded history with a
death total of over 7000. Flora arrived at TT hitting Tobago on September 30th with
Category 3 hurricane status. Flora developed from a disturbance in the Intertropical
Convergence Zone on September 26. After remaining a weak depression for several
days, it rapidly organized on September 29 to attain tropical storm status. Flora quickly
reached Category 3 and 4 hurricane status and reached maximum sustained winds of
145 miles per hour (233 km/h) in the Caribbean. The table below shows the wind speed

and pressure of hurricane Flora in its frack over the area of influence of TT.



Table 33: Physical characteristics of hurricane Flora (1963) when passing through the area of
influence of TT.

Source: NOAA.

1963 9 30 0 56 10.3 70 =

1963 9 30 6 57.6 10.4 85 -

1963 9 30 12 59.1 10.7 100 994
1963 9 30 18 60.7 1.2 105 978
1963 10 1 0 62 11.6 110 981
1963 10 1 6 63.3 12 110 981
1963 10 1 12 64.8 12.5 115 974
1963 10 1 18 66 13 115 975

The Meteorological Service of Trinidad and Tobago reported several effects and
damages from this hurricane event. About four hours before the eye of Hurricane Flora
moved over Tobago, it began producing heavy rainfall throughout the island. Two
hours later, strong winds began affecting the island, and, while moving across, Flora
produced winds of up to 100 miles per hour (160 km/h). After leaving Tobago, the
hurricane produced rough surf and fides 5 to 7 feet (1.5 fo 2.1 m) above normal. The
hurricane sunk six ships between 4 to 9 tons in Scarborough harbour and one crew
member drowned while attempting to save his vessel. Heavy rainfall caused a large
mudslide from Mount Dillon onto a road leading to Castara. This was considered the
most well-known mudslide on the island. The strong winds caused severe damage to
coconut, banana, and cocoa plantations with 50% of the coconut trees being
destroyed and another 11% being severely damaged. 75% of forest trees fell, and most
of the remaining were greatly damaged. The passage of Hurricane Flora destroyed
2.750 of Tobago's 7.500 houses and damaged 3.500 others. The hurricane killed 18 on
the island and resulted in $30 million in crop and property damage (1963 USD).
Furthermore, CCRIF (2013) reports a total loss of 299.35931 MUSD.

Finally, hurricane Ivan (2004) were the third major hurricane (in terms of damage)
affecting TT. It was the fourth major hurricane of the active 2004 Aflantic hurricane
season and became the 10th most intense Atlantic hurricane ever recorded. lvan
formed in early September as a tropical depression southwest of Cape Verde. As the
system moved to the west, it strengthened gradually, becoming Tropical Storm Ivan on
September 3 and reaching hurricane strength (on September 5) 1.150 miles (1.850 km)
tfo the east of Tobago. Later that day, the storm intensified rapidly becoming a
Category 3 hurricane with winds of 125 miles per hour (200 km/h) (Stewart 2006). Wind



speed and pressure of hurricane Ivan (2004) where passing through the area of

influence of TT can be seen in the table below.

Table 34: Physical characteristics of hurricane Ivan (2004) when passing through the area of
influence of TT.

Source: NOAA.

2004 9 7 0 56.1 11.2 90 964
2004 9 7 6 57.8 11.3 95 965
2004 9 7 12 59.4 11.6 100 963
2004 9 7 18 61.1 11.8 105 956
2004 9 8 0 62.6 12 115 950
2004 9 8 6 64.1 12.3 120 946
2004 9 8 12 65.5 12.6 120 955
2004 9 8 18 67 13 120 950

Several damages were reported by the International Federation of Red Cross and Red
Crescent Societies. The damage in Trinidad was minimal while in Tobago there were
power outages in parfs of the island mainly as a result of downed lines. Besides, 14
vilages were affected and at least 23 homes lost part or all of their roofing. The Trinidad
branch of the National Society deployed vehicles to Tobago to assist with relief efforts
together with food and personnel (Red Cross and Red Crescent Societies, 2004). Total
losses are estimated in a total number of 34.111016 MUSD (CCRIF 2013).

4.3.2.3. Numerical Modeling

In the previous sub-section the main hurricanes affecting TT have been described in
terms of physical characteristics and damages reported. However, a better
characterization of the hurricanes will include the spatial variability of the effects
caused during each event in terms of wind, storm surge and waves. This information will
provide a solid knowledge to understand the nature of the hazard and its impacts and
consequences. In order to achieve this spatial characterization a numerical modeling

has been carried out.

Three numerical models have been used to simulate the different effects caused by
hurricanes: the large winds generated by pressure gradients, the storm surge and the
waves. However, the storm surge and waves are directly related to the wind fields as
derive processes. Therefore, the wind fields simulated for each instant of the hurricanes

will be the inputs of the models used to simulate the storm surge and waves. Based on



previous studies and bibliography, the numerical models used in this study are the
Vortex Model for simulating wind fields from hurricane events, the H2D model for
simulating hydrodynamic processes and the SWAN model for simulating wave fields.

Following a brief description for each model is carried out.

4.3.2.3.1. Hidromet-Rankin Vortex model

The wind velocity and direction associated to each hurricane instant of the tfrack have
been calculated using a parametric model. It is based on the Hydromet-Rankin Vortex
model presented by Holland (1980) and the Bretscneider (1990) approximation. This
model has been implemented and validated with buoy data and satellite borne
synthetic aperture radar for several historical hurricane events, Silva et. al (2002). The
pressure Pr, (in mb) and wind W (above 10 m above mean sea level, in km/h), models

are described with the following equations:

R:Po+(PN—F{))~e('] ()

W =0.886(F, - U, +0.5-V; cos(6 + 8)) 2)

U,=218-\[p,—P,-05-f-R for  L<q (3)
R

U,=21.8-/P,—P,-0.5-fR for  L>1 (4)
R

Where, PO is the cenftral hurricane pressure (mb); Pris the pressure at any radial distance

(km); PN is the unaltered atmospheric pressure (commonly assumed 1013 mbar); R is the
cyclostrophic wind radius (km); f is the Coriolis parameter; f =2wsin(¢) ; @ is the

angular Earth speed (a):0.2618rad/h); and ¢ is the latitude; r is a radial distance

o+p is the angle

measured from the centre of the atmospheric perturbation;
between the total franslation speed of the hurricane VF (km/h) and the wind speed at
a radial distance UR (km/h); FV is a damping factor which is calculated trough the

following relations:

A=-0.99- 1.066—exp(—1.936-[@i]] (1)

R



B=-0.357- 1.4456—exp[—5.2388-[fin (2)
UR
In order to obtain the spatial and temporal wind maps, it is necessary to know, at each
time step, the central pressure, the hurricane tfrack and the evolution of the
cyclostrophic radius. This information is obtained from the HURDAT historical database,
provided by NOAA's Atlantic Oceanographic and Meteorological Laboratory, for the
three historical hurricanes selected: the hurricane of June 1933, hurricane Flora in 1963
and hurricane Ivan in 2004. Since this database does not include the cyclostrophic
radius, it is obtained with the relation proposed by Silva et al. (2002). Besides, in those
cases when the central pressure of some points of the track is not include, a regression
model (See the figure below) relating wind and pressure in the eye of the hurricane has

been used.

Figure 37: Regression model used to obtain the central pressure based on the wind fields.
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4.3.2.3.2. Hydrodynamic model H2D

The numerical model used to solve hydrodynamic processes is the H2D model
developed by the Ocean and Coastal Research Group at the University of Cantabria.
It solves the Navier-Stokes equations for an incompressible fluid, under the shallow water

and the Boussinesq assumption.



The numerical model integrates the depth-averaged equations of continuity,
momenfum and diffusion over a finite grid. The equations, in Cartesian coordinates

have the next form:

Mass conservation:

0(UH) , o(VH) , on _ 0

(3)
ox oy ot
Momentum conservation:
UH UH
OUH) , ,OH) | OWH) 10 00 g a0n
ot OX oy P, Ox ox 2p, Ox
g 0
{é’xj P dz}dz+r (1)~ () (4)
2
+He, 8L2/+8(ZJ +2H85h8_u+ %2, 8_U+8_V
ox~ oy Ox Ox oy |\ oy Ox
o(VH o(VH o(VH
(VH)  ,0(VH) , | 0(VH) _ L P 01 9 420
ot OX oy Po Oy oy 2p, Oy
9
{ f p" dz}dz-i—r 1~ Tya(-n) (5)
2 2
+Hz, 8\2/+8\f +2Hag,,a_v 8gh 8U GV
ox> oy oy oy ox 5)’ ox
Diffusion equations for temperature, T and salinity, S (here both are denoted as C):
aC Ua—C V@_C 1 a(HDXa—Cj+1 0 HDya—C (6)
ot ox oy Hox ox) Hoy oy

where, x, y, z form the right-handed Cartesian coordinate system, U and V are the
depth- averaged velocity components, H=n+h, where H is the total water column, n is
the free surface and h is the depth. The term f represents the Coriolis parameter, Pa is
the atmospheric pressure, ¢h is the horizontal (Smagorinsky, 1963) eddy viscosity
coefficient, Dx and Dy are the horizontal diffusivity coefficients and p = potp’ is the
water density, with, p0 being the reference viscosity. 1xzin) and 1vzim) are the free surface
wind-induced stresses, parameterized in terms of a quadratic law of wind speed.
Density is obtained from the values of T and S using the UNESCO equation of state, as
adapted by Mellor (1993).

Model equations are written on a staggered grid (Arakawa C) and are solved by

means of an implicit finite difference method (Leendertse, 1970), except for non linear



terms, which are treated explicitly. The finite difference algorithm is a centered, two

fime levels scheme, resulting in a second order approximation in space and time.

4.3.2.3.3. SWAN wave model

The model used to simulate and propagate waves into shallow waters is the SWAN
model. It is a third-generation wave model for obtaining realistic estimates of wave
parameters in coastal areas, lakes and estuaries from given wind, bottom and current
conditions. The model is based on the wave action balance equation with sources and
sinks and resolves the energy equation through the Eulerian approximation (Booij and
Ris 1999).

The theoretical based is one of the main atfractive of this model, which is the possibility
of propagating waves in all directions. Besides, it is possible to apply this kind of models
fo large domains since it does not require a minimum number of calculating points for
each wave length. Besides, the third generatfion of the model includes shallow water
phenomena such as wave breaking and non-linear interactions (triads). Due to the fact

that this is an energetic model it is possible to simulate the wind wave generation.

The equation solved by the SWAN model is:

ON ocN OcN oc N Oc,N S
—+ + + + =2
ot  ox oy Oo 00 o

(7)

(0,0)

N, 0)=E (8)

o

It is an energy balance equation in which local temporal variations of spectral energy
and space variations of energy flux are compensated with inputs and outputs of

energy throughout the system.

In this study, the grid used to perform the model is a recti-linear structured grid with @

resolution of 1500 m.

The figure below shows the wave field generated by hurricane Ivan in 2004 in one
position of the track. One can see significant wave height of more than 7 min the north
coast of Trinidad Island, while the Trinidad coasts of the Gulf of Paria do not reach T m
height.



Figure 38: Significant wave height (m) generated by hurricane Ivan in the instant of 19 pm on
September 9th 2004.
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4.3.2.4. Associated impacts to hurricane events

As shown before, the main effects of the hurricane events are wind, storm surge and
waves, and rainfall. The storm surge and waves will develop coastal flooding, while
heavy rainfall could generate inland flooding and, depending on the soil conditions,
landslides. The wind, apart from a hurricane effect can be considered also as an
impact. Thus, these meteorological effects will develop impacts both in the coast and

in the inland territory.

4.3.2.4.1. Coastal Flooding

Coastal flooding occurs when intense, offshore low-pressure systems drive ocean water
inland. The rising water level due to winds and low pressure is called storm surge.
Besides, the waves also produce an elevation of the water level called set up, and
other factors such as astronomical tide and sea level rise contribute also to coastal

flooding.

In the case of hurricane events in TT the coastal flooding is mainly driven by the storm
surge and wave set up. The low pressure and heavy winds push water up generating

storm surge in the coast, but, at the same time, the maintained winds blowing in @



certain area of the ocean generate waves that arrive at the coast contributing to the
coastal flooding. Thus, the coastal flooding has been calculating as shown in equation
13, considering a conftribution of waves as a 30% of the significant wave height in the

coast.

CF =SS + 0.3-Hs 9)

The coastal flooding has been calculated in the receptor points along the coasts of TT
for the three historical hurricanes selected. The maps plotted in the three figures below
show fthe maximum coastal flooding generated by each hurricane. The main
differences can be appreciated between the hurricane of 1933 and the other two due

to the different track followed by the hurricane.

The frack followed by hurricane of 1933 passed between the coasts of Venezuela and
south of TT, crossing through the narrow strait between the southwest tip of TT and
Venezuela with Category 2 hurricane status. The next figure shows the wind fields
generated in three instants of the track of the hurricane in its passage through TT. One
can see that the most intense winds affecting TT occurred 6 hours before the hurricane
hit the southwest of Trinidad Island, which corresponds to 18 pm on June 27th. The
counterclockwise rotating system introduced severe winds mainly in the east coasts of
Trinidad Island, generating the higher levels of coastal flooding due to both storm surge
and waves (up to 2 m in the coasts of Mayaro and Melajo/Manzanilla. The
accompanied movement of the hurricane along its tfrack contributes to the storm surge
generated by the low pressure in the eye of the hurricane. Therefore, high levels of
coastal flooding can be also appreciated in the southwest tip of TT (between 1.5 and 2

m of coastal flooding).
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Figure 39: Wind fields generated by hurricane of 1933 in its passage through TT
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Figure 40: Maximum coastal flooding generated by the hurricane of June 1933 in TT.
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In the case of Flora (1963) and Ivan (2004) hurricanes the spatial patterns of coastal
flooding follow a similar distribution, with slight differences in the intensity of flooding
levels in Tobago and the north coasts of Trinidad (the figures below). Hurricane Flora
generated coastal flooding levels up to 2.5 m in the north coasts of Trinidad Island and
up to 2 m in the west coast of Tobago, while hurricane Ivan generated higher levels in
the west coast of Tobago and the north eastern tip of Trinidad (up to 2.5 m of flooding
level). In the Gulf of Paria both hurricanes generated coastal flooding levels up fo 2 m
in important places such as San Fernando or Point Fortin. This part of the coast is the
most populated and houses the main economic activities of the island, making it

vulnerable, especially to coastal flooding.

Figure 41: Maximum coastal flooding generated by hurricane Flora in 1963 in TT.
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Figure 42: Maximum coastal flooding generated by hurricane Ivan in 2004 in TT
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In these cases the track in their passages through the area of influence of TT where
quite similar differing in the intensity and distance to Tobago Island (while Flora passed
over Tobago Island, Ivan passed some kilometer northern Tobago with lower pressure
level in its eye). The figure below shows the higher wind fields generated by hurricanes
Flora and Ivan that affected TT. One can see that, although Ivan passed farther than
Flora its intensity and configuration generated higher winds affecting the west part of

Tobago Island and the eastern tip of Trinidad.



Figure 43: Wind fields generated during hurricane Flora (left panel) and hurricane Ivan (right
panel) in their passage through Tobago Island.
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The figure below shows the spatial distribution of two instants of the track of Flora and
Ivan hurricanes. In the case of Flora the instant plofted is the same as the wind field in
the figure above, which generates the highest water levels in the Gulf of Paria,
especially in San Fernando and Point Fortin. In the case of Ivan, the instant plotted also
generates the highest water levels in this part of the coast of Trinidad, but, as can be
seen, it corresponds to a northwest displacement of the eye of the hurricane. This
information provides some of the explanation for the coastal flooding obtained, but the

part corresponding to the waves set up must be also taking info account.

Figure 44: Spatial distribution of storm surge generated in TT during two instants of the track of
hurricanes Flora (left panel) and Ivan (right panel).
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4.3.24.2. Wind

The wind generated by the hurricanes is considered as an impact itself. Apart from
generating coastal flooding, which is already considered in the previous sub-section,
the wind can generate damage in the inland system. Thus, the agricultural sector can
be affected by the destruction or damage of frees or crops, the human settlements

can be damage, especially roof houses or power outages, etc.

The wind impact has been obtained from the wind fields evaluated for each hurricane
with the Hidromet-Rankin Vortex model. Wind intensity has been plotted in each inland

point selected.

The figure below shows the maximum wind velocity generated by the hurricane of 1933
in the receptor inland points. One can see higher velocities in the south of Trinidad (up
fo 127 km/h) decaying to 115 km/h in the north parts of the island and 100 km/h in

Tobago. This pattern of variability is accorded to the center passage of the hurricane.

Figure 45: Maximum wind velocity (km/h) in the receptor inland points for the hurricane of
1933.
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Hurricane Flora shows a different pattern of wind variability along the inland points (see
the figure below). One can see the higher wind speeds (up to 130 km/h) in the North
West parts of Trinidad Islands (Maracas and Diego Martin regions) and a decrease

while moving to southern regions (up to 130 km/h in the center of the island and 115



km/h in the south. Tobago suffered lower wind velocities than the north of Trinidad due
to the fact that the eye of the hurricane passed over Tobago, having no winds in the

hurricane eye.

Figure 46: Maximum wind velocity (km/h) in the receptor inland points for the hurricane Flora

in 1963.
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Finally, hurricane Ivan (the figure below) shows a quite similar wind spatial distribution to
Flora hurricane (the figure above) In this case, the main difference lies in the north
displacement of the hurricane eye and the lower pressure that generated higher wind
speed affecting mainly Tobago Island (up to 162 km/h). In this case Trinidad Island
suffered a gradually decrease in the wind speed generated by hurricane Ivan when
moving southwards. In the north of the island wind speed reaches 150 km/h (for
example the case of Port of Spain) while in the south the wind intensity reaches 127

km/h (in the case of Point Fortin).



Figure 47: Maximum wind velocity (km/h) in the receptor inland points for the hurricane

Ivan in 2004.
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4.3.2.4.3. Rainfall

The heavy rainfalls associated to hurricane events constitute an important impact,
especially for the inland system. Considering the topography and the soil conditions,

the intense rainfalls can generated severe inland flooding and derived landslides.

The rainfall associated to a hurricane event has been calculated using the curves
developed by Marks and Steward (2001) that relates tropical storm rainfall with eye
distance and TS inftensity. This study was performed using Tropical Rainfall Measuring
Mission Microwave Imager and Precipitation Radar data (TRMM MI/PR) and provides
good quantitative TS rain estimates. In this case, the curves have been calibrated to TT
using the daily precipitation measures from Piarco and La Regalada rainfall gauges for
the TS Fran in 1990, Bret in 1993, Joyce in 2000 and hurricane Ivan in 2004. The adapted

rainfall curves for TT are shown in the figure below.



Figure 48: Rainfall as function of TS intensity. Adapted from Marks and Steward (2001) to TT.

Rainfall as function of TC intensity in Trinidad and Tobago
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Using the relationship between eye distance and TS category the total rainfall for each
historical hurricane has been calculated in each inland point. It is considered that the
active hurricane in terms of rainfall corresponds to the track passing along the area of

influence of TT, which corresponds generally to two days.

The figure below shows the maximum rainfall in each inland point generated by the
passage of the hurricane in 1933. The spatial pattern shows a wide and quite
homogeneous rainfall field, with maximum values in the south of Trinidad, close to the
eye of the hurricane (in the range of 32-36 mm/2 days). Tobago experienced lower

precipitations, up to 23 mm/2 days.



Figure 49: Maximum rainfall (mm/2 days) in the receptor inland points for hurricane of 1933
during its passage through the area of influence of TT.
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Hurricane Flora presented a more variable rainfall field (See the figure below), with
maximum precipitations in Tobago (up to 65 mm/2 days) directly under the influence of
the eye hurricane. The northeast tip of Trinidad presented up to 52 mm/2 days of rainfall
and the quantity of rainfall decay with distance registering 33 mm/2 days in the

southwestern regions.



Figure 50: Maximum rainfall (mm/2 days) in the receptor inland points for hurricane Flora in
1963 during its passage through the area of influence of TT.
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Finally, hurricane Ivan shows a spatial pattern of rainfall variability in TT quite similar to
Flora hurricane due to the similarity in their tfracks. In this case, the southwestern frack
direction of the hurricane and lower franslation speed or the eye leaded into a higher
accumulated quantity of rainfall, as shown in the figure below. Tobago suffered the
higher rainfall levels (up to 75 mm/2 days) together with the northeastern tip of Trinidad

Island, where up to 61 mm/2 days were expected.



Figure 51: Maximum rainfall (mm/2 days) in the receptor inland points for hurricane Ivan in
2004 during its passage through the area of influence of TT.
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4.3.3. Droughts

Droughts have been identified as another primary hazard in TT susceptible of climate
change. This natural hazard can cover extensive areas and last for many years with
devastating impacts on agriculture, water supply and the environment. Historically,
drought has persistently affected human activity (Stine 1994; Hodell et al. 1995) and
impacts on every part of the globe. Economic and social development have
historically been strongly linked to the development of water resources and the
breakdown of this connection might have contributed to the fall of great civilizations
(Sheffield and Wood 2011). In term s of economic cost drought may be one of the most

damaging natural hazards (Wilhite 2000).

The simplest definition of drought is a deficit of water relative to normal condifions,
which are governed by the hydrological cycle. The hydrological cycle describes the
movement of water through the atmosphere, land and oceans and its major
components are precipitation, evaporation, run off and snow, soil and groundwater.
Depending on the nature of the water deficit and the objectives of its use, several
definitions have been established (Palmer 1965; Rasmussen et al. 1993; Heim, 2002).
Typically droughts are classified into four groups: meteorological, hydrological,

agricultural and socio economic drought.



Meteorological drought only considers climate variables, being a significant negative
deviation from mean precipitation. Hydrological drought includes the water supply
factor, considering drought as a deficit in the supply of surface and subsurface water.
In the case of agricultural drought the meteorological and hydrological drought drive a
deficit in the supply of soil moisture for vegetation and finally, the socio-economic
drought is considered as a combination of the other three types leading social and

economic impacts.

The study of drought requires data to quantify and model its variability, cycles and
possible long-term changes. There are some ways to identify and characterize drought
but one of the most used are drought index. A drought index is a quanfitative
expression for the state of drought that allows policy makers to objectively analyze a
system and make quantitative management and policy decisions. Usually a threshold is
chosen below which there is drought and above which there is not. The index should
capture the physical characteristics and associated impacts of a drought: the start and
end of a drought, its duration, its intensity, magnitude... However, quantifying all of
these characteristics is extremely difficult in only one index. Due to this fact various
indices and definitions have been suggested, each with advantages and
disadvantages. One of the most popular index used for agricultural drought is the
Palmer Drought Severity Index (PDSI), Palmer 1965), which is used by many US agencies
as a drought frigger.

In this study a drought index kindly provided by Dr. Sheffield is used. This drought index
comes from a global drought model characterizing drought in TT as a unigque value of
the drought index in a monthly temporal scale. The fime series spans from 1901 to 2008
and consist on a boolean variable, 1 in the case of drought and 0 otherwise with

monthly resolution (See the figure below).



Figure 52: Drought index monthly time series for TT.
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In order to understand and characterize the droughts in TT a statfistical analysis is
performed to the drought index. First the histogram of the number of drought events in
each month of the year is plofted (See the figure below). As can be seen it does not
reveal any seasonal variability or further information. Thus, the drought index has been
turn into an annual scale, counting the number of drought events (drought index = 1)
within a year. The fime series is shown in the upper panel of the figure reveals a clear
interannual variability with severe dry years such as 1960 and 1977 with 9 and 10

drought events.

Figure 53: Time series of total annual droughts per year in TT.
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The histogram computed for the annual drought events is shown in the figure below.
One can see that almost 50 years from the 107 years studied did not suffer any drought
event, being the absence of drought the most probable situation. Besides, the shape of
the histogram reveals a behavior of the intensity of droughts that could be modeled

through the Generalized Pareto Distribution.



Figure 54: Histogram of the annual drought events in TT.
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The interannual variability identified is studied through the SST patterns of variability
described in section 4.3.2.1. The dependency of drought in climate variations and the
relationship between SST and low frequency phenomena such as El Nino that entail
high amounts of precipitation in some parts of the globe make the SST pattern a good
predictor for exploring drought variability. The projection of the drought events in the
SST lattice shows a clear relationship between the occurrence of drought and certain
SSTs (see the figure below). The number of drought events for each SST cluster has been
identified and turn info a monthly scale, showing that in the case of El Nino events
(clusters 2 and 3) the annual rate of drought reaches 5.5 events/year, while in the case

of La Nina it does not reach 0.5 events/year.



Figure 55: Annual rate of droughts in TT associated to SST weather types




4.4. Risk Assessment Of Natural Hazards

This section describes the methodology proposed to assess the risk associated to
hurricanes and droughts, and set the bases for this risk assessment under different
climate change scenarios. The methodology proposed and damage functions for
hurricane hazards have been implemented and calibrated using the historical
hurricane events analyzed in previous sections. In the case of drought a damage

function for the agricultural sector has been developed.
4.4.1. Methodology

The aim of the methodology developed in this study is to analyzed spatial information
on hazards and vulnerability fo assess the damage for the identified impacts of climate
change. This risk assessment will be the bases for the proposal of future adaptation

measures under climate change scenarios.

The methodology is based on a system of numerical weights and scores that will
provide relative hazard, vulnerability and risk maps to prioritize more vulnerable areas
and targets of different climate-related impacts. According to the framework proposed
by the natural hazard community (UN-ISDR, 2009), the analysis of the likely impacts or
risks related to coastal hazards involves the evaluation of two main components:
hazard (in this case the primary hazards idenfify are hurricanes and droughts) and the
system vulnerability (the characteristics of a system that increase its susceptibility o the
impact of climate-induced hazard). In this context, vulnerability is often expressed in a
number of quantitative indexes, being a key step toward risk assessment and
management (Romieu et al., 2010). Following this approach, the different hazards have

also been turned into a score or index scale leading a non dimensional indicator.

Considering that climate change impacts and risk are very dependent on regional
geographical features, climate and socio-economic conditions, this risk assessment has
been performed at a regional scale, providing a spatial variability of the risk and hot
spots identification. Besides, the total damages computed for every impact has been

calculated with the aggregation of the regional scale.

The risk assessment is based on resolving a damage function for each hazard impact in

the following shape:

n
b, =“,-ZV,-,,- ‘H;
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where i refers o the impact studied and | refers to each region or spatial division; D is
the damage associated to impact i, V refers to the vulnerability of region j to impactiin
a non-dimensional scored scale, and H is the hazard generating impact iin region jin a
non-dimensional scored scale. a is a weight index for each impact that affects or

complete the vulnerability valuation.

In the case of hurricanes the impacts considered are coastal flooding, wind and rainfall
while droughts are considered an impact by itself. For example, for the case of coastal
flooding where the spatial division consists of 29 points around the coasts of TT equation

(15) would turn into:

D :aCFzVCF,j'HCF,j (11)

Therefore, the process of assessing the damage (risk) associated to an impact of a

natural hazard is summarized as follows:

1. The impact suscepftible of risk assessment should be identified, for example

coastal flooding associated to hurricane events.

2. The coast should be divided in a number of receptor points where the hazard

and vulnerability will be evaluated.

3. The coastal flooding hazard (as a sum of storm surge and 30% of significant

wave height) should be evaluated in each coastal point.

4. The vulnerability associated to coastal flooding (taking into account

exposure) should be evaluated in each coastal point.

5. Using the scored indexes for coastal flooding and vulnerability the hazard and

vulnerability will be turn info a 1 fo 5 non-dimensional scale.

6. Aggregating the spatial risk distribution (V-H) and using the a weight
parameter the total economic damage associated to coastal flooding in TT can

be obtained.

A relevant challenge of this approach is, therefore, the development of a suitable
range of score indexes for hazards and vulnerability and a good cadlibration (the
definition of a parameter) of each damage function taking into account the best
available geographical information for TT, in order to highlight most critical regions. In
the case of drought impact a different approach should be follow due to the lack of

spatial information. In this case the risk assessment will be as follows:



D,=a, H, (12)

A correlation between drought events/year (Hp) in a scored scale (1-5) and agricultural
production damage in the island (Do) will be established throughout the parameter ap.

A wider explanation will be given in next sections.

Note that the accuracy of the calibrated damage functions will depend on the

availability of socio economic data and historical economic damage events.

A methodological issue emerges when we face the challenge to assess the risk in ferms
of socioeconomic indicators as the conventional Disaster Deficit Index, Local Disaster
Index (LDI) Prevalent Vulnerability Index (PVI), Disaster Risk Management Index (RMI)
developed by the IBD indicates(IBD, 2010) . Nevertheless this issue is more related with
the circumstances of the country i.e. its socioeconomic governance level, or its
financial capacity than to the increase of occurrence of extreme meteorological

events. A draft estimate of the impact is included here.

DDI=0.1 This indicator evaluates the capability of the society to assume the
catastrophic damages and hence compares state wealth with eventual damages. As
far as eventual damages will increase and socioeconomic carrying capacity is
expected to decrease in an scenario of natural resources exhausting, the index will
deteriorate. Nevertheless as T&T shows one of the best performance in this index the

limit of 1 that qualitatively changes the situation will hardly be reached.

LDI= presents a measure of the spatial concentration of damages due to small
catastrophes. As far as we focus on high scale damages and that the spatial
distribution of assets and population has been considered as static no change is

expected.

PVI= 43 characterizes T& T as a vulnerable area mainly due to its lack of resiliency.
Hence any increase in risk level will deteriorate the situation, but essentially will not alter

the characteristics of the society measured by the index, but the expected damages.

RMI =23 is considered unsatisfactory and hence any increase in risk observed in the
area will not substantially change the conclusion. T&T will still show one of the lowest

value of its geographical area.

Irrespectively of the previous considerations it has to be clarified that the statistical
indexes applied in the model emerge from a different risk paradigm and the only

purpose of this section is to create nexus between two different approaches to risk



4.4.2. Definition and scoring of hazards

The definition of classes and the assignation of scores is a necessary step for the
normalization and aggregation of indicators. According to various methodologies
applied at the international scale (Gornitz 1990; Abuodha and Woodroffe 2006;
Torresan 2012), the assignation of the scores to vulnerability classes was performed using
a 1-5 scale. For each analyzed impact the classes and scores assigned are described

as follows.

442.1. Hurricanes and Tropical Storms?

The identified impacts associated to hurricanes are coastal flooding, wind and rainfall.
The categories and rankings defined for each one are based in an expert criteria and
the adaptation of standard scales to TT. This adaptation has been carried out based on

reported effects from historical hurricanes.

In the case of coastal flooding the categories and scores are shown in the following
table. The effects reported for Flora hurricane in 1963 by the Meteorological Service of
Trinidad and Tobago mention a coastal flooding between 1.5 to 2 m. These values
agree with the coastal flooding modeled in section 3.3.1. in the east coasts of Trinidad
Island (in the Gulf of Paria, where most population and socio-economic activity is
registered) where the coastal flooding were ostensibly measured. To date, hurricane
Flora was the most damaging hurricane in Trinidad, but it was Category 3 hurricane
status. Therefore, the range from 1.5 m to 2 m is scored as 4 causing high damage. The
very high class is let for more than 2 m of coastal flooding and lower categories have

been ranging in 0.5 m steps.

7 For the purpose of this document we summarize in this chapter both hurricanes and tropical
storms although we will apply the general term Hurricanes to summarize both.



Table 35: Coastal flooding ranking categories.

COASTAL FLOODING RANGES (m) INDEX DAMAGE SCALE

In the case of wind impact, at a first time the Saffir-Simpson scale was considered.
However, the winds suffered in TT during hurricanes Flora and Ivan where classified by
this scale as winds, while they caused several string damages reported. For instance,
the Meteorological Service of Trinidad and Tobago mention that “The strong winds
caused severe damage to coconut, banana, and cocoa plantations with 50% of the
coconut frees being destroyed and another 11% being severely damaged. 75% of
forest trees fell, and most of the remaining were greatly damaged. The passage of
Hurricane Flora destroyed 2.750 of Tobago's 7.500 houses and damaged 3.500 others.”
In the case of Ivan in 2004 the Information Bulletin from the Red Cross and Red Crescent
Societies reported “...in Tobago there were power outages in parts of the islkand mainly
as a result of downed lines. Besides, 14 villages were affected and at least 23 homes lost
part or all of their roofing”. Based on this information the damage scale and categories

have been modified to adapt it to TT as shown in the table below.

Table 36: Wind ranking categories.

WIND (km/h) INDEX DAMAGE SCALE

|
\

In the case of rainfall few damages associated to this impact are reported for historical
hurricanes. Only for Flora hurricane the Meteorological Service of Trinidad and Tobago
reported "Heavy rainfall caused a large mudslide from Mount Dillon onto a road
leading to Castara. This was considered the most well-known mudslide on the island”.
Based on this historical effect and an expert criterion the categories and rankings for

rainfall are established.



Table 37: Rainfall ranking categories

RAINFALL (mm/hurricane) INDEX DAMAGE SCALE

|
|

4422, Droughts

In the case of drought, a look into the probability distribution of drought events per year

has lead into the following categories and scores:

Table 38: Drought ranking categories.

DROUGHT (events/year) INDEX DAMAGE SCALE




4.4.3. Calibration of the damage functions

Once the methodology is theoretically developed it must be calibrated for its use in TT.
For that purpose, historical hurricane event damages reported and time series of
agricultural production in TT have been used. Following there is a description of the

calibration of damage functions for each impact considered.

The final calibration results are compatible with those included in a parallel study that
has been financed by IBD and published in December 2013. The differences in the
methodological appoach have already been described in this document, but
specifically at the calibration step, it is important to point the observed differences in
global damages. Both in this analysis and in CCRIF (2013 pp 47 and 48) the calibration
parameters are consistently chosen, but the results observed in in IDB (2013) are not
consistent with those provide by CCRIF. The reason for this inconsistencies relays
probably on the differences on the return period associated to the events, but this
discussion should be based on the availability of the stafistical analysis developped in

the latter document, not available at the present time.

4.43.1. Hurricane impacts

The only historical economic damage information from hurricane events available in TT
comes from CCRIF (2013) where the economic losses for the most three severe

hurricanes in TT are reported (See table below):

Table 39: Most significant historical hurricane events affecting TT
Source: CCRIF 2013.

Most severe Flora 1963 299,359,310
Second most severe Not named 1933 54,901,280
Third most severe lvan 2004 34,111,016

These three events will be used to calibrate the damage functions for coastal flooding,

wind and rainfall.

The economic damage provided for each historical hurricane refers to the total
damages in TT. However, the calibration of the damage functions requires the
economic damage corresponding to each hurricane for coastal flooding, wind and

rainfall. The percentages of economic damage for each impact and hurricane will be



obtained using the historical damages and effects reported and the medium hazard

unitless indicator.

In the case of hurricane Flora the total economic damage reported has been divided
using different weights to each impact (See table below). The aggregated values of
the non-dimensional index for each hazard reveal medium damage scale for wind (3
value), almost medium for coastal flooding (2.75 value) and almost low for rainfall (1.89
value). Besides, considering a fotal impact of hurricanes as a sum of every impact in a
relative scale the wind would represent a 40 % of the total hazard, the coastal flooding
a 35 % and the rainfall a 25 %. Based on this analysis and the reported damages cited
above, that specially refers to wind damage, we have decided to establish the

percentages shown in the table below.

Table 40: Economic damage associated to hurricane Flora in 1963
Source CCRIF 2013.

100 % 30 % 50 % 20 %
299,359,310 USD 89,807,793 USD 149,679,655 USD | 59,871,862 USD

For the hurricane of 1933 a similar analysis has been performed to divide the fotal
damage reported. In this case the aggregated hazard scored index for the whole TT
was quite similar to that obtained for Flora. Wind is valued in a medium damage scale
(3 value) while coastal flooding obtained a value of 2.5 and rainfall 2 (in both cases a
low damage scale). Referring to a percentage scale wind would represent 40 % of the

total hurricane hazard, coastal flooding would represent 34 % and rainfall the 26 %.

Table 41: Economic damage associated to hurricane in 1933
Source CCRIF 2013

100 % 35 % 40 % 25%
54,901,280 USD 16,470,384 USD 30,195,704 USD 8,235,192 USD

Finally, in the case of hurricane Ilvan in 2004 a similar process has been carried out. In
this case the aggregated ranking hazard scale shows higher values in all cases: 3.6

(medium damage scale) for wind, 2.5 value for coastal flooding (low damage scale)



and 2.6 value for rainfall (low damage scale). In terms of relative weight the wind 40 %
of the total impacts while coastal flooding and rainfall represent 40 % each. Fue to the
damages reported, especially as consequence of wind, the final weight for divided the

total economic damage is set as shown in the table below.

Table 42: Economic damage associated to hurricane Ivan in 2004

Source CCRIF 2013.

100 % 20% 60 % 20 %
34,111,016 USD 6,822,203.2 USD 20,466,609.6 USD | 6,822,203.2 USD

Once the economic damage for each impact and hurricane event is obtained, the

impact damage functions can be calibrated.

4.4.3.1.1. Coastal flooding

Following the steps of the methodology the coastal flooding evaluated in each coastal
point receptor for each historical hurricane (section 4.3.3.1.) should be converted into
the ranking scale. The figure below shows the spatial distribution of the coastal flooding
for the three historical hurricanes studied in the relative scale defined previously. This
kind of scale and visualization allows identifying quickly hot spotfs such as western
Tobago, the north coast of Trinidad and the coasts of the Gulf of Paria in the case of

Flora and Ivan hurricanes and the east coast of Trinidad in the hurricane of 1933.



Figure 56: Spatial distribution of the coastal flooding for the three historical hurricanes studied in
the relative scale defined previously.
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The vulnerability to coastal flooding is also rank in a relative index leading into the
following map (See the figure below), where one can identify the hot spotfs of

Scarborough, Port of Spain or San Fernando and Point Fortin.

Figure 57: Spatial variability of the vulnerability to coastal flooding in a relative ranking scale
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Using the data available the damage function expression will be:



3 3 29

DCF B Z Dhurricane _DCF Flora + DCF1933 + DCFIvan o aCF ) Z ZVCFhurricane Pl ’ HCF hurricane W (] 3)

hurricane=1 hurricane=1 j=1

The solution of this equation leads into the value of parameter a, in this case

e =0-213\4sD. Therefore, the damage function for coastal flooding is calibrated so
that economic damage associated to coastal flooding can be obtained for different

hurricanes using:

29
Dy =0.213-) Ve ;- Hy (14)
j=1

Note that the  parameter has economic dimension measured in million US dollars

(MUSD).



4.4.3.1.2. Wind

The wind affecting TT and generated by each historical hurricane modeled in section
3.3.2. has been furned into the ranking scale define previously. The figure below shows
the spatial variability of the wind in the relative scale where the most affected spofs

can be found in the north of Trinidad.

Figure 58: Spatial variability of the wind ranking scale for hurricanes Flora, 1933 and Ivan.
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The vulnerability to wind hazard in a relative scale is shown in the figure below. Again

the hot spots are found in the cities, such as Port of Spain, Chaguanas or San Fernando.



Figure 59: Spatial variability of the vulnerability to wind in a relative ranking scale.
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The data described above allows to solve the equation of the wind damage:

3 3 29
DW o Z Dhurricane _DWFIam + DVV1933 + DVVIvan o aW ’ Z Zvvvhurricane W ’ HWhurricane W ( ] 5)
hurricane=1 hurricane=1 j=1

The parameter cbtained to define the wind damage function is Ay =0'2534I\/\UDS,

which allows to obtain economic damages due to wind impact for future hurricane

events with the function:

37
D, =0.2534->V,, .-H,, (16)

j=1



4.4.3.1.3. Rainfall

Finally, the process to calibrate the rainfall damage function follows a similar scheme.

First, the rainfall affecting TT and generated by each historical hurricane modeled in

section 3.3.2. has been furned info the ranking scale define previously. The figure below

shows the spatial variability of rainfall impact in the relative scale.

Figure 60:

Spatial variability of the rainfall ranking scale for hurricanes Flora, 1933 and Ivan
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The vulnerability to rainfall hazard is also fraduced into a relative scale. The spatial
variability along TT is shown in the figure below. Again the hot spots are found in the
cifies, such as Port of Spain or San Fernando and susceptible places to landslides and

inland flooding such as the area of Arima.

Figure 61: Spatial variability of the vulnerability to rainfall in a relative ranking scale.
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Replacing the available information and data in the rainfall damage equation we will

have:
3 3 29
D=2 Duecane =Ds. +Dp +Dp =tz D D Vo  H
R hurricane RFIora R1933 Rlvan aR Rhum’cune J Rhum’cune ] (] 7)
hurricane=1 hurricane=1 j=1

The solution of the equation leads info the aR parameter value of 0.15 MUSD. Replacing

this value in the rainfall damage function it is defined as:

37
Dy =0.15-> "V, -H,, (18)
j=1



4.4.4. Droughts

In the case of drought the lack of spatial and detailed information leaded into a

different approach for obtaining a damage function.

In this case the hazard is defined as a monthly scale time series of a drought index
which indicates if there is drought or not. The main economic activity susceptible of
drought events is agriculture, so the study of a damage function for drought will be
focus on this sector. The total annual agricultural production in TT from 1996 to 2012
provided by CSO T&T is available, just like the total cultivated area. Looking at both
series (production and culfivated area) one can see a decrease in the cultivated area
especially in the last 5 years. Therefore, this fact has taken into account obtaining the
agricultural production per Ha cultivated. Despite this correction, the annual

production shows a decreasing tendency since 2000, as shown in the figure below.

Figure 62: Time series of the annual agricultural production per Ha cultivated (S$TT).
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Three different sections can be identify, first a constant production from 1996 to 2000,
then a decreasing stretch and finally another more or less constant production section
with higher variability than that in 1996-2000. This behavior corresponds with cyclic
changes in the structure of the agriculture and represents a sample of the different
strategies that can be adopted in the future as far as the economy is expected to
suffer different pressures within the time horizon of the project. Thus, the time series

susceptible of study remains as shown in the figure below



Figure 63: Standardized signal of annual agricultural production in TT per cultivated Ha
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The proposed drought damage function follows the shape:

D,=a, H, (19)

In this case the hazard corresponds to the drought index that is aggregated into a
annual scale. Using the relative scored scale defined in section 4.2.2. the number of
droughts per year will be traduced into a damage scale that ranks the severity of the
drought in the year. The time series of the relative scale can be seen in the figure

below.

Figure 64: Time series of the droughts per year in a relative scored scale in TT.
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Comparing the twi figures above, at a first look, one can see a decrease in the
production when severe drought years, such as 2003 or 2007. Relating the drought
indicator time series and the annual production per cultivated Ha with a linear

regression the a parameter has been calibrated obtaining % = 0.6448 $TT.



Figure 65: Linear regression of the aD parameter.

35

25+

15}

\Agricultural Production ($TT-2013/Ha)
N
.

0.5+

0 1 . 1 1 1 J
0 05 1 15 2 25 3 35 B 45 5

Drought scale index

The economic damage function associated to drought is, therefore, equation

D, =0.6448-H,

that provides the decrease in the agricultural production with respect to the mean
production of 1996-2000:

D, =0.6448-H, (25)

Note that the scarcity of data in terms of spatial variability of drought conditions,
temporal length of agricultural production and different crop production lead into a
limited analysis and poor quality of the result obtained. Better information will allow

defining a more rigorous drought damage function.



4.5. Conclusions

Methodological considerations: The procedure followed in this work presents the

following steps,

e Af the first step, we build a vulnerability function where both the assets and

human beings and exposure degree at the present situation are considered

e At a second step the damage function is calibrated so that the effect of past
occurrence of extreme events in the vulnerability qualified areas is accurately

measured in the damage function

e Af the third step these calibrated functions that represents, as accurately as
possible, the situation in the area, are applied to measure the consequences of

different changes that presumably happen in the future due to climate change.

The distribution of these tasks among the interim reports is as follows, the first two steps
are integrally present in this second interim report, and the third is globally presented in
the third interim report. Nevertheless as we use the baseline case (no change scenario)
to calibrate damage functions, this first approach to damage estimates has been
included in this second interim report as it was available at the time of completion of

the document.
The purpose of this deliverable was hence to serve to the following objectives

“Identify the most relevant socio-economic areas in terms GDP (Gross Domestic
Product) generation, employment and population concentration in Trinidad and
Tobago”. To cover this demand a socio-economic spatial survey has been developed
and specific hotspots have been idenfified and infroduced info the model in sub
sections 4.3 and 4.4. The internal consistency between different results has been
checked in order to validate the results. The downscaling process has allowed us to
obtain spatially distributed vulnerability indexes to test the actual impact that can be

expected from the different environmental scenarios included in the study.

For this purpose in order carry on the Second and Third Interim reports according with
the Work Plan, we present in this document the baseline of the situation according to
the present available information. Hence what we present here is the assessment of
expected losses before climate change effects are considered. In the third interim
report hazard assessment of the expected damage under different climate scenarios

hypothesis, the identification of assets at risk and the vulnerability and economic



assessment due to Sea Level Rise, increase in extreme winds and rains and droughts
due to climate change will be included. According to this task schedule, this document
presents the probabilistic vulnerability assessment of critical socioeconomic areas in
Trinidad and Tobago and hence the Third interim report presents both the estimation of
expected economic losses under various climate change scenarios and the

identification of potential adaptation and DRR measures and their feasibility.

The reason for this procedure is strictly methodological, at the first step, we build a
vulnerability function according with present exposure, at a second step the damage

function

“Development of easily understandable hazard maps along the country to help

decision makers to evaluate impacts.”

For this purpose the spatial distributions of affected areas have been established across
the country as a distribution of receptors points that have been indexed and qualified
according with the exposure to extreme events eventually present in each one. Again
the methodology is developed and presented here, and the analysis presented in this
document focuses strictly on the no change scenario. Additional results are presented

in the third interim report.

“"Assessment and esfimation of expected economic loss under various climate change
scenarios (no change, moderate and high climate change scenarios)”. This objective is
shared between second and third interim report. As has been described previously
damage functions are provided in this second interim report and applied results for the
two additional scenarios capturing the combined effect of additional vulnerability and

increasing hazards are presented in the third interim report.



5. Assessment of Expected Losses

5.1. Damage characterization of natural hazards

In the following sections, the approach and methodology for the assessment of
economic damage in Trinidad and Tobago due to fropical storms and hurricanes and
droughts is explained. A stafistical analysis is used to characterize the damage
distribution associated to tropical storm events, obtaining the mean and the variance
of the distribution. However, note that the lack of data concerning agricultural

damage and drought will limit the analysis for drought damage.

The methodology, tools and methods used have been coded in Matlab environment

which is a flexible software and easily adaptable to any other study case.

5.1.1. Tropical storm damage distribution

5.1.1.1. Theoretical approach

The total damage associated with tropical storm events is performed by addition of
damage due to coastal flooding, wind and rainfall. The following theoretical
approximation presented in Losada et al. (2012) and used in the European project of
climate change, THESEUS, (http://www.theseusproject.eu/) to characterize flooding

damage distribution is adopted.

The damage distribution associated to the exireme events of a geophysical variable

can be obtained using the temporal information shown in the figure below.



Figure 64: Temporal distribution of z variable and its associated damage D(z).
Source: Prepared by the authors.
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If a extreme value model based on the method Peak Over Threshold (POT) is assumed
for variable z, the temporal distribution of the damage associated to z, D(z), will be the
addition of every damage event associated with each event that occurs in a fime step
Af.

$=D,+D,+..+D,_ (26)

where NA’-‘ is a random variable that defines the number of events in the fime step Af.

The mean and the variance define the damage distribution, S, and depend on the

number of events exceeding a threshold and the damage distribution for each event:

s =mean(S,, )=E[N,.]-E[D]

27
o: =var(S, )=E[N,]-var[D]+var[N,,]-E*[D] %)

The number of events exceeding the threshold can be considered a Poisson process
and modelled using the Poisson distribution characterized with parameter A. In this

case, the mean and the variance of Nat are Auz. Replacing in equation (2):

us =mean(S,,)=E[N,,|-E[D]=4, -E[D] o8
o; =var(S,,)=E[N,,]-var[D]+var[N,,|-E*[D]= 4, -(var[D]+E2 [D])
Concerning fo the distribution of the damage of each event, the following damage

function is considered:



D(z)=a-2" (29)

With mean and variance defined as:

E[D]= [ £,(2)-D(2)-dz
N (30)

var[D]= [ £,(2)-D(2)-oz

The intensity of variable z can be modelled using the generalized Pareto distribution
defined with parameters o and €. The probability density function (pdf) is defined in eq.
(6).

ﬁ(z)zé(1+§§j : (31)

Taking into account the pdf and the damage function, the mean and the variance

can be defined as:

E[D]{f - (2)-D(2)-dz= a(fj"r(“b r(-s+ )

(%)
T(1+2b)- ( 2b+/§)

(%)

Finally, assuming the Pareto-Poisson distribution for the definition of damage distribution

(32)

var[D] =Ifz (z)-D*(z)-dz :az(gj

and replacing (7) in equation (3) the mean and the variance of variable § is obtained:

e .a(ggjbr(ub ( b+é)
el

s -aZ(f)Zb (1+2b). ( zb+/§) [F(1+b ( b+éﬂ
| (2] ()]

(33)

O



5.1.1.2. Methodology

The methodology proposed, and described below in detail, is a pragmatic approach
relating the historical catastrophic events with reported damages. A critical point at the
calibration stage (described in the Second Interim Report) is that nowadays the
database of reported economic losses due to fropical storm events is very scarce.
However, the rescaled approach done to disaggregate the total damage into the

receptor points is a suitable approach.

The characterization of the historical damage associated to tropical storm events is
performed using the above theoretical approach (Losada et al. 2012). The definition of
the damage distribution requires a sample of tropical storm data so first, the historical
fropical storms and hurricane events passing across the area of influence of TT defined

in the Second Interim Report have been selected.

Using this criteria, the number of TS and hurricanes affecting TT in the last century

reaches 77 events, which is a limited sample to stafistically characterize the damage.

Due to this fact a stochastic simulation process is computed to obtain a representative
sample of TS events which is based on the statistical analysis of damage. For each
historical tropical storm event the trajectory will be altered obtaining 10000 synthetic
simulations that lead to a significant sample of data. This number of representative
sample of data is selected based on previous studies in the area (CCRIF 2010) and on

the experience of IH Cantabria studying the Caribbean area.

The total damage associated with each tropical storm event requires the assessment of
damage related to coastal flooding, wind and rainfall using the damage functions
obtained and calibrated in the Second Interim Report. However, the high number of
simulations makes it a very computational costly process. In order to avoid
computational limitations hybrid (statistical and dynamical) downscaling is used. The
main advantage of this approach is that using statistical methods of selection only a
representative subset of tropical storm data need to be numerically modelled. A
number of representative tropical storm events are selected using data mining
methods (a maximum dissimilarity selection algorithm). The reduced number of
selected cases spans the tropical storm variability guaranteeing that all possible
fropical storm events are represented and capturing even the extreme events (Camus
et al. 2011). The representative fropical storm events are modelled and used to obtain
the coastal flooding, wind and rainfall impacts and their associated damage. The next

step consists of translating the impacts info a scored scale index from 0 to 4 so that a



dimensionless value for the impacts in each point of the domain is obtained. At the
same time, the vulnerability is characterized in a dimensionless scored index. This kind of
approach has been successfully applied at the international level (Torresan et al. 2012,
Abuodha and Woodroffe 2006, Gornitz 1990). For each analysed impact, this scoring

method allowed the definition of relative ranking for hazard and vulnerability.

Later on, using advanced statistical fechniques the damage associated with each
simulation event will be reconstructed from the representative fropical storm events.

Finally, the statistical characterization of the damage will be carried out.
The methodology is summarized as follows:
1. Selection of historical fropical storm and hurricane events in the area of

influence of TT.

2. Stochastic simulation of TS and hurricane events (10,000 simulations for each

selected TS).

3. Selection of representative number of TS or hurricane events using data mining

methods.

4. Dynamical modelling (wind, waves and storm surge) of the representative

events using the models describe in The Second Interim Report.
5. Reconstruction of the coastal flooding, wind and rainfall impacts
6. Hazard franslation into a scored dimensionless index.

7. Assessment of the vulnerability using a scored dimensionless index for each

analyzed impact in each point of the domain.

8. Assessment of the impact associated and total damage for the total simulated

events.

The methodology is applied to a national scale, which does not allow a better
characterization of the hazard and the vulnerability. However, a good balanced
between the complexity of the hazards/dynamics, the definition of the vulnerability and
the damage estimation in a disaggregated (regional scale) and aggregated at the

national level is achieved.

To illustrate if, the figure below shows a scheme of the methodology proposed:



Figure 67: Methodology proposed.
Source: Prepared by the authors.
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5.1.2. Drought damage characterization

The drought damage is obtained using the calibrated damage function defined in The

Second Interim Report (section 6.3.2):

D, =0.6448-H, (34)

where Hp is the drought hazard in terms of scored dimensionless index. The
characterization of the average historical damage will be carry on using the average
value of scored index in a certain period of the last century while the drought damage
associated to climate change scenarios will be assessed using projected values of the

hazard index.



5.2. Historical damage distribution of natural hazards

The main natural hazards affecting Trinidad and Tobago (tropical storms and droughts)
already represent a significant risk to inhabitants and economies. CCRIF 2010 reports
that the annual expected losses from wind, storm surge and inland flooding amount o
up to 6% of GDP in some countries of the Caribbean. In this section, the historical
economic damage associated to fropical storms and droughts is obtained in order to

set a baseline to compare future damage of different climate change scenarios.
5.2.1. Historical damage associated with tropical storm events

The damage associated with tropical storm events in TT in the present climate (Today's

climate from now on) is assessed using the methodology described in section 5.1.2.

5.2.1.1.1. Selection of historical events

Due to the destructive potential of hurricanes and their high economic and societal
impacts, the analysis of Trinidad and Tobago’s fropical cyclones is of paramount
importance. The main problem for this type of analysis is that tfropical cyclones are quite
rare over the area of influence of Trinidad and Tobago located between coordinates
63°W, -59°W and 9°N, 13°N.



Figure 68: Area of influence of TT (-63°W,-59°W and 9°N, 13°N).
Source: Prepared by the authors.
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Following this criterion, and the North Atlantic hurricane database, HURDAT, (Jarvinen et
al 2004, Landsea et al 2004 and 2008) the total number of fropical storms passing
through the influence area was 77. Note that HURDAT contains the é-hourly center
locations and intensities (maximum wind speed and minimum pressure) for all fropical
storms (TS) and hurricanes (H) from 1851 through 2012 in the Aflantic Ocean, Gulf of

Mexico and Caribbean Sea.

The following table shows the 77 historical TS represented by their name, identfification,

year, and month in which they were produced.



Table 43: Selected historical tropical storm events in the area of influence of TT.
Source: North Atlantic hurricane database, HURDAT, NOAA.
http://www.nhc.noaa.gov/data/#annual.

NAME ID YEAR MONTH
‘NOT_NAMED" 3 1851 7
‘NOT_NAMED" 2 1853 8
‘NOT_NAMED" 4 1855 8
‘NOT_NAMED" 2 1856 8
‘NOT_NAMED" 4 1862 10
‘NOT_NAMED" 3 1872 9
‘NOT_NAMED" 4 1877 9
‘NOT_NAMED" 5 1878 9
"‘NOT_NAMED" 5 1886 8
‘NOT_NAMED" 6 1886 8
"‘NOT_NAMED" 4 1887 7
‘NOT_NAMED" 5 1887 8
‘NOT_NAMED" 19 1887 12
‘NOT_NAMED" 8 1888 11
"‘NOT_NAMED" 9 1891 10
‘NOT_NAMED" 7 1892 10
"‘NOT_NAMED" 6 1894 10
‘NOT_NAMED" 5 1895 10
"‘NOT_NAMED" 7 1896 11
‘NOT_NAMED" 5 1897 10
"‘NOT_NAMED" 4 1898 9
‘NOT_NAMED" 9 1898 10
"‘NOT_NAMED" 2 1901 7
‘NOT_NAMED" 9 1901 8
"‘NOT_NAMED" 1 1905 ?
‘NOT_NAMED" 4 1909 7
"‘NOT_NAMED" 4 1911 9
‘NOT_NAMED" 6 1915 9
"‘NOT_NAMED" 3 1916 7
‘NOT_NAMED" 13 1916 10
"‘NOT_NAMED" 1 1917 7
‘NOT_NAMED" 1 1918 8
"‘NOT_NAMED" 2 1918 8
‘NOT_NAMED" 3 1921 9
"‘NOT_NAMED" 3 1924 8
‘NOT_NAMED" 1 1928 8
‘NOT_NAMED" 2 1928 8
‘NOT_NAMED" 5 1931 9
‘NOT_NAMED" 2 1933 6
‘NOT_NAMED" 6 1933 8
‘NOT_NAMED" 7 1933 8
‘NOT_NAMED" 15 1933 9
‘NOT_NAMED" 2 1938 8
‘NOT_NAMED" 2 1944 7
‘NOT_NAMED" 4 1944 8
‘NOT_NAMED" 3 1949 8



"HAZEL" 9 1954 10

"JAET" 10 1955 9
"AA" 1 1961 7
"FLORA" 7 1963 9
"FRACELIA" 6 1969 8
"EDITH" 6 1971 9
"IREE" 10 1971 9
"ALMA" 4 1974 8
"GERTRUDE" 10 1974 10
"CORA" 4 1978 8
"GRETA" 8 1978 9
‘DAIELLE" 4 1986 9
"EMILY" 6 1987 9
"ISAAC" 10 1988 10
"JOA" 11 1988 10
"ARTHUR" 1 1990 7
"FRA" 6 1990 8
"BRET" 2 1993 8
"CESAR" 3 1996 7
"JOYCE" 10 2000 10
"IRIS" 9 2001 10
"JERRY" 10 2001 10
"ISIDORE" 9 2002 9
"L 12 2002 9
"CHARLEY" 3 2004 8
"EARL" 5 2004 8
IVA" 9 2004 9
‘DEIS" 4 2005 7
"EMILY" 5 2005 7
"ERESTO" 6 2006 8
"FELIX" 6 2007 9

The study of damage based on this historical record (a sample of 77 extreme events)
would be inappropriate due to the lack of very long time series records. As an
alternative stochastic methods are required to capture the real threat produce by
these events. Note that the effects in terms of rainfall, winds, storm surge and waves
associated with tropical cyclones are relatively local (100 km from the storm eye) and
strongly dependent on the frack. A small deviation on the historical fracks might have
changed considerably the hit areas and thus the consequences, which depend on the

vulnerability of the new exposure areas.



5.2.1.1.2. Stochastic simulation for TT tropical storms

Thus, using a stochastic simulation process a sample of synthetic tropical storm data is
going to be performed. The proposed method consists of the specific parameter
estimation associated with all historical fracks, and posterior simulation to construct
synthetic or alternative tracks for past tropical cyclones. This alternative tracks are
consistent with environmental atmospheric conditions and allows simulation of
physically plausible events hitting different parts of Trinidoad and Tobago. This

information would be very valuable for appropriate risk analysis.

From the 77 historical tfropical storms selected affecting TT only 32 have been chosen for
the stochastic modelling. This is due to the fact that the NCEP-NCAR atmospheric

conditions were only available since 1949.

Using the stochastic process 10,000 artificial frajectories for each historical tfropical storm
have been performed, leading into a final number of 320,000 simulations. As an
example, figure 5 shows the frajectory of ALMA-1974 hurricane (red line) and the 10,000

arfificial frajectories simulated. One can see good agreement between trajectories.

The prediction of TS frajectories in the ocean is a complex problem plagued with
uncertainties. This problem is usually solved simulating the possible trajectories based on
weighted vertical mean of the environmental flow in which they are embedded plus a
drift effect due to Coriolis drag force (beta and advection model Marks (1992)), which
are incorporated info Lagrangian trajectory models. However, both data and
Lagrangian models are approximations of reality and when comparing trajectory data
collected from existing tfrack databases with respect to Lagrangian models results, they
differ considerably. This work intfroduces a stochastic Lagrangian trajectory model that
allows quantifying the uncertainties related to: i) weighted vertical mean of the
environmental flow, and ii) the Lagrangian frajectory model. These uncertainties are

accounted for within the model through random model parameters.

The quantification of these uncertainties consists on an estimation problem, where the
parameters of the probability distribution functions of the random variables are
estimated based on real historical tracks. Particularly, it is assumed that estimated
parameters maximize the likelihood of this model to reproduce the trajectories from the
fropical cyclone. Once the probability distribution parameters are estimated, they can
be used to simulate different trajectories, obtaining location probability density
functions at different tfimes. The advantage of this method is that it allows: i) site and

fropical cyclone specific calibration, and ii) comparing uncertainties related to



different atmospheric reanalysis databases. For further details of the stochastic model,

a extensive description can be found in Annex 1.

Figure 69: Trajectories from ALMA-1974 hurricane (red line) and from stochastic simulations (blue
lines).
Source: Prepared by the authors.
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5.2.1.1.3. Selection of representative tropical storms

Using the stochastic simulation, the data sample of tropical storms reaches 320,000. This
high amount of data allows making a good statistical analysis of the damage but
requires high computational resources when modelling wind, storm surge or waves. In
order fo limit the computational cost, hybrid downscaling is carried out. The hybrid
downscaling consists of a combination of statistical and numerical modeling. Using
data mining techniques a number of representative tropical storms events are selected,
then modelled and used to reconstruct the impact and damage series of the whole
hurricane event. This methodology has been successfully implemented in Camus et al.
(2011) and Camus et al. (2013) for fransferring wave climate into shallow waters. The
selection process is one of the key stages of the methodology since the subset of
tropical storms should be representative of available storm conditions. The maximum-
dissimilarity algorithm (MDA) has been proved fo identify a subset of tropical storms
comprising the most dissimilar storm conditions in a database (Camus et al., 2011), even

the extreme conditions. The number of representative cases will depend on the size



and variability of the population and will be one of the main assumptions of the

process.

Representative parameters

The characterization of each ftropical storm affecting TT is performed using two

representative parameters. They have been calculated using the following criteria:
o Latitude when the frajectory intersects the meridian -61°W.
e Minimum pressure at the same instant.

The figure below illustrates the procedure of obtaining the representative parameters, in

this case for hurricane IVAN-2004.

Figure 70: Trajectory of hurricane IVAN-2004, minimum pressure and latitude when passing
through the meridian -61°W.
Source: Prepared by the authors.
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Selection of events

The aim of the selection process is to extract a subset of fropical storm events
representative of available extreme event conditions from the simulated database. The
selection technique used is the maximum-dissimilarity algorithm (MDA), one subclass of
data mining fechniques. The subset of representative hurricanes selected by this
algorithm is distributed fairly evenly across the space with some points selected in the

outline of the data space.

The aim of MDA is to select a representative subset of size M from a database of size N.
Therefore, given a data sample X={x1,x2,....xN} consisting of N n-dimensional vectors, a
subset of M vectors {v1,...,vM} representing the diversity of the data is obtained by
applying this algorithm. The selection starts initializing the subset by transferring one
vector from the data sample {v1}. The rest of the M-1 elements are selected iteratively,
calculating the dissimilarity between each remaining data in the database and the
elements of the subset and transferring the most dissimilar one to the subset. The
process finishes when the algorithm reaches M iterations (Camus et al. 2011). Based on
previous studies and the experience of IH Cantabria in the characterization of
hurricane events in the Caribbean we have selected a size of 16 as an agreement
between the number of representative hurricane events and the computational cost-
effectiveness. The whole sample of 320,000 hurricanes simulated can be represented by
16 events, as shown in the figure below, where each hurricane event is represented by

its latitude and minimum pressure when passing through the meridian -61°.

Figure 71: Maximum dissimilarity selection (red points) and hurricane events population.
Source: Prepared by the authors.
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The table below shows the characteristics (representative parameters) of the 16
selected fropical storms, the number of simulated events and real hurricanes. As can
be seen, only one real tropical storm (JERRY-2001) is selected with the MDA technique

as representative from the whole sample of data.

Table 44: Characteristics of the 16 representative tropical storm events.
Source: Prepared by the authors.

NAME YEAR SIMULATION PRESSURE LATITUDE

(mb)
IVAN 2004 5259 948.6909  11.877186
CORA 1978 155 1008 9.0865889
JERRY 2001 REAL 1005.1111  13.411111
HURRICANE

JANET 1955 7234 984.01099 11.163778
IVAN 2004 998 963.84821 9.4891758
EARL 2004 7048 1009.5926 11.432673
JANET 1955 5907 979.76087 12.996039
EMILY 1987 1949 983.94174 9.0784476
EMILY 1987 9721 998.83336 10.298044
IVAN 2004 8278 959.86751 12.955882
EMILY 1987 3560 995.22461 12.25681

IVAN 2004 3495 956.33271 10.746758
EMLY 1987 1419 969.35931 11.584755
EARL 2004 9952 1009.8839 12.454795
EMILY 1987 9182 986.11086 10.142354
JANET 1955 3693 997.03582 11.264422

In order to illustrate the characteristics of the selected tropical storms the figure below
shows, 16 panels with the trajectory of the simulated fropical storms and the frajectory

of the original real hurricane.
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Figure 72: Trajectories of the 16 representative tropical storms (red line=simulated events, blue
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line=real trajectory).
Source: Prepared by the authors.
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5.2.1.1.4. Dynamical modelling of wind, waves and
storm surge

The benefit of using a hybrid downscaling analysis to characterize the impacts and
damage associated with hurricane events falls on the computatfional cost. The
modelling of wind, waves and storm surge for each hurricane using the dynamical
models (VORTEX, SWAN and H2D) described in The Second Interim Report will demand
unviable computational resources. On the confrary, the dynamical modelling of the 16
representative fropical storms and the subsequent reconstruction of the coastal
flooding, wind and rainfall impacts and ifs associated damage using statistical

techniques allows us to carry on a perfect analysis with limited resources.

The dynamical modelling follows a similar scheme to that described in The Second
Interim Report. In this case, as an example, the dynamical modelling of wind, waves
and storm surge for a representative simulated tropical storm and its original real one is

presented. The chosen hurricane is simulation 5259 from hurricane IV AN-2004.



Using the Hidromet-Ranking VORTEX model we have simulated the wind fields for each
position of the frack of the hurricane. The figure below shows the wind fields for two
instants of the trajectories of hurricane IVAN-2004 and its simulated number 5259,
selected as a representative one. As can be seen, the frajectory followed by hurricane
IVAN generated strong winds hifting Tobago (reaching 180 km/h) and the north of
Trinidad. In the simulated event, the modified frajectory described a northward
passage fill Tobago Island, when it generated strong winds impacting the east coasts of
Trinidad and Tobago Islands. When arriving near Tobago it turned in a western direction

generating winds that hit the western coast of Tobago and north of Trinidad.

Figure 73: Wind fields of two positions of the frajectories of IVAN-2004 (at 17:00 pm, left panel)
and the simulation number 5259 (at 21:00 pm, right panel).
Source: Prepared by the authors.
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Using the modeled wind fields and the atmospheric NCEP-NCAR data, the H2D model is
used to obtain the storm surge across TT. The figure below shows the storm surge
generated by hurricane IVAN-2004 and simulation (5259) at concordant positions is
shown in Figure 10. The difference in the trajectory (especially the northward passage of
the simulation is opposite to the westward direction of the real hurricane)leads to
different spatial variability of the storm surge with different impacted zones: in the case
of hurricane IVAN-2004 higher levels of storm surge (up to 3 m) are recorded in the Gulf
of Paria, where most population is concentrated and, in consequence, higher
vulnerability; in the case of simulation 5259 the higher levels of storm surge hit the
southeast and east coast of Trinidad Island, where the a calculated index of

vulnerability is lower.



Figure 74: Storm surge generated at two positions of the trajectories of IVAN-2004 (at 21:00 pm,
left panel) and the simulation number 5259 (at 18:00 pm, right panel).
Source: Prepared by the authors.
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Finally, the wave fields are modelled using the SWAN model (described in The Second
Interim Report). One can see a quite similar spatfial distribution of waves in Trinidad
Island in terms of the significant wave height: the north coast of Trinidad received the
higher waves, up to ? m in the case of hurricane IVAN and up to 8 m in simulation 5259.
However, the wave direction differs in both cases: while hurricane IVAN generates
waves coming from the northwest, the waves generated by the trajectory of the

simulation 5259 come from the northeast, as seen in the figure below.

Figure 75: Significant wave height (m) generated by hurricane IVAN-2004 (at 19:00, left panel)
and simulation number 5259 (at 23:00, right panel) in the instant.
Source: Prepared by the authors.
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5.2.1.1.5. Impact characterization

Using the numerical modelling, the coastal flooding, wind and rainfall impacts are
calculated for each representative event in the receptor points specified in The Second

Interim Report.

The coastal flooding is calculated as the addition of storm surge and wave set up in the
29 coastal points defined. The maximum wind is assessed using the VORTEX model in the
inland receptor points and the rainfall generated by each representative tropical storm
is obtained using the curves of rainfall adapted for TT from Marks and Steward (2001).
Once the impacts from the 16 tropical storms are obtained at the receptor points, the
objective is to reconstruct the coastal flooding, wind and rainfall for each tropical storm
for the population data. For that purpose an interpolation technique based on radial
basis functions (RBF) is used because it is a scheme which is very convenient for
scattered and multivariate data. The RBF approximation has been applied successfully
in many fields, usually with better results than other interpolation methods (Hardy, 1990).

A brief explanation of this reconstruction technique is given in Camus et al. (2011).

The reconstruction of the 320,000 coastal flooding, wind and rainfall impacts for each
receptor point leads into a sample of data that allows statistically characterizing the

historical conditions of each impact.

The figure below shows the coastal flooding corresponding to the 99t percentile of the
distribution. This map shows the most exposed places but also the spatial variability of
the intensity of a high event from the stafistical distribution of coastal flooding. Western
Tobago and the northwest coast of Trinidad experience the higher levels of coastal
flooding (up to 2.4 m) while eastern Tobago and the south of the Gulf of Paria also

registers high levels of flooding (up to 1.6 m).



Figure 76: Coastal flooding (m) corresponding to the 99 percentile.
Source: Prepared by the authors.
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The wind intensity corresponding to the 929t percentile of wind distribution is shown in
the figure below. The spatial variability shows Scarborough as the most exposed place
of TT (up to 125 km/h) and higher wind speeds also occur along the north coast of
Trinidad.

Figure 77: Wind intensity (km/h) corresponding to the 99 percentile.
Source: Prepared by the authors.
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Finally, the rainfall statistics corresponding to the 99t percentile in the figure below,
shows that the most exposed areas are the south of Tobago and the east of Trinidad,

with up to 40 mm of rainfall per tropical storm event.

Figure 78: Rainfall (mm/TS) corresponding to the 99 percentile.
Source: Prepared by the authors.
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5.2.1.1.6. Historical damage assessment

Once the coastal flooding, maximum wind and rainfall for each tropical storm data are
calculated, the next step is to assess the damage associated to each impact for each
fropical storm event using the damage functions obtained in The Second Interim

Report.

At this point a cautionary warning should be stated. After working with the damage
functions calibrated in The Second Interim Report, foo high economic losses were
obtained for TS or low category hurricanes which, at first, were not expected to
generate very high damage. The table below provides the damage associated to
some of the representatfive tropical storms obtained with the damage functions
calibrated in the Second Interim Report. As can be seen the economic loss expected
for the simulations of hurricane Ivan are too much higher than that reported. In the
case of simulation 5259 the minimum pressure is lower when passing at the same
longitude and latitude, but losses are almost eight-times higher which seem to be

excessive. Simulation 8278 has higher minimum pressure and cross at higher latitude



than hurricane Ivan but the model provides loss of 160.49 MUSD which is almost five-
fimes more than the real losses reported. Another example is the real tropical storm
Jerry which had 1005 mb of minimum pressure when passed over Trinidad and Tobago
(at high latitude) and the model reported 75 MUSD of economical loss, twice than

those reported for hurricane Ivan.

Table 45: Coastal flooding ranking categories.
Source: Prepared by the authors.

. . . Total
Name Year Simulation Pressure (mb) Latitude Damage(MUDS)
IVAN 2004 5259 948,6909 11,877186 266,7104
REAL
JERRY 2001 HURRICANE 1005,1111 13,411111 75,67600
IVAN 2004 8278 959.86751 12,955882 160,4968
EARL 2004 9952 1009,8839 12,454795 75,67600

Due to this concern, the scored index for each impact was rescaled using the following

new rankings from 0 to 4 shown in the following three tables:

Table 46: Coastal flooding ranking categories.
Source: Prepared by the authors.

COASTAL FLOODING RANGES (m) INDEX DAMAGE SCALE

Table 47: Wind ranking categories.
Source: Prepared by the authors.

WIND (km/h) INDEX DAMAGE SCALE




Table 48: Rainfall ranking categories.
Source: Prepared by the authors.

RAINFALL (mm/TS) INDEX DAMAGE SCALE

Using these new scored categories, the damage functions for each impact were

o, =0.3024

recalibrated obtaining the new values for a parameters: MUDS,

2, =0318 \\yps and % =0-254 \ups. Therefore, the damage functions used to

obtain the associated damage for each fropical storm event were:

29
D, =0.3024-> V. -He (35)
j=1
37
D, =0.318->'V,, -H, (36)
j=1
37
D, =0.254->"V, . -H, (37)
j=1

where V refers to vulnerability in each receptor point and H refers to the hazard in each

receptor point.

The total damage associated with each tropical storm event is computed as the
addition of the economic damage due to coastal flooding, wind and rainfall. As an
example, the table below shows the damage associated to coastal flooding, wind and

rainfall for the 16 representative selected tropical storms.



Table 49: Economic damage associated with coastal flooding, wind and rainfall for the 16
representative hurricanes.
Source: Prepared by the authors.

. . Pressure . Damagecr Damagew Damager Total Damage
Name Year Simulation (mb) Latitude (MUDS) (MUDS) (MUDS) (MUDS)
IVAN 2004 5259 948.6909 11.877186  60.7824 90.63000 40.89400 192.306400
CORA 1978 155 1008 9.0865889 0 29.89200 0 29.8920000
JERRY 2001 Reol 1005.1111 13.411111 0 1.272000 0 1.27200000
Hurricane

JANET 1955 7234 984.01099 11.163778  52.6176 89.67600 40.64000 182.933600
IVAN 2004 998 963.84821 9.4891758  70.7616 89.67600 39.87800 200.315600
EARL 2004 7048 1009.5926 11.432673  3.32640 29.89200 0 33.2184000
JANET 1955 5907 979.76087 12.996039  22.9824 42.93000 0.508000 66.4204000
EMILY 1987 1949 983.94174 9.0784476  42.0336 88.72200 34.54400 165.299600
EMILY 1987 9721 998.83336 10.298044  22.3776 34.66200  0.7620000 57.8016000
IVAN 2004 8278 959.86751 12.955882  26.3088 59.78400 0 86.0928000
EMILY 1987 3560 995.22461 1225681 15.1200 29.89200 0 45.0120000
IVAN 2004 3495 956.33271 10.746758  69.5520 89.67600 50.80000 210.028000
EMLY 1987 1419 969.35931 11.584755  49.8960 69.32400 23.36800 142.588000
EARL 2004 9952 1009.8839 12.454795 0 1.272000 0 1.27200000
EMILY 1987 9182 986.11086 10.142354  35.6832 59.78400 0 95.4672000
JANET 1955 3693 997.03582 11.264422  51.1056 60.73800 20.32000 132.163600

Using the damage data and the minimum pressure in the eye of the hurricane a
damage function has been defined, based on parameters a and b (eq. 4). The figure
below shows the damage data (blue points) and the damage function fitted (0=4.207
and b=1).



Figure 79: Damage function associated to fropical storms events in TT.
Source: Prepared by the authors.
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The damage function defined, the annual rate of fropical storms events and the
theoretical approach described in section 1.1.1, allows characterization of the damage
distribution. A Gaussian distribution is used to statistically characterize the damage, with

Expected Annual Damage (EAD) of 19.6 MUDS and variance of 45.63 MUDS.
5.2.2. Historical drought damage

The characterization of the average annual damage due to drought events is

obtained using the damage function calibrated in The Second Interim Report:

D, =0.6448-H, (38)

First, the average annual drought events and its corresponding index in the scored
scale for the period 1978-2008 is computed. A period of 30 years is considered in the
scientific community as a representative climatic period in terms of mean and variance
for a statistical characterization of the climate (Rosenzweig and Hillel 2008). The mean
score index of annual drought events in the studied period comes to 2.1, which leads

info an average damage of 1.354 $TT.



5.3. Climate change scenarios

In the previous section the current climate risk to tropical storms and droughts has been
evaluated in terms of economic damage. This can be interpreted also as the lack of

adaptation to current climate conditions or a start scenario known as Today's climate.

The uncertainty of forecasting future climate conditions (specially) and future
socioeconomic systems makes into the use of scenario analysis the main tool to help
decision makers. In this section three potential climate risk scenarios (apart from the
Today's climate) are proposed based on the combination of different climate and
socioeconomic conditions. The horizon year for each climate change scenario is 2040
which corresponds to a short-medium term horizon. The inclusion of a short-term
scenario to year 2030 has been considered, but finally rejected since projections for the
year 2040 represent a short-medium-term horizon an the mean conditions for a climatic

period of 30 years.
5.3.1. Changes in the hazard

Two different risk scenarios for defining changes in the hazard are considered:
moderate climate change and high climate change. The moderate change is built on
the average forecast of climate change from all available studies while the high
climate change is built on the outer range of the climate change considered possible
to 2040 by existing studies and expert consulted. The “high change” scenario gives
decision makers a science-based indication of the probable maximum extent of the risk
posed by the hazard(s) in question over the period of the scenario. The “high change”
scenario was developed using the upper end of conditions described in the majority of
IPCC reports and global circulation models published and accepted as likely by the
scientific community. Recenftly, the scientific publications suggest even the highest
IPCC predictions may be much too conservative (for example, sea level rise) so that
the "high change” scenario should not be considered as an extreme or unlikely
forecast (ECA, 2009). The effects of these changes are expressed in terms of sea level
rise (SLR) and changes in the frequency of hurricane events (changes in the annual
rate of hurricanes), and changes in the frequency of drought events. Changes for the
moderate scenario are linked to the results of the IPCC for the emission scenario A1B,

while values for the high scenario are linked to that of the A2 emission scenario.

Sea levelrise is one of the main effects of climate change, especially important in island

states. Mean sea level is a slowly changing variable, combining absolute (or eustatic)



sed level with any regional movement of the land surface. Relative mean sea-level rise
can lead to the permanent inundation of low-lying areas. Besides, increasing sea levels
also confribute to an increasing hazard associated with extreme events, such as
hurricanes. Two main factors contribute to global average sea level rise: the thermal
expansion due to ocean warming and the contribution of land-based ice due to
increased melting. Increasing atmospheric temperatures are leading to warmer ocean
waters, while the addition of new water from glaciers and icecaps and from the ice
sheets of Greenland and Antarctica are making the ocean less saline. Global mean
sed level has risen 210 mm from 1880 to 2009 (Church and White 2011). However,
considerable variability in the rate of increase in the last century has been observed.
Since 1993, high-quality satellite observations of sea level have enabled more accurate
modeling of global and regional sea level change. From 1993 to 2003 global sea level
rose by about 3.1 mm per year, compared to 1.8 mm/year from 1961 to 2003. These
rates of increase are an order of magnitude greater than the average rate of sea-level

rise over the previous several thousand years.

To arrive at the two scenarios the observed trends described below and results from
global and regional circulation models based on the A1B and A2 IPCC 4th AR emission
scenario. Considering sea level rise a rate of of 3 mm/year regionalized with subsidence
rate for the moderate change scenario and 15 mm/year regionalized with subsidence
rate for the high change scenario have been chosen (CCRIF 2010). The subsidence

rate obtained for TT is -0.29 mm/year (DIVA project).

Changes in the frequency of hurricane events is based on a deep review of scientific
literature. Holland G.J and P.J Welbster (2007) reported a considerably increased in the
hurricane frequency in the North Aflantic since the mid-thirfies due to the increase in
the sea surface temperatures, over 0.7°C in the last century. However, Landsea (2007)
attribute this hurricane rate increase to the improvement in the satellite systems of
measure. On the other hand, Knutson et al. (2013) compares ten individual models from
the A1B scenario assessing hurricane activity and obtaining a significant increase in the
frequency of 87% in the late 21st centfury. Based on the state of the art and to be
consistent with the emission scenario used for determining SLR, the annual rate of
hurricane events is considered to be an increase of 30 % for both, moderate and high,
scenarios (the increase obtained in Knutson et al. 2013 for the end of the century

brought to the horizon year 2040).

The effects of the two climate change scenarios considered in terms of SLR and annual
rate of hurricanes when assessing damage associated with hurricane events s

summarized in the table below.



Table 50: S ummary of the effects of climate change scenarios proposed.
Source: Sea levelrise proposed by ECA.

Frequency of

Scenarios Sea Level Rise (SLR) hurricanes

+3 mm/year plus
Moderate Change (C1) local +30%

uplift/subsidence

+15 mm/year plus
High Change (C2) local +30%

uplift/subsidence

Finally, the changes proposed for drought events are based in the extrapolation of long
term trends in the drought signal. The annual time series of drought events based on the
drought index described in the Second Interim Report is shown in the figure below. A
positive long-term frend of 0.025 droughts/year is detected and considered as the

change in the rate of droughts for both moderate and high scenarios.

Figure 80: Time series of annual drought events (blue line) and long-term trend (red line).
Source: Prepared by the authors.
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In the case of drought only one climate change scenario is considered based on the

extrapolation of the long-term trend of annual rate of droughts (+0.025 droughts/year)

to the horizon year (2040).
5.3.2. Changes in the vulnerability

Changes in vulnerability have been developed according to the previously defined
scenarios (see 2nd Interim Report). The main restrictions that have been introduced in

the model are summarized below.



Demographic Scenario:

According with the information collected in previous documents, the demographic

situation in Trinidad by 2040 will be substantially different compared to the present.

1t Local population will decrease from about 1,328,000 at present to 1,243,000 in the

horizon year

2nd Spatial distribution will be homogeneous with present values. Hence the population

distribution will be proportional to present values

3rd Population Vulnerability will increase as the dependent population ratio will double

In accord with these stated premises, the indicators specified will be corrected by

increasing demographic vulnerability index.

Economic Scenario:

According with the information collected in previous documents. The future proposed

economic scenario will show the following trends.

1t Maintenance of agricultural industry performance. The uncertainty about the

direction of the effects of climate change in T&T supports this hypothesis

2nd Increase in vulnerability in oil based industry on the level of available resource. This is
so even though the estimated resource depletion horizons can be subject to debate
due to technological advances and new discoveries, and in any event will be subject
to increasing difficulties. (Any increase on average temperature will modify the

chemical processes involved in the activity).

3rd Homogeneous spatial distribution is concordant with available observed data. This
distribution has showed high correlation with the distribution of road density per spatial

unit
With these assumptions the estimates for damages have been developed.
5.3.3.  Summary of the potential climate risk scenarios

For the analysis of tropical storm events three different climate conditions have been
described previously, while two socioeconomic scenarios are set. The combination of
the different climate and vulnerability conditions lead to the final potential climate risk

scenarios used in the assessment of future economic damage.

Concerning to the climate conditions three different scenarios are considered. The

Today’s climate scenario (C0O) where no SLR is considered. A moderate change (C1)



and a high change (C2) scenario, where regional sea level rise and future frequency of

fropical storm events are defined (table below):

CO =Today’s climate

C1 = Moderate Change

C2 = High Change

When talking about socioeconomic conditions only two scenarios are considered. The
Today's vulnerability scenario (VO) with the current socioeconomic conditions and a
future vulnerability scenario (V1) based on the extrapolation of observed long-term

frends:

V0 = Today'’s vulnerability scenario

V1 = Future vulnerability scenario

The combination of both hazard and vulnerability scenarios lead to four potential

climate risk scenarios (table below).

Table 51: Summary of the final potential climate risk scenarios used in the damage assessment.
Source: Prepared by the authors.

Potential Climate Risk Climate Vulnerability
Scenarios Scenario Scenario
SO (Today's Climate) CO \40)

Si Cl1 VO

S2 Cl1 V1

S3 C2 V1

The Today’s Climate (SO) scenario (with current conditions on the hazard, CO, and the
vulnerability, VO) has been used only to characterize the historical damage due 1o

fropical storms.

The first future scenario considered (S1) combines the moderate change scenario in the
climatic conditions (C1) with the current socioeconomic conditions that is no changes
in the vulnerability (V0). The second future scenario considered (S2) combines the
moderate change scenario in climatic conditions (C1) with future changes in the
vulnerability (V1). Finally, the third future scenario (S3) considers the combination of a

high change in the climatic conditions (C2) and future changes in the vulnerability (V1).



In the case of drought, the lack of data has led to a limited analysis of the damage
associated to climate change scenarios. Only one scenario is considered based on the
extrapolation of the observed long-term trend of the rate of droughts per year to the

horizon year (2040).



5.4. Expected damage of natural hazards under climate

change scenarios

The conclusions infroduced in this sub-section are expected to describe the overall
frend of the situation in T&T in terms of stochastic variables. Hence they shouldn't be
read as accurate predictions for certain damage but as ex-ante predictors of the
future impacts of climate change. The monetization process included serves the
purpose of making results clearly visible and understandable for decision makers, and

not as a representation of a monetary magnitude.

The economic damage associated to tropical storms is obtained in terms of total
damages, with no sector distinction. This is due to the fact that the historical information
of economic loss used to calibrate the damage function provided total economic
losses at a national scale. Therefore, the results obtained cannot distinguish between
economic sectors. On the other hand, the economic damage associated to droughts

is focus on the agricultural sector.
5.4.1. Damage associated to tropical storm events

The total damage associated with tropical storm events for each potential risk scenario
is assessed following the methodology described in section 5.1.2. The aim is fo obtain
the stafistical distribution of damage characterized by its mean (expected annual
damage) and its variance and compare it to the historical damages (Today's climate).
Both statistics depend on the rate of hurricane events, A (Poisson parameter), the
Pareto parameters (o and &) and parameters a and b that define the damage

function.

The relatfive SLR described for each scenario will modify the coastal flooding impact.
Therefore, the coastal flooding associated with each tropical storm event will be

assessed following the next equation:

CF=S5+0.3Hs+RSLa040 (40)

where SS is the storm surge, Hs is the significant wave height and RSL2o4 is the relative
sed level at the horizon year 2040. The regional SLR for the moderate change scenario
reaches +0.073 m while for the high change scenario reaches +0.40 m. Figure 17 shows
the new stafistics corresponding to the coastal flooding associated to the 99t
percentile for Today's climate (C0O) and the moderate and high climate scenarios (C1
and C2).



Figure 81: Coastal flooding (m) corresponding to the 99 percentile for Today’s climate (left
panel), moderate change scenario (central panel) and high change scenario (right panel).
Source: Prepared by the authors.
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Changes in the vulnerability (vulnerability scenario V1) together with changes in the
coastal flooding will lead to changes in the damage associated with coastal flooding,
but also changes in the damage associated with wind and rainfall. After obtaining the
new economic damage for the 16 representative fropical storms and the three
potential climate risk scenarios the reconstruction of the total domage data for each
scenario is carried out. The characterization of the mean and variance of the damage
distribution for each climate change scenarios requires the definition of the new

damage function, based on parameters a and b in the figure below.

Figure 82: Damage function associated to tropical storm events for the proposed climate change
scenarios in TT.
Source: Prepared by the authors.
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Finally, the new rate of hurricane events A=0.66 hurricanes/year for the horizon year
(2040) is introduced in eq. 8. The mean and the variance that characterizes a Gaussian

distribution of the damage associated with fropical storm events for each potential



climate risk scenarios are shown in the table below. One can see an increase in the
mean values of damage depending on the severity of each scenario but also changes
in the variance, which provides a complete characterization of the future damage. An
increase of 6.75 MUSD in the mean damage relating fo historical damage is detected
with moderate climate change and today’s vulnerability (S1), while in the case of
moderate climate change and changes in the vulnerability only represent 3 MUSD
more. A heavy increase is detected in the case of high climate change and changes in
the vulnerability (17.2 MUSD). One can see that, in the case of S3 scenario the EAD
corresponds to an event more dangerous than hurricane IVAN in 2004 (which caused a
loss of 34.111 MUSD, CCRIF 2010).

Table 52: Mean variance and 95% confidence interval of damage distribution for each
potential climate risk scenario. Today'’s climate (scenario S0) is shown in grey color.
Source: Prepared by the authors.

Mean Damage (MUSD/year)  Variance (MUSD/year) 95% confidence

interval
SO 19.5953 45.6387 * 0.2507
S1 26.3465 53.818 *+0.2956
S2 29.3377 59.9283 +0.3291
S3 36.8614 75.2967 +0.4135

The statistical characterization of the damage for different scenarios allows the
derivation of the damage associated with different return periods. The return period is

related to the probability as follows:

where F(x) refers to the cumulative distribution function (CDF) of damage.

The damage associated with the refurn period corresponding to 50 and 200 years
(probability of occurrence of 0.02 and 0.005) is obtained for each scenario as shown in
the table below. Although changes in the mean are not very significant for S1 and $2
scenarios relating to SO, in terms of damage with low probability of occurrence the
changes are more noticeable: 17% of change in the D50 for S1 scenario and 30.2% of
change (almost double) for S2. In the case of S3 scenario the relative change in the
D50 and D200 is up to 63%.



Table 53: Damage associated to 50 and 200 years of return period for each climate change
scenario and relative change from S0.
Source: Prepared by the authors.

Scenarios Dso(MUSD) Dso-Dsoso (%) D200 (MUSD) D200-Dso0 -so (%)

S0 170,115 0 205,883 0

S1 199.012 16,986 239,864 16,505
$2 221,607 30,268 267,098 29,732
S3 278,437 63,675 335,594 63,002

5.4.2. Damage associated to drought events

In this case the damage associated with drought events was obtained for one scenario
where changes in the rate of annual droughts is defined. The definition of the damage
function for drought events does not take into account vulnerability, due to the lack of

available data.
D, =0.6448-H, (42)
were Hp is infroduced in terms of scored index. (Sheffield, 2011)

The number of droughts per year for the horizon year (2040) has been obtained by
extrapolating the long-term trend defined previously, obtaining 4.458 months of drought
in 2040. In order to avoid the lack of information in this step of introducing the intensity
of the hazard into the ranking scale, the long term trend in terms of the scored
dimensionless index and its extrapolation to 2040 has been obtained as shown in the

figure below.

Figure 83: Time series of scored drought index (blue line) and its long-term trend (red line).
Source: Prepared by the authors.
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Using this information the scored index projected to 2040 reaches 2.8 which leads to a
drought damage of 1.815 M$TT in the agricultural sector. In terms of relative change,
the damage associated with this climate change scenario represents an increase of
34% relating to historical damage due to drought events. This is consistent with previous

analysis (Trotman et alt., 2009)



6. ldentification of responses

6.1. Prioritization of actions.

In order to reduce the effects of climate change in Trinidad and Tobago, as required in
the 3@ stage of the ECA methodology, an analysis of the possible actions which could
be developed in the country was carried out. To do so, a tailor-made prioritization
methodology was designed, with which different possible adaptation actions were

assessed and selected for the country level.

As a first step, for the sectors included in the scope of the project - agriculture, industry,
human health, human settlements and water resources - the direct and indirect
consequences of the hazards that Trinidad and Tobago will face due to climate

change were analysed. In the tables below, the results of the analysis are shown:

Table 54: Consequences of the climate change hazards in the agriculture sector of Trinidad and
Tobago.
Source: Prepared by the authors.

Event Direct consequence Indirect consequence

. ) Flooding Harm to agricultural and livestock sites
Torrential rains

Erosion and land loss caused by water runoff

Storm surge Erosion and land loss in low lying zones of the coastal area
Hurricanes and Losses in crops

fropical storms Damage in farms and livestock deaths

Sea levelrise Erosion and land loss in low lying zones of the coastal area

Reduction of crops

Higher incidence of pests and diseases
Droughts Longer dry season

Increase in exploitation and pollution of

groundwater

Table 55: Consequences of the climate change hazards in the industry sector of Trinidad and
Tobago.
Source: Prepared by the authors.

Event Direct consequence Indirect consequence

Torrential rains,  Demolition of poles,
storm surge infrastructure and overall
and hurricanes  material damage

Cuts in electricity and water supply, harming
the industrial activity



Event

and tropical
storms

Sea levelrise

Droughts

Direct consequence Indirect consequence

Higher sinister risk Higher insurance costs

Economic losses caused by the damages in

fiaeing i eeesic] erees the industrial installations

Land loss in coastal areas, affecting particularly some industrial areas located
near the coast to facilitate the delivery of goods by sea
(Point Lisas, Point Fortin)

Higher costs in the water supply infrastructure

Lower freshwater reserves Reduction of the availability of refrigeration
water in power generation plants

Higher demand of desalinated water

Need for more complex water freatment
Worse water quality processes before it can be wused in
refrigeration processes

Table 56: Consequences of the climate change hazards in the human health sector of Trinidad

Event

Torrential rains,
storm surge
and hurricanes
and tropical
storms

Sea levelrise

Droughts

and Tobago.
Source: Prepared by the authors.

Direct consequence Indirect consequence

Demolition of poles,
infrastructure and overall
material damage

Cuts in electricity and water supply, harming
the industrial activity

Higher sinister risk Higher insurance costs

Economic losses caused by the damages to

Flooding in coastal areas . o .
9 industrial installations

Land loss in coastal areas, affecting particularly some industrial areas located
near the coast to facilitate the delivery of goods by sea
(Point Lisas, Point Fortin)

Higher costs in the water supply infrastructure

Lower freshwater reserves Reduction of the availability of refrigerated
water in power generation plants

Higher demand of desalinated water

Need for more complex water freatment
Worse water quality processes before it can be used in
refrigeration processes



Table 57: Consequences of the climate change hazards in the human settiements sector of

Event

Torrential rains,
storm surge
and hurricanes
and tropical
storms

Sea levelrise

Droughts

Trinidad and Tobago.
Source: Prepared by the authors.

Direct consequence Indirect consequence
Damage in coastal areas caused by erosion and the modification of wave
patterns

Economic losses, particularly in the most
vulnerable areas, due to increased cosfs
per family due fo the need for restoration

Damages in infrastructure

Higher incidence of stomach diseases
caused by the bad state of water and food

Increased presence of
pathogens in food and water

Possibility of transmission of infectious diseases

Higher risks of flooding for households
located in those areas

Oxidation processes of infrastructure
accelerated

Reduction of beach surface and
higher risk of flooding in coastal
areas

Lower availability of water for human
consumption
Higher dependency from desalinated water

Change in precipitation
frends, reducing the water
reservoirs

Climate change can affect precipitation tfrends, causing anomalous rain
distribution, which can lengthen the rain season or reduce if, as well as the
annual mean values

Lower availability of water for human
consumpftion

Higher water demand in industry
and agricultural sectors

Table 58: Consequences of the climate change hazards in the water resources sector of Trinidad

Event

Torrential rains,
storm surge and
hurricanes and
tropical storms

Sea levelrise

Droughts

and Tobago.
Source: Prepared by the authors.

Direct consequence Indirect consequence

Higher demand of drinking water in emergency situations

Pollution of groundwater reservoirs in
urban areas

Higher incidence of stomach diseases
caused by the bad state of water and
food

Possibility of transmission of infectious diseases

Damage in water supply infrastructure in
those areas

Lower availability of water for human

Higher number and frequency
of floods

Increased presence of
pathogens in food and water

Flooding in coastal areas

Lower recharge of water consumption
. 9 . Higher dependency from desalinated
reservoirs and, therefore, in the water

IS MEIET Ve Higher competition between sector

caused by the lower availability and the



Event Direct consequence Indirect consequence

higher demand

Increase in the concentration of bacteria
in wastewater, causing groundwater
pollution

Climate change can affect precipitation frends, causing anomalous rain
distribution, which can lengthen the rain season or reduce it, as well as the
annual mean values

After analyzing the direct and indirect consequences, the identification of the priorities
of the country in adaptation terms was carried out. Therefore, from those direct and
indirect consequences, the priorities in terms of climate change adaptation for Trinidad

and Tobago can be defined as:

5) Prevent flooding in:
a. Human settlements
b. Industry
c. Agricultural land
6) Prevent the erosion of
a. Coastal land
b. Agricultural land
7) Reduce the damage caused by exireme events (tropical storms, hurricanes,
droughts, heat waves), in the:
a. Human settlements
b. Industry
c. Agriculture
8) Guarantee the water supply to the
a. Human settlements
b. Agriculture
c. Industry

The next step in the prioritization methodology was the analysis of the actions, which
was carried out considering different approaches. On the one hand, the results of the
country priorities were considered by determining which priorities every action would
respond to. Additionally, for every action, an evaluation of specific parameters which
would likely act as barriers to implementation was carried out. These parameters
included: economic requirements, legal capacity, institutional capacity, technological

capacity and social capacity.



Since not all the parameters have the same relevance for the implementation of the

actions, they were classified depending on their importance as shown in the table

below.
Economic
Parameter .
evaluation Legal
Importance Absolutely Essential
essential
Non-
High CB existing
framework
Possible

values

Table 59: Analysis of priorization parameters for the actions.
Source: Prepared by the authors.

Institutional

Essential

Not considered
in
governmental
plans

Undefined
institutional
mandate

Capacities

Technological

Essential

Innovative
technology with
few trials

Social

Very important — insurmountable
barrier

Not supported by
the general
population

High investment
and participation
of the private
sector required

Once several climate change adaptation options were identified, an analysis of each

measure based on the parameters shown in the table above, the priorities they

respond to and previous success cases was executed. For the parameters, a weighted

mark was given based on the economic evaluation and the different capacities. In the

table below, the full analysis carried out is displayed.
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Based on the results from the table above, all the actions with a weighted mark equal
or higher than 22 points, which was considered the threshold for the implementation of
the action, would considered to not face too many difficulties and were selected. Only
one exception was made in the case of desalination technology. Even though it
received a score of 24 points, it was discarded because the technology is already
installed in the country, it has a very high cost-benefit, and there are certain issues
related to its operation, environmentally speaking, that make it less suitable than other

actions from a sustainability perspective.

In the table below, a summary of the results is shown. As can be seen, all the not -
selected actions have a lower mark than 22, except for the desalination fechnology,

which was not included for the reasons mentioned above.

Table é1: Summary of the action prioritization.
Source: Prepared by the authors.

Action Weighted score  Selected
National Building Code 29 Yes
Construction of dikes in coastal areas 23 Yes
Meteorological Alert System connected to the Monitoring System 30 Yes
Emergency Protocols 29 Yes
Social Awareness Program 58| Yes
Institutional Training Program 33 Yes
Rainwater harvesting 27 Yes
Infrastructure and Building Reinforcement 22 Yes
Retention ponds & Yes
Filter Strips 32 Yes
Permeable pavements 23 Yes
Beach nourishment 26 Yes
Mangrove Restoration 30 Yes
Parametric Insurance Scheme 30 Yes
Agriculture & Climate Change Research Unit 31 Yes
Green Roofs 26 Yes
Climate Change Adaptation Tool 26 Yes
Sustainable Drainage Systems 29 Yes
Coral Reef Protection and Restoration 8 Yes
Resettlement of population 15 No
Elevation of infrastructure 18 No
Pumping systems 20 No
Cover crops 21 No

Desalination technology 24 No



In addition to these actions, one additional action was suggested during the
stakeholder workshop as a possible measure to be analysed. The suggestion was 1o
include a survey in order to help policymakers and practitioners understand the general
public’s basic knowledge on climate change adaptation and natural disaster risk
management. This suggestion was added as measure TTA 17: Climate Change Survey

for the General Public.

6.2. Review of identified actions.

Once the actions were prioritized, the shortlist of climate change adaptation actions
was developed further. The list includes sixteen actions, which are classified depending
on the type of action, the sector they focus on and the type of investment required.
There are four different types of actions: technological/procedural optimisation
responses, infrastructure and asset-based responses, systemic/behavioural responses
and risk transfer via insurance and alternative financial solutions. Those actions affect
the human settlements, coastal zones, human health, water resources and agriculture
sectors. Finally, the investment required for each measure may be provided by public

investments, private investments, or both.

The table below describes how each of these measures is defined based on these

categories:
Table 62: Identified adaptation actions for Trinidad and Tobago.
Source: Prepared by the authors.
Action T f
' Title Type of measure . ypeo Sector
code investment
Technological | Publi H
TTA1  National Building Code Tccinological/procedural — Public uman
optimisation responses investment settlements
Coastal Zone Infrastructure and asset- Public
TTA 2 S . Coastal zones
Protection in Trinidad based responses investment
Meteorological alert
gl Systemic/behavioural Public Human
TTA 3 System connected fo .
. responses investment settlements
the Monitoring System
Systemic/behavi I Publi H
TTA 4 Emergency Protocols ystemic/behavioura . VLlce uman
responses investment settlements
ial A temi havi | Publi
A5 Social Awareness Systemic/behavioura ' ublic Human health
Program responses investment
TA G Institutional Training Systemic/behavioural Public Human
Program responses investment settflements
TTA 7 Ssiimvsier hemes g Techriwolloglicol/procedurol . Private Water
optimisation responses investment resources



Action Type of
Title Type of measure . yP Sector
code investment
Infrastructure and Infrastructure and asset- Private Human
TTA 8 - . .
Building Reinforcement based responses investment seftlements
Publi
. Infrastructure and asset- Ub.lc and Water
TTA 9 Retention ponds private
based responses . resources
investment
Infrastructure and asset- Puplic and
TTA 10 Filter Strips private Agriculture
based responses .
investment
T 0] PeiineslH pevEineEis Infrastructure and asset- . Public Human
based responses investment settlements
Beach Restoration and Infrastructure and asset- Public
TTA 12 L . Coastal zones
Protection in Tobago based responses investment
TA 13 Mong.rove. I?es’rorohon Infrastructure and asset- . Public Coastal zones
in Trinidad based responses investment
Parametric Insurance Risk tfransfer via insurance Public and
TTA 14 and alternative financial private Agriculture
Scheme . .
solutions investment
TA 15 Agriculture & Cllmo‘re. Techl'.mol.ogl.col/procedurol . Public AUl
Change Research Unit optimisation responses investment
Infrastructure and asset- Pub!|c and Human
TTA 16 Green Roofs private
based responses . settlements
investment
Climate Change . . .
! 9 Systemic/behavioural Public Human
TTA 17 Culture Survey for the .
. responses investment settlements
General Public
. Publi d
Mangrove Restoration Infrastructure and asset- y .|c an
TTA 18 . private Coastal zones
in Tobago based responses .
investment
Coral Reef Protection . . .
TTA 19 and Restoration in Systemic/behavioural . Public Coastal zones
responses investment

Tobago

Due to the paucity of technical information, there is a certain lack of detailed analysis
for some of the actions. It should be stated that this report includes a first assessment of
many adaptation measures that could be carried out in Trinidad and Tobago;
however, before the implementation of any of these actions, a more detailed analysis
should be developed retrieving as much available information as possible from relevant

stakeholders, including the affected population and government agencies.

The proposed actions may face some barriers for their implementation in economic,
social, institutional or fechnological terms; however, the factors related fo these actions
specifically are not the most relevant in terms of affecting the success of
implementation. Due fo its characteristics and economic organization, Trinidad and
Tobago's structure is built around some economic mechanisms that differ from those of

many other countries. The oil and natural gas resources of the country have created an



environment in which taking action against climate change and its effects may seem

like a very complicated task.

To change this situation, the country will have to face several challenges, which may
imply changing some of the most characteristic features of its economic system. In fact,
some mechanisms such as property, taxes and prices, which worked in a context
without the effects of climate change, may need to be completely modified if climate
change is taken into account. Otherwise, their negative effects could worsen the

effects of climate change in the country.

Additional insight about the characteristics of the identified measures can be obtained
by analyzing the actions using three different parameters. The first parameter is the type
of action to implement. In this assessment, as explained before, four different types of
actions have been defined: technological/procedural optfimization responses,
infrastructure and asset-based responses, systemic/behavioural responses and risk

transfer via insurance and alternative financial solutions.

As shown in the graph below, nearly half of the proposed actions are infrastructure and
asset-based responses. The rest of the actions are divided between the
systemic/behavioural responses, with a total number of six actions, the
technological/procedural opfimization responses that account for three actions and

one action focused on risk transfer via insurance and alternative financial solutions.

Graph 11: Actions by type.
Source: Prepared by the authors.
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Another characterization is the type of investment required for the action: whether the
funds are provided by the public sector, the private sector or both. Due to the features
of the proposed actions, more than half of the actions would need to be funded by the

public sector, while five would make use of combined public and private funding and



only two actions would be funded entirely by the private sector of Trinidad and

Tobago.

In some cases where both private and public investment is required, Public Private
Partnerships may be considered to incentivize private sector investment in order to help
promote a public good. Partnerships can be defined as “two or more organizations
that enter into a collaborative arrangement based on (1) synergistic goals and
opportunities that address particular issues or deliver specified tasks that single
organizations cannot accomplish on their own as effectively, and (2) situations where
individual organizations cannot purchase the appropriate resources or competencies
purely through a market transaction” (Caplan, K., et al, 2007). The Pevensey Bay Sea
Defence Scheme, which was the first sea defence project in the world to be funded as

a Public Private Partnership, explains the Public Private Partnerships process as:

1. Bidders are invited to provide offers for the delivery of services over an extended
contract period, typically in the order of 20 to 30 years.

2. A successful bidder is usually expected to fund the design, construction and
commissioning of all assets necessary to provide the service.

3. Once the service is available for use, the Contractor is paid an agreed periodic
sum that is dependent on the level of service provided.

4. The long term contracted cash flow offers security for the Confractor to raise the
finance fo fund the asset construction.

5. Throughout the contfract period the Contractor is responsible for the

maintenance of the asset.

They state that within these partnerships, “the prime objective of both is fo obtain better
value for money in major public procurement and to secure the provision of improved
public services more quickly than would be possible under more tfraditional routes”
(Pevensey Coastal Defence Ltd, 2002). Partnerships can be a good tool in order to
promote innovation in problem solving and can bring a plethora of diverse resources to
the table. They also, however can be quite complex given that each partner often has
a different view on how to achieve the partnership’s goal and often have different
drivers for being part of the partnership (Caplan, K., et al, 2007). Public Private
Partnerships require a significant amount of resources to develop and maintain and
therefore should only be considered in cases where traditional confractual relationships

are not possible.

For the several measures presented in this study which could require both public and

private investment, most of these initiatives involve investments on both private and



public land and therefore incentivization may be required in order to motivate private
owners to invest in adaptive measures. This incentivization could be made through
subsidy or tax exemption programs thereby having both the public and private sectors
jointly investing in the projects. Other measures could include using community based
projects in which Nongovernmental Organizations (NGOs) and Community Based
Organizations (CBOs) work to promote the activity as a community adaptation
measure, involving in-kind resources from the community, such as labour and
organizational management, and the public sector providing funding for larger
infrastructure related investments. In measures where these types of investment
structures and relationships are possible, some specific options are discussed in the

measure’s description detailed in the next section.

Graph 12: Actions by type of funding.
Source: Prepared by the authors.
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The last classification of the measures is based on the sector they affect. It should be
noted that the same actions may have effects on several sectors; however, for the
assessment, the sector which the action would affect the most was chosen. As shown
below, the human settlements sector includes the most actions. In the case of the
coastal zones, five actions have been developed. Three actions have been
developed for the agriculture sector, while two actions focus on the water resources of

the country and one action is focused on human health.



Graph 13: Actions by sector.
Source: Prepared by the authors.
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6.3. Description of the actions.

For every action, an assessment of its implementation and consequences was
developed. Below, a detailed analysis of the actions is included. The analysis includes
the objective of the action, an explanation of success cases in implementing this action
in other countries, the preliminary considerations for the action and a detailed
description of every action. Additionally, the description provides the implementation
period and expected impacts of every action and the economic, technologic, social,
institutional and legal capacity required for the implementation of every action. In the
last part of every sheet, the results of the cost-benefit analysis are shown, including the
benefit-cost ratios of the actions and the pay-back, as well as the total benefit and

total cost of every measure.

For a better understanding of this section, it should be mentioned that the economic
assessment of actions TTA 4 and TTA 6 was carried out jointly due to the features of
these actions. Therefore, the results of the costs and benefits of these actions are

displayed in the sheet of the action TTA 6.

Additionally, it should be noted that TTA 14 does not have any measureable economic
benefits, as it is considered that insurance programmes do not modify the overall
damage caused by the extreme events. They are useful from a cost-efficiency
perspective, but not from a cost-benefit approach, because the economic damage is
the same whether or not the insurance programme is developed; the only difference is

the way in which that economic damage is covered.

TTA 17 also does not have any economic benefits that can be calculated. The survey

will provide information to both policy makers and practitioners, yet without knowing



the results of the survey, it is impossible to determine the impact of this information in

economic terms.

6.3.1. TTA 1: National Building Code

To develop and implement a code that establishes the building specifications needed in Trinidad and
Tobago in order to provide new consfructions that are resilient to tropical storms, floods, earthquakes,
landslides and rainfall.

The use of building codes is a worldwide accepted measure in order to prevent losses from natural
disasters. In fact, building codes have proven to be a very successful measure in terms of earthquake
damage prevention in countries like Japan and Chile. In Japan for example, when the Great East Japan
Earthquake took place, litfle damage was caused to the buildings designed under the current code by
the earthquake itself.

Particularly, in terms of losses caused by fropical storms and tropical storms, in the American area of Grand
Isle, located in the Gulf of Mexico, it was proven during fropical storm Isaac that making good use of a
building code can prevent losses to a relevant extent. In fact, in Grand Isle, after tropical storm Katrina, the
building code was enforced and elevated houses were constructed following the new guidelines. When
fropical storm Isaac took place, it was found that the damage in the area was clearly reduced, and
furthermore, for the elevated homes built under the current building code, no damage was done.

Building codes are also useful when energy savings are needed, as determined by the different states of
the USA when analyzing the benefits of building energy codes.

Lastly, in a study done for the Florida Department of Community Affairs called "Florida Building Code Cost
and Loss Reduction Benefit Comparison Study", found that the updated Florida Building Code will benefit
Florida homeowners and that "the initial construction cost differential may potentially be offset with
reduced deductible costs, insurance costs, and recouped market value of the Building Code
improvements."

There is already a Building Code Committee working on the development of the Building Code. Therefore,
the results of the activities carried out by the committee as well as the current status of the development
of the building code need to be assessed and considered before proceeding with the sectoral analysis or
the development of the code itself.

Furthermore, the decisions taken in the Natfional Spatial Development Strategy of Trinidad of Tobago
should also be considered in the design of the Building Code. The Building Code needs to be
complemented by the implementation of the National Spatial Development Strategy of Trinidad and
Tobago, in which the future spatial development of Trinidad and Tobago is established. This would be the
first step for a good implementation of the building code, because it would avoid poorly managed or
uncontrolled construction and therefore prevent the risks associated to these practices.

Additionally, before the implementation of this acfion, it would be necessary to ensure that the
mechanisms needed for a widespread implementation are developed. If the building code is established
but not enforced, its purpose would not be met.

Using the Smalll Building Code as the base and adding methodologies for big buildings, a National Building
Code can be developed so that architects and engineers have a framework fo provide new buildings
with climate change resilience. The Association of Professional Engineers of Trinidad and Tobago (APETT),



which could develop technical work for the structural components based on the International Building
Code (IBC), the Trinidad and Tobago Bureau of Standards (TTBS), which could develop architectural
sections and technical work for the structural components and the Trinidad and Tobago Institute of
Architects (TTIA), which would focus on architectural sections, could participate in the project as they did
in the Smalll Building Code.

This action includes assessment that needs to be carried out before developing the Building Code. A
sectoral analysis should be done to define the current situation of the buildings of Trinidad and Tobago as
well as the consultancy work related to the development of the building code itself.

When designing the building code, the hazards faced by Trinidad and Tobago need to be considered.
Apart from tfropical storms and tfropical storms, earthquakes and tsunamis should also be taken into
account. Furthermore, the possibility of including energy saving designs should also be assessed.

Once the building code is created, it would need to be passed into law. The full implementation of this
measure would require hiring several technicians who would, on one hand, be responsible for
disseminating the key features of the building code among the construction sector of Trinidad and Tobago
and, on the other hand, ensure that the specifications of the code are met for all construction projects
carried out in the country. The engineers would also take part in the development of the new code,
providing assistance to the government.

It should be highlighted that, for this action, it is particularly important to have well trained inspectors, who
can ensure that all the new buildings are built according fo the specifications of the building code.
Otherwise, the building code would be useless. In Grand Isle, USA, for every new construction, at least six
inspections are carried out and if all the requirements of the building code are not met, the construction
cannot carry on.

2014-2030

Applying a set of simple techniques to make buildings more resilient to climate change effects (fropical
storms, floods or earthquakes) could avoid thousands of dollars in infrastructure losses. In addifion fo
infrastructure losses, there are several industry facilities that could suffer from floods, which could eventually
stop their production.

There are many examples of the success of building codes in earthquake prone areas, as well as
documented examples of their effectiveness when preventing fropical storm and fropical storm losses.
Additionally, building codes are currently being considered as one of the paths to reduce the energy
consumption of buildings.

Therefore, in Trinidad and Tobago, the establishment and enforcement of a comprehensive building code
would help prevent losses by natural hazards and could also be effective in ferms of reducing the energy
consumption in buildings.

This investment is low compared with the losses which could be prevented if the building code was
enforced. It is not a capital-intensive measure and part of it is already done by means of the Small Building
Code. The necessary investment is basically that of the previous analyses needed for the design of the
code and the investment needed for the enforcement of the code, which would be made through the
hiring of civil engineers who would supervise the construction projects of Trinidad and Tobago.

Building codes for the purposes needed in Trinidad and Tobago have already been developed in several
countries. In fact, there is an already existing International Building Code which could be used as the base
for the development combined with the Small Building Code of Trinidad and Tobago. The International
Building Code is widely used in the USA and in other countries like Japan or Chile good examples of



building codes adapted to the necessities of earthquake prone countries can be found.

In terms of technological capacity, it is crucial to ensure that the analyses carried out before the
development of the building code provides the necessary data for the development of the code in tferms
of the hazards faced. Otherwise, the design of the building code would be incomplete and the objectives
intended by its development not met.

Once the National Building Code is written, its publication and distribution is one of the key phases of the
program. Architects, engineers and agents who would make use of this code need to receive enough
information on its implementation and requirements. The general public should know about its existence
foo, so they can demand the adaptation of their buildings to the code.

Building codes are many times seen as useless codes which only increase the costs of construction. It has
been proven even in places where natural disasters cause high losses and building codes are a very useful
tool. For instance, in Grand Isle, many voices criticized the new building code, because it was considered
as an extra burden in the construction costs. Therefore, it is important to raise awareness among the
population on the usefulness of the code, to convince them about the good effects of its enforcement.

On one hand, the governmental must fully support the project due to the large impact it could have in the
adaptation to climate change in the country. On the other hand, other institutions participating in the
project (TTIA, TIBS and APETT) are the ones who would define the quality level of the final product by their
commitment. Having already developed a Draft Small Building Code, there is already some experience in
the country and the previous experience would be very valuable in the implementation of a
comprehensive building code.

The institutional responsibilities to complete this action would be held by the Ministry of the Environment
and Water Resources. Currently the development of a National Building Code is being discussed in
Trinidad and Tobago, therefore, it is considered in governmental plans. In fact, there is a National Building
Code Committee which is working in the development of the code.

However, the most important fact in terms of institutional capacity is the need of the Government of
Trinidad of Tobago to ensure that the building code is enforced. The development of a building code is
never complete if the building code is not used, and in many places, when doing so, several difficulties
were found. Therefore, only a firm response from the Government, ensuring that if the building code is not
respected, construction cannot carry on, would facilitate its enforcement and foster its effectiveness.

Even if there was a Draft for a Small Building Code, in Trinidad and Tobago, currently, there is not a legal
framework regarding building codes. Additionally, once the National Building Code is finished, it would
need to be passed into a law. Otherwise, the objectives expected with the building code would not be
met; when not mandatory, building codes are rarely put into effect.

Benefit-Cost ratio 15.9 - Total cost 4,529,327 S
Pay-back 1.9 Year(s) Total benefit 72,151,025 S



6.3.2. TTA 2: Dike Construction in Trinidad

To build barriers that can provide protection against 1.5 meter sea level rise to avoid floods in coastal zones.

Dikes are a widely used method worldwide for the prevention of flooding. In fact, in The Netherlands, the river
flows have been managed by more than a thousand years. These structures have been used as a protective
measure in several countries even before the hazards caused by climate change were taken into account,
as proven by the already mentioned example of The Netherlands or the infrastructure in other flood prone
areas like New Orleans (USA) or the Mekong River (Vietnam).

In the Netherlands, the flood prevention system is built with the objective of being able to face storms that
would occur only once in 10,000 years. To do so, the prevention systems are reinforced and supervised
continuously to prevent damage instead of working after the damage is done. In the flood prone regions,
such as the already mentioned areas or others like the British Columbia in Canada, currently the efforts are
devoted info adapting the existing systems to the predicted future conditions, faking into consideration the
effects of climate change. The Economics of Adaptation to Climate Change developed by the World Bank
for Vietham also considers the reinforcement of the coastal and river defences as a key necessity of the
adaptation strategy of the country.

Additionally, in Barbados, a Coastal Zone Management Unit was established to carry out and monitor the
shoreline protection program, guided by the Coastal Zone Management Plan. The Unit looks at the impacts
on coasts from commercial and housing development, drainage, ocean fides and currents, storm and
hurricane probabilities, coral reef ecosystems and the rising sea level caused by global warming. It promotes
engagement from all stakeholder groups involved in coastal management. Seawall construction, including
rip raps, is one of its main infrastructure choices for infervention (Scruggs, G. and Bassett, T, 2013). These
construction projects “involve either a riprap design of large rocks or a flat, concrete seawall that can create
public space aftractive to both tourists and residents, such as the Richard Haynes Boardwalk, partially funded
by an IDB loan. Because these techniques can sometimes exacerbate erosion and require more expensive
maintenance than natural interventions, their long-term efficacy is up for debate, but, in the short term, they
protect the coastline and the tourism industry” (Scruggs, G. and Bassett, T, 2013).

The validity of those systems is proven when extreme events take place in terms of the consequences of
those events. For instance, in New Orleans, the effects of fropical storm Katrina proved that the existing
system was not valid to ensure the security of the city, and, subsequently, they are being modification to
provide better results. This path of action is similar to that observed in The Netherlands, where after a
devastating flood in 1953, the dike system was widely reinforced and became a country-level priority.

The areas in which the barriers are proposed have been chosen for their high population-density and,
therefore, vulnerability. However, before the implementation of the action, a more detailed assessment
would need to be carried out to determine the needs for every particular area and the best consfruction
solution. To do so, a couniry-level assessment on flood risks is necessary in order to identify the most
vulnerable areas. It should not be forgotten that the assessment should also include the effects of climate
change, both in terms of sea level rise and recurrence of fropical storms and fropical storms. Therefore, a long
term Coastal Management Plan would be required before the development of this action or any similar
initiative. In fact, the need for a Coastal Management Plan is also observed in the Draft of the National
Action Programme to Combat Land Degradation in Trinidad and Tobago 2006-2020.

Consultation should also be made with the Integrated Coastal Zone Management Steering Committee, in
order to ensure that the activities undertaken in this measure are in line with the integrated Coastal Zone
Management policy framework, strategies, and plan currently under development by this entity. This analysis
should also include looking holistically at the other measures detailed in this study and understanding where



and how they should be integrated together. While the measures are analyzed individually in this study,
many of these measures would have increased impacts if they were implemented in conjunction with other
proposed measures. Many of the measures regarding coastal management, including the construction of
dikes (described here), the restoration of mangroves (TTA 13 and TTA 18) and the protection of coral reefs
(TTA 19), will have improved results if jointly implemented. These measures should therefore be looked at
holistically and strategically when deciding which activities to implement, ensuring that possible mutual and
re-enforcing benefits are captured.

Also, possible Best Practices regarding coastal management planning and stakeholder engagement could
be looked at, including the Coastal Management Unit in Barbados, as described in the previous subsection
on Previous Experiences and Success Cases.

Due to the lack of more detailed flooding information of Trinidad and Tobago (detailed information for Port
of Spain is available, for not for other areas), the areas were chosen in order to obtain the necessary
information for the economic assessment of the action, but a comprehensive analysis in terms of coastal
management was not carried out. As a result, some of the selected areas may already have protection
systems and some areas not considered in this action may also require reinforcement. In fact, as stated
above, a Coastal Management Plan including a complete local assessment considering the flood regime of
the island and the effects of climate change is necessary to detect the areas in which this action would be
the most suitable and the best way to implement coastal reinforcement, considering other types of dikes or
measures available.

Description of the action

The example action consists in building barriers in coastal zones. Due to its cost-benefit ratio, the barrier type
chosen is the riprap. This action includes excavation of a dike root, fransportation of the riprap, filing with
gravel and revegetation of the area. The dike has a 5 meter width root, 2 meter deep, 1 meter on top and it
is 3.7 meter high. The barriers would be set in six different areas: City of Port of Spain (6.5 km), City of San
Fernando (8.5 km), Westmoorings - Diego Martin (5 km), St. Andrews (5.03 km), Diego Martin river (1.2 km) and
Carenage (0.5 km).

The action would be developed progressively, taking place the construction of the infrastructure in several
years. In fact, the action, under these conditions, would not be completed until 2030. However, some
sections would be operative in 2020, which means that the benefits of the action, that is, the losses avoided
by the improvement of the dikes, would be observed already in 2020.
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The most significant natural hazard risk in the Caribbean is tropical storm risk. Particularly because of the
possible large span of territories that could be impacted by any single event (CCRIF, 2013a). Although
Trinidad and Tobago is not in the main Atlantic hurricane beltf, the potential o be hit by fropical storms still
remains, as has happened in the past from a number of tropical cyclones and from the direct impact of two
hurricanes since 1850. Strong winds, heavy rainfall and storm surge are some direct hazards associated with
fropical storms. Other secondary hazards which can generate important damages are inland flooding
generated by the intense rainfall, coastal flooding caused by the storm surge or landslides as a result of the
combination of rainfall and flooding. In fact, these risks are the main impacts of tropical storms that affect the
Republic of Trinidad and Tobago.

The proposed barrier would protect the coastal zone avoiding the sea water flooding the areas close o
coast line buildings and other infrastructure. It would also provide protection to agricultural areas set near the
sea line. As an indirect effect, the dike construction would also stimulate the employment, especially in the
construction area. The negative aspects of the implementation of this action are mainly its disruption of the
coastal dynamics, which may have adverse effects on the ecosystems.

As stated previously, this is a widely implemented action in flood prone areas, having proven its usefulness in
many cases. It is important to highlight that the impact of the action will only truly be observed after the
extreme events take place, when it is possible to compare to the consequences of other similar events that
happened previously.

The investment required for this adaptation measure is high in absolute terms; however, compared to ifs
benefits, it is definitely a more than reasonable investment. Sea level rise will happen, yet there s still plenty of
fime to prepare the counifry, meaning that the investment can be distributed throughout the next 10-15
years. This implies that the action does not require a very intensive economic investment as it can be carried
out gradually. The participation of the APETT and the TTIA could be established as a social cooperation plan
so a lower budget could be required in exchange for social benefits for the APETT and the TTIA.

It should be noted that, regarding the benefits of the action, until 2020 no benefits are obtained from it since
there is not any completed rip-rap section until that year. Therefore, for this action, a wider time-frame would
provide a better result in the cost-benefit analysis, because after all the construction work is over, the benefits
would overcome the costs.

It should also be considered that, in terms of economic capacity, the experience obtained from the
implementation of this action in other countries. A key feature of this kind of action is that benefits are only
observed if extireme events take place. Therefore, many times, due to the volume of the required investment,
this type of infrastructure is observed as unnecessary. However, as it has been shown in previous experiences
through the case studies, the development of this kind of infrastructure as a part of a long term coastal



management plan provides more benefits than costs.

This measure is likely not a good candidate for public private partnership given that the incentives for private
owners and companies does not warrant private ownership or contractual agreement of the public good. In
fact, as explained in the Pevensey Coastal Defence scheme, which was the first sea defence project funded
ad a Public private Partnership, “in order for the Contractor to be able to innovate and assume risk, a project
needs to comprise a suitable asset/operational split. If the vast majority of the whole life project cost is
attributable to the early provision of an asset, for instance a concrete sea wall, value for money is unlikely to
be achieved and the project may be little more than a hire purchase scheme. As a general rule at least 50%
of the Present Value (PV) costs of a PFI/PPP project need to be made up of annual maintenance and the
provision of auxiliary services” (Pevensey Coastal Defence Ltd, 2002).

This technology was already developed in some of the coastal areas of Trinidad and Tobago. Therefore,
there is experience in the country in terms of constructing dikes. However, it would be interesting to consider,
when analysing the implementation of the action in depth, the latest technologies implemented in countries
that can be regarded as the path to follow, such as The Netherlands. The technologies might not be directly
exportable, but would help define the best options for Trinidad and Tobago considering the latest advances
in the development of coastal protection measures.

Even if it is regarded as the best example for the implementation of this technology, the construction of dikes
is many times regarded as a controversial issue - even in The Netherlands. The visual effect, in aesthetic terms,
of this kind of infrastructure is evident and many times the population does not cope well with the
construction of dikes. However, if the effect in terms of disaster risk reduction and prevention of losses is well
understood, the negative atfitudes are usually less. For instance, in the Bulgarian municipality of Shabla,
various structures were built to safeguard the coastline and ensure the livelihoods of the local communities.
The measures proved effective to "hold the line", stopping the erosion problems of the area, and the
increased safety has allowed other economic activities to develop e.g. eco-tourism.

The most negative effects found in Bulgaria are those connected with the aesthetics because the concrete
walls and the stony dykes are not compatible with the normal natural landscapes in this area. However, a
conscious decision was taken to compromise the natural landscapes in favour of the coastal protection
facilities, reaching a compromise between the negative effects in terms of aesthetics and the positive effects
in terms of disaster risk reduction. A similar approach could be used in terms of social capacity for Trinidad
and Tobago.

In some cases, this project may run into private lands in which, public private agreements will need to be
made in order to continue. These agreements will need to be undertaken on a case by case basis, as some
private owners may be interested in working with the public sector to protect their own property, while others
may not agree to the construction of a dike along their coastal property. In some cases, compensation for
land acquisition may be required and in others, although unlikely for this action, resettlement may need fo be
considered. It is recommended that this process be done through stakeholder dialogue, and be
incorporated within the larger integrated coastal management framework in order to ensure that all private
owners are heard and understand the bigger picture within which their participation is required.

For this action, the institutional capacity is important, firstly, in economic terms, because the investments need
fo be assumed by the government. However, the role of the Government of Trinidad of Tobago would need
to deliver other aspects as well. As stated previously, this measure focuses its benefits in the prevention of risks,
that is, on acting before the disaster takes place. Therefore, it is important to change the perspective on how
to act when natural disasters take place.

For instance, when fropical storm Shandy reached the east coast of the USA, it was proven that even if in
terms of disaster management the USA is one of the leading countries, in terms of disaster prevention their
procedures need to be improved. That is the change of aftitude that the Government of Trinidad and



Tobago needs to promote both within the authorities and the general population, going from repairing the
damage after it has taken place, to preventing the damage before it happens.

Furthermore, the institutional capacity is required also for the development of the action within a national
strategy in terms of coastal areas protection. There is already a National Action Programme to Combat Land
Degradation in Trinidad and Tobago 2006-2020, which should be considered. The action programme is
defined in broad terms and it would be necessary to establish the appropriateness of this action within the
objectives set in the programme. In fact, in the programme, the need of a Coastal Zone Development Plan is
stated, and it would be necessary to define that plan before this action can be carried out. There is also an
Integrated Coastal Zone Management (ICZM) Steering Committee of Trinidad and Tobago which is working
on the development of Infegrated Coastal Zone Management (ICZM) Policy Framework, Strategies, and
Action Plan for Trinidad and Tobago. The results of this work could impact the institutional framework for this
measure.

The legal framework for the protection of the coastal areas of Trinidad and Tobago is poorly defined at the
moment. Thus, it would be necessary to develop, as stated before, a Coastal Zone Development Plan, with
well defined actions. If necessary, developing a strict legal framework to ensure that the objectives are
fulfilled is recommended.

In some cases, this project may run info private lands in which, could cause some legal issues. Agreements
with private owners will need to be made. These agreements will need to be undertaken on a case by case
basis, as some private owners may be interested in working with the public sector to protect their own
property, while others may not agree to the construction of a dike along their coastal property. In some
cases, compensation for land acquisition may be required and in others, although unlikely for this action,
resettlement may need to be considered. It is recommended that this process be done through stakeholder
dialogue, and be incorporated within the larger integrated coastal management framework in order to
ensure that all private owners are heard and understand the bigger picture within which their participation is
required.

Addifionally, when considering the development of the action, in the planning and construction phases, the
effects of the action should be considered regarding the legal framework established by the following laws:
the Environmental Management Act; the Certificate of Environmental Clearance Rules; the Town and
Country Planning Act; and the Public Health Ordinance and the Marine Areas (Preservation and
Enhancement) Act. This action implies the construction of infrastructure, which may have negative effects on
the environment and, therefore, the laws of Trinidad and Tobago need to be respected when designing and
developing the action.

Benefit-Cost ratio 0.03 - Total cost 115,554,303 S
Pay-back 61.6 Year(s) Total benefit 4,033,247 S

6.3.3. TTA 3: Meteorological Alert System connected to the
Monitoring System

To develop an dalert system connected fo the monitoring systems of two specific parameter groups: 1.
Temperature, precipitation and wind speed 2. Sea level. This would help the population of Trinidad and
Tobago be prepared in the case of emergency due to tropical storms, rainfall, droughts or floods.

Early Warning Systems have proven to be successful at reducing loss of life and injury. In the case of Trinidad
and Tobago, early warning systems will likely be the most effective at reducing deaths and injury due to heat
waves, flooding, and tropical storms. Analysis presented in the study "A Cost Effective Solution to Reduce



Disaster Losses in Developing Countries: Hydro-Meteorological Services, Early Warning, and Evacuation” by
Stéphane Hallegatte estimates that, "in Europe, hydro-meteorological information and early warning systems
save several hundred lives per year, avoid between 460 million and 2.7 billion Euros of disaster asset losses per
year, and produce between 3.4 and 34 billion additional benefits per year through the optimization of
economic production in weather-sensitive sectors (agriculture, energy, and others)." In a specific study done
by David Rogers and Viadimir Tsirkunov titled "Costs and Benefits of Early Warning Systems", they explain that
in France, early warning systems, along with awareness raising campaigns, are estimated to have saved 4000
deaths during the July 2006 heat wave (this study is described further in TTA 4).

In addition to the reduction of loss of life and injury, Hallegatte notes other benefits that can come with early
warning systems, including accelerated economic growth (due to less damages to economic infrastructure),
and increased economic benefits to farmers if this infrastructure is also used to provide more accurate
weather predictions. They cite a study done by Wills et Wolfe (1998) in which they investigated how the use
of forecasts to can help to optimize lettuce production in the state of New York. They find a $200 to $1,000
gain per hectare and per year, or a 10% increase in productivity. Improved weather forecasts have also
shown to help improve the efficiency of wind power production, improve predications on energy demand
for the energy sector, improve air and sea shipping routes, and reduced road accidents due to preventative
measures taken (In Croatia, the socio-economic benefit of hydromet information showed a reduced number
of accidents with an estimated economic benefit of 4.3-8.7 milion € per year), fo name a few benefits
mentioned within the study.

The action focuses on spreading the information related to extreme climate events, but it does not consider
the detection of those events, as procedures for this are already in place. Therefore, the procedures at a
country level for the detection of extreme events and improvement of the meteorological services should be
reviewed and, if needed, improved before carrying out this action to obtain the best results from the
implementation of the alert systems, because if the information to feed the system is not good, the system
would not have any positive effects. It is also important to understand other programs or initiatives that may
overlap in some way with the implementation of this measure, including the “South-South Cooperation
Inifiative” organized by the Caribbean Risk Management Initiative in which the Cuban Risk Reduction
Management Centre model is being studied and piloted in five Caribbean countries, including Trinidad and
Tobago, in order to see how this model could be incorporated within mechanisms in these countries. Other
programs that should be taken into consideration in the preliminary stages are programs working on the
development of emergency protocols and awareness raising campaigns (like those explained in TTA 4 and
5), which would need to be integrated info the development of this measure. Any awareness campaigns
and emergency protocols developed should refer to the types of information that will be made available by
the alert systems, and the alert systems need to know what type of awareness campaigns are being given in
order to understand what type of information the population will be expecting to hear from them.

For the first parameter group (temperature, precipitation and wind speed) weather stations systems are
already installed in different strategic places of the country and managed by the Trinidad and Tobago
Meteorological Services. For sea level rise, four stations are already installed (Scarborough, Cedros Bay,
Charlottesville and Port of Spain). By working closely with the Trinidad and Tobago Meteorological Systems,
an alert system would be created to provide information to the population.

The alert system would transfer information from these monitoring systems to the population through 3
different channels: television, internet and radio. The information transmission would take place only when
emergencies take place using the radio and the felevision. The website would always be available and
would contain information related to climate, emergency protocols and emergency situations available for
any users.

Additionally, it would be interesting to improve the already existing weather system of Trinidad and Tobago in

order to obtain meteorological information for more locations of the country, since this could help improve
the quality of the information provided.
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