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Trinidad and Tobago not exempt from 
hurricane hits

 It is a widely held view that Trinidad and Tobago, Trinidad in particular, are
protected from direct hits from hurricanes, as many people mistakenly believe
(Kenneth Kerr Climatologist: Trinidad and Tobago Meteorological Service;
Personal Communication).

 The centre of a tropical hurricane does not have to pass over Trinidad

and Tobago for the country to be affected by the mass wind-field

envelope of the cyclone;

 Tropical cyclonic storms passing to the north of Trinidad and Tobago

have adversely affected Trinidad and Tobago in the past, even while not

being directly hit;

 As a matter of fact several studies have indicated a 10-20% future

increase in maximum potential intensities of tropical hurricanes and

cyclones.



Historical (1916-2015) Tropical Storm and Hurricane 
Tracks passing over or near to Trinidad and Tobago



Previous hurricane events

 For instance in August 1995, Hurricane Iris passed 340 km to the northeast of Trinidad;

 However, a feeder band from that hurricane affected Trinidad with the strength and
direction of the winds producing heavy seas in the Gulf of Paria which brought high
waves that entered the ground floor of some homes or some homes through the windows;

 Boats anchored in the Gulf suffered severe wind damage. So winds associated with the
feeder band activity have caused significant coastal flooding and some damage to boats in
the western peninsula (Kenneth Kerr, Climatologist: Trinidad and Tobago Meteorological
Service; Personal Communication).

 Also, hurricane Lenny in November 1999 was more than 700 km away but caused beach
damage at a Tobago resort and churned up the seas so violently that reports indicated that
it was the worst seen along the North Coast in 50 years;

 From hundreds of miles away, Hurricane Debby in August 2000 caused severe flooding in
Barrackpore, South Trinidad;

 Also, on August 26th 1966, the tail end of hurricane Faith pounded Trinidad’s northern-
western peninsula with unusually rough seas, accompanied by waves ten to fifteen feet
high;

 Trinidad and Tobago Coast Guard’s two jetties at Staubles Bay and the slipway jetty of
Port of Spain were damaged (Kenneth Kerr, Climatologist: Trinidad and Tobago
Meteorological Service; Personal Communication).

 Also Alma (1974), Fran (1990), Bret (1993) and Isidore (2002).



Methodology

 Data representing future sea level changes for the

2030 and the 2050 future time slices are derived

from the latest IPCC Climate Change Report

(2013);

 However, sea level rise values of the IPCC (2013)

are rather conservative when compared to other

recent studies that integrate feedback effects and

land ice contribution to sea level rise.



Conservativeness of IPCC future sea level rise estimates 

compared to literature data (also: Brown, 2018) 



Sea Level Rise and Storm Surge Values

 In view of the conservativeness of the IPCC projections, we selected the
extreme values of the IPCC based on the Representative Concentration
Pathway (RCP: 8.5) forcing scenarios: 0.15 m for the 2030 period (RCP
8.5) and 0.25 m for the 2050 period for both Trinidad and Tobago;

 Furthermore, in order to account for the influence of spring and neap
tides we selected a value of 0.12 for Trinidad to represent the Mean
Higher High Water (MHHW) mark (Singh and El Fouladi, 2005; 2007).

 The calculations and assessment of flooding zones was based on
resampled 10 m ground resolution DTM from 1 m ISO 19139 Lidar (Light
Detection and Ranging) data with removed infrastructure and vegetation
and 2000 Land Use map from 1994 Aerial Photography (IMA);

 We estimate the margin of error at least ± 10% data value error due
principally to the positioning error, out-of-date information and
identification “on situ” errors.



The operational definition of the coastal zone proposed in the 
2014 Draft ICZM Policy Framework is used

 The operational definition of the coastal zone proposed in the 2014 Draft ICZM Policy

Framework shall be used, which sets out three classifications covering the terrestrial and

sea areas:

• Zone T1: Immediate and direct impact area- this area is delineated on the seaward side as

the line of low-water at mean low-water spring tides and on the landward side as the 5-

meter contour. The 5m contour represents the limit of immediate and direct impact of sea

level rise and storm surges under normal conditions;

• Zone T2: Area of influence- the area contained between the 5-meter contour and 90 meter

contour. This area (T2) and Zone T1 contain most of the urban, industrial and agricultural

areas of the country and influences the marine and coastal areas through direct and indirect

impacts.; and;

• Sea Zone S1: Immediate and direct impact area (3 nautical miles) - This zone (S1) shall be

delineated on the landward side from the low-water at mean low-water spring tides and

shall extend to a distance of three nautical miles offshore parallel with the mean high-water

mark, consistent with the outer limit defined for the coastal nearshore in the Water Pollution

Rules, 2001.



Future Sea Level and Storm Surge Scenarios for a Category 2 
and a Category 5 Hurricane (TAOS): Trinidad

Table 1 : Future Sea Level and Storm Surge Scenarios for a Category 2 and a Category 5 Hurricane: 
Trinidad 
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2050 0.25 0.12 0.37 2.00 2.37 5.40 5.77 
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Methodological Steps: DTM - Data Extraction 
and Results

DTM

• Acquisition of DTM data with a field resolution of 10 m (IMA)

• Validation of data integrity and homogeneity

• Global data visualization (DTM)

DATA 
EXTRACTION

• Procedure for extracting points according to sea level during SLR and the storm surges

• Creation of surface areas from the points submerged (for each set of points obtained 
according to the sea level during the storm surge)

• Integration of the obtained areas in the territorial map

• Geographical validation of the integration of surface areas 

RESULTS

• Identification of the obtained submerged areas using the land use map

• Calculation of the area of each zone according to land use categories

• Visualization of the results (integration of maps of flood zones, by ocean level during the 
SLR and storm surges) 



Assumptions

 It is assumed that the sea level rise and storm surges are not dissipated as they
encounter resistance from friction with the land surface and sub-scale obstacles. This
is difficult to evaluate and would require a finer spatial resolution and extensive field
surveys and validations.

 Furthermore, one must recall that these hurricane storms are usually accompanied by
heavy rainfalls that can exacerbate the level of flooding.

 Also be reminded that the storm surge flooding by a Category 2 and a Category 5
hurricane may not be the result of a single event but the flooding maps are meant to
show how the different coastlines and coastal zones (T1 and T2) of Trinidad and
Tobago will be flooded depending on the trajectory of the storm surges.

 tidally inundated zones: these areas are not considered permanent land (DTM-zero
elevation).

 The major land use categories that will be affected by the sea level rise and storm
surges flooding using a land use map of Tobago are then calculated .



Land Use Map: Trinidad Source: Town and 
Country Planning Division (2000-updated)



Sea level rise for Trinidad for the year 
2030 (0.27m)



Sea level rise for Trinidad for the year 
2050 (0.37 m)



Sea level rise and storm surge for a Category 2 Hurricane 
for Trinidad for the year 2030 (2.27 m) 



Sea level rise and storm surge for a Category 2 Hurricane 
for Trinidad for the years 2050 (2.37 m)



Sea level rise and storm surge for a Category 5 Hurricane 
for Trinidad for the year 2030 (5.67 m)  (less likely)



Sea level rise and storm surge for a Category 5 Hurricane 
for Trinidad for the year 2050 (5.77 m) (less likely)



Major Land Use Classes subject to inundation (km2) by Future 
Sea Level and Storm Surge Scenarios for a Category 2 and a 
Category 5 Hurricane and tabular statistics (km2): Trinidad

1 AGRICULTURAL (ALL TYPES)

2 RESIDENTIAL

3 INDUSTRIAL

4
RESIDENTIAL, GRASSLAND 

AND CLEAR FELLED

5 MANGROVE

6 GRASSLAND

7

DISRUPTED - COMBINATION 

OF C. FELLED, B. FOREST, 

AGRICULTURE WITH 

SCATTERED RESIDENTIAL

8 WATER

9
BROKEN FOREST (SPARSE 

FOREST)

1

0
FACE STONE

11

SCRUB - FIRE BURNT OR 

PERMANENT DWARFED 

VEGETATION

12
AGRICULTURE AND BROKEN 

FOREST



Summary of Zones (counties, towns and villages) inundated by 
Sea Level Rise and Storm Surges for Trinidad (I)

Variable Main Areas Inundated: 2030 Main Areas Inundated: 2050

Sea Level Rise 

(0.27 m)

Port of Spain, San Fernando, 

Chaguanas, Nariva Swamp, Poole, 

Sangre Grande, Caroni Swamp, 

Couva, Debe, Fyzabad, Cedros and 

Buenos Ayres

Port of Spain, San Fernando, Chaguanas, Nariva Swamp, Poole, 

Charuma, Sangre Grande, Caroni Swamp, Couva, Debe, Fyzabad, 

Buenos Ayres, Cedros, Columbus Bay, Icacos Nariva Swamp, Ortoire 

River basin

Sea Level Rise 

(0.37 m)

Port of Spain, San Fernando, 

Chaguanas, Nariva Swamp, Poole, 

Ortoire River basin, Sangre Grande, 

Matura, Sangre Chiquita, Caroni 

Swamp, Couva, Debe, Fyzabad and 

Cedros and Buenos Ayres

Port of Spain, San Fernando, Chaguanas, Nariva Swamp, Poole, Sangre 

Grande, Matura, Sangre Chiquita, Caroni Swamp, Couva, Debe, Fyzabad, 

Cedros, Buenos Ayres,  Siparia, Granville, Point Fortin, Cedros, Fullarton,  

Icacos, Los Gallos and Moruga

Category 2 

Storm Surge 

(2.27 m)

Port of Spain, San Fernando, 

Chaguanas, Felicity, Waterloo, 

Claxton Bay, Nariva Swamp, Poole, 

Sangre Grande, Matura, Sangre 

Chiquita, Caroni Swamp, Couva, 

Debe, Fyzabad and Cedros and 

Buenos Ayres

Port of Spain, San Fernando, Chaguanas, Felicity, Waterloo, Claxton Bay, 

Nariva Swamp, Poole, Sangre Grande, Matura, Sangre Chiquita, Caroni 

Swamp, Couva, Debe, Fyzabad, Cedros, Buenos Ayres,  Siparia, 

Granville, Point Fortin, Cedros, Fullarton, Los Gallos, Icacos and Moruga



Variable Main Areas Inundated: 2030 Main Areas Inundated: 2050

Category 2 

Storm Surge 

(2.37 m)

Port of Spain, San Fernando, Chaguanas, 

Felicity, Waterloo, Claxton Bay, Nariva 

Swamp, Poole, Sangre Grande, Matura, 

Sangre Chiquita, Caroni Swamp, Couva, 

Debe, Fyzabad, Siparia Cedros and 

Buenos Ayres

Port of Spain, San Fernando, Chaguanas, Felicity, Waterloo, Claxton Bay, 

Nariva Swamp, Poole, Sangre Grande, Matura, Sangre Chiquita, Caroni 

Swamp, Couva, Debe, Fyzabad, Cedros, Buenos Ayres,  Siparia, Granville, 

Point Fortin, Cedros, Fullarton,  Icacos, Los Gallos and Moruga

Category 5 

Storm Surge 

(5.67 m)

Port of Spain, San Fernando, Chaguanas, 

Felicity, Waterloo, Claxton Bay, Nariva 

Swamp, Salybia-Guayaguayare, Matura, 

Sangre Chiquita, Sangre Grande Poole, 

Charuma and Rio Claro, Caroni Swamp, 

Couva, Debe, Fyzabad, Siparia, Cedros,  

Buenos Ayres, Felicity, Waterloo,  Claxton 

Bay, Irois, and Cedros

Port of Spain, San Fernando, Chaguanas, Felicity, Waterloo, Claxton Bay, 

Nariva Swamp, Salybia-Guayaguayare, Matura, Sangre Chiquita, Sangre 

Grande Poole, Charuma, Rio Claro, Caroni Swamp, Couva, Debe, Fyzabad, 

Siparia, La Brea, Cedros, Buenos Ayres, Irois Felicity, Waterloo, Claxton Bay, 

Granville, Point Fortin, Fullarton, Icacos, Los Gallos, Moruga, San Francique La 

Lune and Los Iros

Category 5 

Storm Surge 

(5.77 m)

Port of Spain, San Fernando, Chaguanas, 

Felicity, Waterloo, Claxton Bay, Nariva 

Swamp, Salybia-Guayaguayare, Matura, 

Sangre Chiquita, Sangre Grande Poole, 

Charuma and Rio Claro, Caroni Swamp, 

Couva, Debe, Fyzabad, Siparia, Cedros,  

Buenos Ayres, Felicity, Waterloo,  Claxton 

Bay, Irois, Cedros and Icacos

Port of Spain, San Fernando, Chaguanas, Felicity, Waterloo, Claxton Bay, 

Nariva Swamp, Salybia-Guayaguayare, Matura, Sangre Chiquita, Sangre 

Grande Poole, Charuma, Rio Claro, Caroni Swamp, Couva, Debe, Fyzabad, 

Siparia, La Brea, Cedros, Buenos Ayres, Irois Felicity, Waterloo, Claxton Bay, 

Granville, Point Fortin, Fullarton, Icacos, Los Gallos, Moruga, San Francique La 

Lune, Los Iros, Erin and Quinam

Summary of Zones (counties, towns and villages) inundated by 
Sea Level Rise and Storm Surges for Trinidad (II)



Current and Future Sector Impacts from Sea Level Rise and 
Storm Surges for Trinidad: Biophysical and Socio-economic

• Coastal erosion and land loss

• Water resources

• Agriculture

• Marine Ecosystems

• Human health

• Infrastructure and human settlements



Coastal Erosion and Land 
and Ecosystem Losses

 Coastal erosion and loss of beaches, land and coastal 
ecosystems (coconut trees, mangroves, coral reefs);

 Water quality: saline intrusions into coastal aquifers and 
surface waters;

 Saline contamination of coastal agricultural lands (hard pans –
difficult to till, salt tolerance of crops);

 Saline contamination of Nariva Swamp;

 Potential loss of lives, livestock and infrastructure during 
storm surges;

 Post storm surge clean-up and repairs to infrastructure (power 
plant and transmission lines, roads, bridges, buildings…)



Map illustrating the coastline change hotspots for 
Trinidad and Tobago (Source: Jehu and Ramsewak, 2012)



Chloride Levels (mg/L) at different depths for the Tucker Valley 
(well no.3: a) aquifer and the Blanchicheuse aquifer (well no.2:b) in 

northern Trinidad (1990-1996) (Source Singh, 1997)



Agriculture

 The passing of tropical storms and hurricanes and the generation of storm surges will

certainly affect hundreds of farmers who risk to suffer huge financial losses on account

hurricane-driven storm surges and flooding.

 Thousands of dollars in crops and young seedlings also risk to be destroyed and harvesting

for certain crops will be made difficult due to the saturated fields.

 The damage assessment of crop losses in the aftermath of hurricane-driven storm surges

may increase the incidence of the bacterial disease affecting some crops (Singh et al., 2005;

Singh et al., 2007).

 What is most serious though is that agricultural soils when contaminated by saline intrusions

caused by hurricane-driven storm surges become contaminated and develop a hard pan

texture which makes future workability and cultivation almost impractical.

 The high wind speeds of the accompanying hurricanes (Category 2: 96-110 mph; Category 5:

> 155 mph) tall fruits trees such as cocoa and mangoes would also lose branches and fruits.

 As was evident by the widespread flooding caused by intense and persistent rainfall in

Trinidad and Tobago in October, 2018 (Trinidad Express), one would expect similar or greater

loss of livestock (pigs, goats…) in the event of flooding caused by a Category 2 hurricane and

even catastrophic losses caused by flooding due to a Category 5 hurricane.



Marine ecosystems

 Coral reefs: hurricane-driven storm surges can cause mass mortality of 
corals and other reef associated organisms, as well as severe physical 
erosion to coral reef framework structures;

 Mangroves:  Loss of mangroves due to sea level rise and storm surges 
can be offset by inland wetland migration: however, in coastal areas 
without sufficient inland low-lying, as in the case of the Caroni and 
Godineau/Oropuche swamps, wetland migration cannot occur thereby 
producing a costal squeeze and loss of wetland areas;

 Sargassum: influxes may increase during storm surges disrupt fishing 
operations through gear entanglement and damage; impeding fishing 
and other vessels at sea; reducing catches of key fisheries species, 
such as flyingfish and adult dolphinfish; changing the availability and 
distribution of coastal and pelagic fisheries resources; and disrupting 
coastal fishing communities and tourism activities.



Human health

 Hurricane-driven storm surges accompanied by rainfall
events that cause extensive flooding in Trinidad and
Tobago, which can impact upon human health either
directly or indirectly, are expected to increase in
occurrence;

 For instance, floods can cause drowning and physical
injuries; heighten the risk of diseases transmitted
through water, insect vectors and rodents; damage
homes and infrastructure and disrupt the supply of
essential medical health and food and shelter services.



Infrastructure and Human settlements

 Apart from the ravages and destruction of coastal zones

(T1 and T2) caused by the very force of the storm surges

and accompanying winds, the major post storm surge

activity would be the massive clean-up of mud and debris

and the sanitization and rehabilitation of certain critical

infrastructures susceptible to saline water such as the

INCOGEN Power Plant, hospitals in Port of Spain and San

Fernando and other industrial (Point Lisas, Pointe-a-Pierre

and Point Fortin) commercial and residential

establishments affected by the storm surges.



Tourism

 Climate-driven sea level rise together with hurricane-riven storm
surges would very likely result in loss of beaches, properties and
public infrastructure;

 Beaches are especially susceptible to these impacts;

 While sea level rise is a slowly evolving process causing coastal
erosion loss of some coastal infrastructure, storm surges are
sudden and catastrophic events that most of the time leads to the
removal of sands from beaches thereby making them less attractive
to tourists;

 The loss of beaches and coastline due to erosion, inundation and
coastal flooding and loss of tourism infrastructure, natural and
cultural heritage sites would also reduce the amenity value for
coastal users.



Socio-economic Impacts (I)

 For the tourism sector, that is of vital importance to Tobago, sea level rise and storm surges

will lead to coastal erosion and loss of beaches, reduced tourism, the need for repair or

replacement or facilities such hotels, roads, bridges and power lines and to the loss of dive

eco-tourisms: the overall secondary effects of sea level rise and hurricane-driven storm

surges on Trinidad and Tobago’s tourism industry would also lead a loss of employment of

workers employed in the tourism sector and higher insurance costs for properties in

vulnerable areas, especially in Tobago;

 For the coastal infrastructure sector, there will be significant loss of land, especially in

Trinidad, where land space is becoming more and scarce: there will be a need for housing,

commercial and even industrial buildings repair and replacement as in towns and villages

along the Gulf of Paria. Also there will be a need to repair damaged roads and bridges,

power and telecommunication lines from flood damage;

 For agriculture, flooding caused by sea level rise and storm surges will lead to a loss of

crops and livestock, salinization of agricultural soils and loss of productive land for

agriculture and these may displace many farmers who would seek alternative employment.



 For the fisheries sector, sea level rise and storm surges will lead to
severe damages to boats, wharfs, jetties and cold-storage warehouses:
these losses will require significant financial inputs on the part of
fisherfolk either from their own money or government subsidies. There
may also be a temporary loss of fish production since fishes tend to
venture further out to sea following major storms;

 For the health sector, there will be injuries and even deaths due to
hurricanes. Furthermore the pooling of water following the flood events
will lead to a proliferation of vectors such as mosquitoes that would
eventually lead to an increase in diseases such as dengue fever;

 Flooding may also lead to the contamination of potable water and
diarrhoeal diseases.

Socio-economic Impacts (II)



Cross linkages between Sectors 
(Significant: X; Very Significant: XX)

SECTORS
Climate -

Sea Level

Coastal 

Zone
Water Agriculture Fisheries Tourism Health

Climate - Sea 

Level
XX XX XX XX XX XX

Coastal Zone XX XX XX XX XX XX

Water XX XX XX X XX XX

Agriculture XX XX XX X X XX

Fisheries XX XX X X XX XX

Tourism XX XX XX XX XX XX

Health XX X XX XX X X



Exposure, Sensitivity and Adaptive 
Capacity (I)

 Exposure is the magnitude of sea level rise and storm surges likely to be experienced by a

species across its range, and depends on the rate and magnitude of sea level rise and

hurricane intensity. It is typically quantified using the extent of sea levels and storm surges;

 In the case of Trinidad, the island is very exposed to sea level rise and storm surges,

especially along the Eastern Atlantic coast and the Western Gulf of Paria coast (T1, T2 and

S1) of Trinidad and they would be subject to both biophysical and socio-economic impacts in

a number of key sectors including water resources, agriculture and forestry, livestock and

poultry, marine ecosystems and fisheries, coastal infrastructure ;

 Sensitivity is the degree to which the key sectors in the coastal zone (T1, T2 and S1) of

Trinidad, namely water resources, agriculture and forestry, livestock and poultry, marine

ecosystems and fisheries, coastal infrastructure are affected by climate-driven sea level rise

and storm surges;

 Water resources sector will be subject to extreme rainfall events (water treatment plants)

and storm surge flooding flooding and coastal saline intrusion into coastal aquifers and

lands.



 The agriculture sector will also be affected to a large degree, especially in the wet season when extreme rainfalls caused by tropical

storms and hurricanes would lead to flooding and loss of crops, which will affect the prices of foodstuff and food security and a

higher dependence on costlier imported food.

 Marine ecosystems and fisheries will be affected by habitat loss for fishes through destruction to coral reefs by wind and wave

actions, thereby eventually leading to a decrease in fish stocks and the price of fish and crustaceans to consumers.

 Adaptive capacity can be considered as: the ability or potential of a system to respond successfully to climate variability and change, 

and includes adjustments in both behavior and in resources and technologies (IPCC, 2012)

 Adaptive capacity is the potential for coastal zones (T1, T2 and S1) and sectors in Trinidad and Tobago to tolerate or adapt to climate-

driven sea level rise and storm surges: the major facilitator of adaptive capacity is normally financial and technical resources, in that

these are required to build and fortify coastal protection works or to relocate residents where shoreline protection is not feasible.

 Adaptive capacity, that may be enhanced by policy changes and legislation that may warrant immediate short-term consideration

would include:

- The formulation and implementation of land-use planning policies to address people and settlements and agricultural lands at risk to

inundation deriving from sea level rise and storm surges;

- Fortification of sea defenses in accordance with sea level rise and storm surges in vulnerable areas;

- Further implementation of early warning systems in the event of tropical storms and hurricanes and storm surges (ODPM);

- The building of more shelters on higher ground either near the coast or inland to house people in the event of inundation due to

tropical storms and hurricanes and storm surges;

Exposure, Sensitivity and Adaptive Capacity (II)



END

 Questions and Comments



Further Information



Shoreline Stability and Status of North Coast Beaches of 
Trinidad for the period 2004-2008 (Source: Darsan et al., 2012)



Shoreline Stability and Status of East Coast Beaches of 
Trinidad for the period 2004-2008 (Source: Darsan et al., 2012)



Shoreline Stability and Status of South Coast Beaches of 
Trinidad for the period 2004-2008 (Source: Darsan et al., 2012)



Shoreline Stability and Status of West Coast Beaches of 
Trinidad for the period 2004-2008 (Source: Darsan et al., 2012)


