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MESSAGE FROM THE MINISTER
Hon. Michael Henry, C.D., M.P.

It has been proven over and over that the fundamental
principle of cooperation underpins a relatively safe and
efficient transport system. Effective transportation of
people, goods and services support the economic, social
and cultural development of our nation and by extension
our region. Everyone must therefore, ensure that he or she
plays his or her role in advancing our transportation system
to achieve its greatest potential.

This Government remains totally committed to developing a safe and efficient Transport Sector.
Since 2007 this administration has embarked on various initiatives to develop and implement a
seamless multi-modal system of transportation involving land (road, rail), sea and air using the

already existing road, rail connection to the sea and for the future the air.

This study is therefore instrumental in providing information that is vital to addressing some of
the country’s challenges in developing a sustainable transport system. The analysis provides a
clear view of priority areas for intervention and certain vulnerabilities in our systems for our
attention.

The average climate of the Caribbean Region is changing and will experience even further
changes as global warming increases. As temperatures continue to rise, extreme weather
events possibly increase, and sea levels continue to rise, it is extremely important that we are
aware of the challenges we are faced with in order to plan ahead and recognise how important
the air links are for the Region of the Caribbean.

Our highly heterogeneous topographic environment remains at risk to natural hazards, which
impact the transport sector, our people and economic activities. As Minister with responsibility of
the development of an integrated transport system (road, rail, sea and air), it is important that
we implement strategies that are in line with this objective.

Growth and development are significant elements of any progressive nation. These are among
the characteristics that provide a platform for continuity. The team at the Ministry is cognisant
that our success is dependent on the involvement of external entities and the adaptation of
global best practices. We are also aware that the assessment process is one that needs to be
treated with utmost importance and must be consistent with international norms and standards.
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| therefore use this opportunity to endorse partnerships as essential to mitigate the threats
associated with the natural hazards of the country’s climate to the Transportation Sector.

As we continue to work towards Jamaica achieving its vision of sustainability, let us use the
findings of this report to guide our plans and decisions, as we work to making “Jamaica the

place to live, work, raise families and do business”.

]//u)/)

il
Honorable Michael Henry, C.D., M.P.
Minister of Transport and Mining
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EXECUTIVE SUMMARY

OVERVIEW

Jamaica’s transportation system is already affected by weather extremes. Damage to roads,
bridges and supporting infrastructure such as drains and culverts is commonplace, both as a
result of extreme events as well as outdated design and inadequate maintenance. This
document examines the vulnerability of the transport sector’s assets to weather, climate
variability and climate change, and identifies locations within the system that currently
experience and are likely to experience future negative impacts. The analysis sheds light on
priority regions and specific vulnerabilities. With the upcoming revision of Jamaica’s National
Transport Policy (NTP), this assessment aims to offer guidance on how to climate-proof future
and current investments in light of a changing and more variable climate.

WHAT CLIMATE RISKS DOES JAMAICA FACE AND HOW WILL THIS IMPACT THE
TRANSPORT SECTOR?

Weather and climatic conditions experienced in the Caribbean region are a product of both
human-induced climate change and natural cyclical climate patterns. Climate experts agree that
the average climate of the Caribbean region is changing and will undergo significant changes as
global warming continues, even if key mitigation efforts were taken today to reduce the emission
of greenhouse gases (IPCC 2007, others). The following is a summary of these changes:

Temperatures will continue to rise. When compared with the 1986—2005 time period,
Jamaica is expected to experience a significant rise in temperatures across all seasons of about
0.85-1.8°C by mid-century, and up to 4°C by the end of the century. By themselves, increases
in temperature can have a significant impact on critical transport sector functions. For example:

Higher temperatures and increased heat extremes can increase not only the discomfort
for those using public transportation but also the risk from heat exposure, especially for
children and the elderly.

Higher temperatures and increased heat extremes may require an alteration of
maintenance and construction crew schedules, to protect workers from heat risks.

Higher temperatures can increase the need for and costs of maintaining adequate
cooling in public transportation vehicles.

Higher temperatures and more heat extremes could result in aircraft payload restrictions,
flight cancellations and service disruptions, which would have critical impacts on the
tourism industry. Extreme heat can cause buckling of runways. Aircraft lift may also be
affected, as the less dense, hotter air reduces the mass flow necessary over the wing to
create lift. If runways are not long enough for large aircraft to build speed to generate lift,
their weight must be reduced. In extreme cases, flights will need to be cancelled.

Higher temperatures could lead to more frequent buckling of pavements and
misalignment of rail lines. Concrete and reinforcement structures of rail lines expand and
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contract due to moisture absorption, which could, in cases of extreme heat, lead to
buckling.

Extreme weather events could increase. Extreme events have had a significant impact on
Jamaica’s economy, environment and people. Five major storm events between 2004 and 2008
reportedly caused USD1.2 billion in losses and damage (Neufville/IPS 2012). More intense
tropical storms are a likely result of climate variability and change. With respect to the transport
sector, four extremes are relevant: hurricanes, precipitation, wind and storm surges.

e Stronger storms generally extend the periods of intense precipitation and strong winds,
and cause tidal surges that can devastate the transport sector. Jamaica lies in the path
of Atlantic hurricanes and spends upwards of IMD72 hillion, or approximately 3 percent
of its gross domestic product (GDP), dealing with the impacts (Burgess 2015).

o Excessive rainfall and flooding can damage road infrastructure. Because many coastal
roadways serve as evacuation routes during hurricanes, their vulnerability may increase
coastal areas’ overall vulnerability to climate risks. Furthermore, severe storms can
disrupt traffic, potentially leading to more accidents and delays.

e Heavy rains increase the risk of exposure to the elements and challenge those most in
need of public transportation, including children and the elderly.

Sea levels will continue to rise. Port infrastructure, including facilities such as the Montego
Bay and Ocho Rios cruise terminals, as well as Port Antonio are important transport assets with
long design lives. They are sensitive to sea level rise, with decking and wharves more frequently
exposed to larger wave forces, resulting in increased scour of foundations of marine structures.
They are also vulnerable to increased risk of
overtopping during storm surges. Many airports
are located near the coast and vulnerable to rising ~ UP [0 10 meters is vulnerable. That will put all our

“‘Where climate change is concerned, everything

seas, including Norman Manley International critical facilities at risk, our transshipment port in
Airport, which sits at an average elevation of 3 Kingston, both major airports and the north-south
meters (m) above sea level and is also vulnerable  coast — that is effectively 70 percent of our GDP.”
to flooding. Projections suggest a minimum of 2-3 ~ — Maurice Mason, Environmental Economist

millimeters (mm) rise in sea levels per year during
the first half of the century. At a minimum, these impacts are likely to result in more weather
delays and periodic interruptions.

WHAT MAKES JAMAICA’S TRANSPORT SECTOR VULNERABLE TO CLIMATE
VARIABILITY AND CLIMATE CHANGE?

A highly heterogeneous topographic environment. Jamaica has an extensive coastline and
rugged mountains that are subject to landslides, extreme weather (inclement weather) and
seismic events, as well as a diverse network of rivers and streams. These all contribute to its
vulnerability to hydro-meteorological hazards, which impact the transport sector, people and
economic activities. The interior of the island, particularly in the east, is characterized by steep,
well-weathered slopes, highly fractured geological formations and well-developed networks of
rivers and natural drains (gullies) draining north and south from a central east—west-trending
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mountainous axis. As such, erosion and landslides are serious problems affecting the transport
and other sectors.

Limited scheduling and financing of infrastructure maintenance. Transport infrastructure
assets have a limited lifetime, after which they may need to be reconstructed to meet the
new construction codes, climate risks and demand realities. This lifetime, however, is also
dependent on a proper operations and maintenance regime, including drainage, cleaning
and repairs, so that assets continue to fulfill their function. There is a case to be made for
the value of operations and maintenance investments in the country’s transport network,
especially in light of the fact that many if not most of the floods that negatively impact the
sector are a function of improper drainage and insufficient maintenance.

Unregulated land use change and outdated construction codes. Sidewalks, pavement,
roads and other impermeable surfaces have reduced the absorptive capacity of the landscape,
exacerbating erosion from flooding caused by extreme storm events as the water essentially
gets channeled through these impermeable surfaces. Construction on steep terrain and removal
of the native forests that helped to stabilize the soil have increased erosion and landslide risk.
Design criteria for the country’s principal drainage system are outdated and do not properly
consider the changing climate dynamics, including the occurrence of more intense storms that
require, for example, larger culverts. Given the various stakeholders involved in building and
permitting the road network, even well-designed systems can suffer adverse impacts from
nearby developments, forcing drainage systems to absorb more than their intended flows.

Inconsistent planning and limited consideration related to increased urbanization and
population growth. Jamaica has seen rapid population growth, coupled with significant
migration from rural agricultural areas to cities. In 1960, 34 percent of the population lived in
urban areas; in 2011 that figure was at 54 percent, and the United Nations (UN) projects that it
will rise to 65 percent by 2050 (Tindigarukayo 2014). This growth and migration over the last
several decades was unplanned, often resulting in squatter occupation of available lands, in
many cases in high-risk areas such as those prone to landslides and flooding. Inconsistent land
use planning and limited capacity to enforce existing regulations allowed for uncontrolled urban
expansion into high-risk areas such as those on steep slopes or along the banks of tributaries.

A highly concentrated coastal population. Jamaica’s population is concentrated in coastal
areas that are vulnerable to storm surges and flooding. Given the tourism sector’s prominence
in the country’s economy, development of the coastline is likely to continue. Many cities and
towns occupy highly vulnerable locations such as riverbanks, unstable hillsides, deforested
lands or fragile water catchments. Access roads to these areas often require navigating fords
and bridges that are themselves subject to the negative impacts of floods, storm surge and
rising sea levels.

Policies and planning measures that lack sufficient climate change considerations.

Neither the NTP nor the Vision 2030 Transport Sector Plan (TSP) includes meaningful climate
change considerations. As a result, the sector developed rapidly over the past 20 to 30 years
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with limited consideration for disaster risk and little planning for a changing climate. While
certain projects have accounted for climate change in their design, a comprehensive approach
will be needed to climate-proof existing infrastructure.

Insufficient climate and weather data for decision making. Recent efforts by the University
of the West Indies, Mona Campus (UWI Mona) Climate Studies Group (CSGM) and by the
Meteorological Service of Jamaica (MSJ) have worked to address this issue, but reliable data
on return periods, rainfall, disaster risk and climate projections continue to be insufficient and
difficult to access. Where data do exist, many of the transport stakeholders involved in policy,
planning and implementation do not have sufficient in-house expertise to analyze the data and
incorporate them in a meaningful way into decision making and design.

PRIORITY VULNERABILITIES

Roads: Vulnerable roads include those in both northern and southern Clarendon Parish, the
coastal region of St. Elizabeth Parish and the Blue Mountain regions of St. Andrew, Portland
and St. Thomas Parishes. Other vulnerable regions include Hanover Parish, as well as the
south coast roads of St. Thomas Parish, the north coast roads of St. Mary Parish, and the
Junction thoroughfare linking north to south on the eastern end.

Public Transport Network: Six critical route sections were identified as at risk from climate-
induced flooding and rising seas, which can result in delays and loss of service to users. These
include: (1) Newport West to Spanish Town Road, which serves at least 2,900 people daily; (2)
Ferry/Hydel to 6 mile terminal, and (3) Bull Bay to 11 miles, both serving over 7,000 users daily;
(4) Great Circle House to Fairfax Drive, serving over 4,800 people daily; (5) Caymaras to
Waterford, serving at least 400 users daily; and (6) Spanishtown to Newport west, which
provides service to at least 200 people daily.

Airports: Donald Sangster International Airport in Montego Bay, where the majority of the
runway and terminal access is located below 1 m elevation, is particularly vulnerable to rising
seas. According to a Water Resources Authority (WRA) assessment, the main road access
along the airport is prone to flooding. The risk is less pronounced for Kingston’s Norman Manley
International Airport, where only a few stretches of the access road and peripheral areas are at
extremely low elevation. Nevertheless, Manley International is also subject to more intense
wave run-up and storm surge from hurricanes and tropical storms. Seawall defenses will need
reinforcements and in some cases redesign to cope with the potentially more damaging
hurricane forces projected in the future.

Ports: Falmouth Cruise Ship Pier, already subject to the impacts of floods due to increasingly
more intense rainfall events, is significantly vulnerable to sea level rise, with the majority of the
road network providing access at risk from flooding and the tourist areas also subject to high

flood risks. A similar risk profile exists for Montego Bay. On the other hand, while the principal
access roads to Kingston Container Terminal (KCT) are less at risk of flood and sea level rise,
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the container terminal itself, particularly the storage areas in the south terminal, has significant
areas located below 1 m in elevation.!

RECOMMENDATIONS

This study demonstrates that as the impacts of climate change (i.e., rising temperatures, more
extreme heat events, more intense rainfall events, rising seas) manifest, the burden of risks to
Jamaica’s transport sector is expected to increase unless additional investments are made.
Some projected additional losses, for example from landslides, are potentially preventable if
high-risk areas are identified and design criteria for transport networks take these risks into
account. Reducing transport sector risks will require modifying current policies and programs
and implementing new ones to explicitly consider climate variability and change. Adaptation
actions should focus on building a more climate-resilient transport system, reducing overall
vulnerability and developing specific system capacities. Entry points include: 1) investments and
finance, 2) leadership and governance, specifically regarding institutions and planning
mechanisms, and 3) information systems. Specific actions to align with Jamaica’s Vision 2030
document are detailed below.

INVESTMENTS AND FINANCE

Conduct additional assessment(s) on scope of financing needs. Navigation and port
facilities, roads and drainage infrastructure, and other transport assets have a design lifetime,
after which they may need to be reconstructed to meet the climate and demand realities of the
day. Furthermore, this lifetime is dependent on proper maintenance and repairs to guarantee
asset performance. For example, a typical asphalt road may be designed to last 26 years but
will require resealing sometime during the first 13 years depending on traffic volumes and
vehicle weights. This assessment clearly points to the need to budget for and undertake
consistent maintenance of the country’s transport network to guarantee full functionality,
particularly with respect to drainage, maintenance and cleaning. Additionally, some nearshore
roads, seawalls and bridges will increasingly require repair, and if the sea level rise is
augmented by increased storm activity, the impact will necessitate redesign to new standards.

Further assessment should be undertaken to understand the scope of financing needs by
cataloguing the design lifetime of major infrastructure (e.g., roads, bridges, ports) and costing
out improved maintenance regimes for different types of infrastructure.

LEADERSHIP AND GOVERNANCE - Institutions

Increase capacity for the Ministry of Transport and Mining (MTM) to coordinate and
convene the relevant expertise to build climate resilience and disaster risk reduction
(DRR) approaches into plans and operations. The MTM does not currently have a unit
dedicated to DRR under its technical services or planning and research departments, despite
the climate-related impacts on the sector. Nevertheless, several external agencies (National
Works Agency/NWA on road design; Climate Change Division/CCD on climate adaptation;

1 Note that risks to ports in this assessment focused on access and function rather than infrastructure damage, since a full
infrastructure risk assessment would require a detailed engineering analysis.
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Office of Disaster Preparedness and Emergency Management/ODPEM on disaster risk
management) do have relevant expertise that could be brought to bear on the subject. CCD or
other external consultants should conduct training for other MTM staff, particularly those
involved in developing policy, action plans, and monitoring and evaluation (M&E) plans. Topics
could include: understanding climate change impacts on the transport sector; crafting policy to
reduce impacts from climate-related risks; devising strategies and actions to increase the
climate resilience of transport infrastructure; and developing relevant indicators and targets to
track performance over time. Such a training could position and prepare MTM staff to convene
and coordinate the analyses and discussion necessary to climate-proof transport operations.

Establish atask force for NTP revisions and a Transport Sector Thematic Working Group
(TWG) under Vision 2030. A task force similar to the one that leads the TSP process should be
created within the MTM to lead NTP policy revision and coordinate with stakeholders. A
dedicated task force with representatives from multiple agencies will ensure all subsectors are
adequately addressed in the policy and that consultations are conducted with the wide network
of sector stakeholders.

TWGs in other sectors have proven successful as a mechanism to support the implementation
and M&E of Vision 2030 sectoral plans. They provide an important forum that brings in voices
outside of government from civil society, the private sector and development partners, and can
assist with planning, tracking progress, addressing shortfalls, identifying and mobilizing
resources, sharing information and ensuring coordination among stakeholders.

Increase capacity of other transport sector stakeholders to understand and address
climate risks within the context of the expected lifespan of investments. From the
technical personnel in parish councils to government agencies responsible for oversight and
regulation of transport infrastructure, additional capacity is strongly needed to 1) better
understand and cope with climate risks, and 2) better understand the scientific basis for
improved design and planning, as well as the more important development implications of new
investments and their coordinated operations.

Include tailored climate change adaptation clauses on all new concession agreements,
and review and amend existing concession agreements where possible. With the update
of the NTP, as well as the creation of the Climate Change Policy Framework, all new
agreements (and where possible, existing agreements) should ensure concessionaires’
operations are in compliance with provisions of national transport and climate change policies,
as well as with national environmental laws and international standards.

LEADERSHIP AND GOVERNANCE - Planning mechanisms

Develop a strategy, action plan and M&E plan to accompany the revised NTP. Policy must
be accompanied by planning mechanisms such as a medium-term strategic plan, an action plan
with defined tasks, and an M&E plan that assigns responsibility for collecting data and sets clear
indicators and targets. The action plan should consist of discrete tasks that can be
implemented, measured and completed, and should assign responsible parties and timeframe,
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along with budget estimates. The M&E plan should establish a methodology for monitoring the
progress of tasks, along with indicators that clearly measure efforts to implement the action
plan, as well as a system to collect indicator data.

Incorporate climate change considerations into the revised NTP. Three main areas, at a
minimum, should be addressed: climate data to be used in analysis; design criteria; and risk
screening requirements. The NTP should set requirements for the use of climate data (including
historical and future projections of rainfall, flooding, storm surge and tropical storms) when
making planning and investment decisions. Design standards for infrastructure and best
practices for operations and maintenance informed by climate information and international best
practice should also be included in the policy. The NTP should also designate the types (in
terms of capital expenditure or extent of construction) of investments that should be screened
for climate risk and define the tool(s) to be used as well as a standard process for screening.

Establish partnerships to help address indirect issues, such as solid waste management,
construction waste and drainage, that cause or exacerbate flooding and infrastructure
deterioration. While aspects of solid waste management and drainage fall under the
responsibility of the National Solid Waste Management Authority (NSWMA) and WRA, the MTM
has purview over certain elements. Examples of issues to incorporate into the revised NTP
include: setting requirements for storm drain cleaning, establishing standards for road drainage,
and setting policy and enforcement mechanisms for road repair and post-repair waste removal,
among others. The Vision 2030 TWG for transportation would be a logical entity to liaise with
others to guarantee consistency of operations across related sectors.

Develop a hazard mitigation strategy and disaster response strategy for each subsector.
Following on plans from the NTP, TSP and the Climate Change Policy Framework, the MTM
should follow through on developing formal hazard mitigation and disaster response strategies
for each of the transport subsectors (roads, airports, seaports and possibly railways). These
strategies, developed together with the revised NTP, will guide action to address and respond to
natural disasters. The strategies should also be developed and refined through stakeholder
consultations to ensure broad-based input during the drafting phase.

Update urban development plans. In coordination with the Ministry of Local Government and
Community Development (MLGCD), municipal corporations need to update urban development
plans to reflect the changing risk profile for floods and landslides to the parish road networks.
Updated plans also need to be aligned with the Master Drainage Plan developed by NWA.

INFORMATION SYSTEMS

Conduct analyses to inform revisions to design criteria for all assets, taking into account
a changing climate. For example, bridges and culverts are currently designed using standards
and river flow models developed prior to 1960. Shifting rainfall patterns need to be considered in
new design criteria to safeguard investments. Novel ways of incorporating the large volume of
debris and vegetation being carried into drains, culverts and channels need to be devised, as
the current structural guidelines accommodate only pure water flows. Design criteria, land use
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regulations and other related regulations are contained in a variety of documents, including the
National Building Code, the Main Roads Act, the Parochial Roads Act, the Town and Country
Planning Act, the Local Improvements Act, the Beach Control Act, and Volume 3 of the National
Environment and Planning Agency’s (NEPA) Development and Investment Manual.

Improve quality and maintenance of existing data. Significant data are available on the road
network and road conditions, bridge locations and conditions, airport and seaport infrastructure,
flood- and landslide-prone areas, floodplain maps, river and gulley networks, watersheds, soil
condition and composition, weather and climate, and a host of other relevant information. These
data can be used in transport infrastructure management and investment planning, but they are
often available only within the ministries or agencies that developed them. In addition, the
guality of data varies across datasets. However, the dispersed and uncoordinated natural
hazards records pose significant challenges for the formulation of plans and projects to deal
with current and emerging risks. Dissemination mechanisms within the key institutions
responsible for risk management currently also impede the use and application of available
studies. A database housed within the National Spatial Data Planning Division that integrates
climatic, geophysical and infrastructure data in a meaningful way, along with a plan and team
dedicated to curating these data, would be useful across the sector.

Develop more detailed hazard assessments for specific assets at finer spatial scales.
According to Brabb (1993) and others, at least 90 percent of the losses due to landslides, for
example, could be avoided if detailed information and responses were available to engineers
and communities. While this assessment begins to unpack these risks, additional information is
required for the regions and assets specified as vulnerable to determine appropriate safeguards
to put in place.

Conduct detailed vulnerability assessments for specific assets. A deeper dive into the
vulnerability of specific investments could offer important information on the need to climate-
proof the assets. For example, the Airports Authority of Jamaica’s (AAJ) planned vulnerability
assessment of Norman Manley International Airport will, over the course of at least nine months,
collect and model vulnerability to storm surges, wave run-up and other risks within the confines
of the airport facilities and their access roads. This information is critical for prioritizing
investments. This assessment points to the need to prioritize such analyses for the country’s
parochial road network, for which limited information is available.

Conduct a public education program that helps to raise awareness of the risks from
floods and other climate changes. A public education program can offer salient advice on
new developments in sensitive areas. In the long term, this may also help to raise awareness of
officials in municipal corporations, which in large part approve construction in high-risk zones.
Leveraging and capitalizing on the collective experiences of CARICOM (Caribbean Community)
countries and the Caribbean Community Climate Change Centre could help to bring island-
appropriate knowledge and insights to the task.
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INTRODUCTION

OVERVIEW

The island nation of Jamaica is highly vulnerable to the impacts of climate-related hazards,
which result from hydro-meteorological extremes and the exacerbating impacts of human
activities. Jamaica is exposed to a variety of natural phenomena that can drive disasters, with
consequent loss of life and natural resources and damage to economic activities. Key risks to
the transport sector, particularly maritime, road, rail and air networks, include:

Destruction of roads and bridges caused by flooding, as well as more minor damage
such as rutting and potholes caused by extreme precipitation and rising temperatures.
Damage to sea and air port facilities from increasingly severe storm events and sea level
rise.

Warping of rail tracks caused by rising temperatures and undermining of track beds
caused by heavy rain.

OBJECTIVES

The main objective of this study is to evaluate the vulnerability of the country’s transport sector
to climate variability and change and recommend potential adaptive strategies and planning
gaps that can build the sector’s resilience to climate risks now and in the future. The report is
structured as follows:

Section 1 offers an overview of the transport sector as well as a summary of current and
expected changes in hazards to the sector.

Section 2 outlines current institutional arrangements and provides a situational analysis
of the National Transport Policy (2007) and Vision 2030: Transport Sector Plan.
Section 3 provides an assessment of the sector’s vulnerability (risks) to climate
variability and change.

Section 4 offers recommended fit-for-purpose adaptation measures that reflect
Jamaica’s specific realities and challenges.

Section 5 identifies adaptation measures to reduce the risks from climate variability and
change based on experiences and best practice from other Small Island Developing
States (SIDS).
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THE JAMAICAN TRANSPORT SECTOR

The Jamaican transportation sector consists of an extensive network of roads and bridges,
railways, ports and airports (Table 1). The following offers an overview of the sector’s assets
with a discussion of their current condition and operational integrity. This discussion is the basis
of the subsequent analysis of vulnerabilities.

Table 1. Transportation assets in Jamaica

ASSET CHARACTERISTICS

Main Roads23 Total 4,922 km
Class A 826 km
Class B 624 km
Class C 2,955 km
Undefined class 517
Parochial and other 17,155 km
roads#
Bridges 736 bridges
3 international airports, 3 public aerodromes, 2 Defense
Airports Force aerodromes and 34 private or other classification
aerodromes
Seaports 11 specialized seaports and 3 public deep-water ports
Railway lines and 330 km of track, 6 privately owned railway lines
stations

Source: Authors’ calculations and information from the National Works Agency, 2016.

ROADS

Jamaica’s road network consists of both publicly and
privately operated and maintained national
roads that fall under the purview of NWA, as
well as an extensive arterial (parochial) road
network that is maintained by the respective
municipal corporations. Over 48 percent of
the national main road network is classified
as being in “bad” condition, with potholes,
poor drainage and other conditions that
compromise their functional integrity (Figure
1). Another 33 percent are classified in “poor”
condition. Information on condition is not
available for the more than 10,000 kilometers
(km) of parochial roads, though it is likely that

Figure 1. Condition classification of
Jamaica’s main roads

NoData
5%

Source: Data from NWA Road
Condition Survey, 2011.

2 Roads that fall within the purview of NWA.

3 Road classes are defined by a collection of attributes including traffic and maintenance. For example, Class A roads are
characterized by high traffic flows, while Classes B and C are those of less importance in terms of traffic.
4 Includes farm and forest roads.

VULNERABILITY ASSESSMENT OF JAMAICA’'S TRANSPORT SECTOR | 10



these are in the same or worse condition, as they tend to be more remote, unpaved and less
frequently maintained.

PUBLIC TRANSPORT NETWORK _ o

Figure 2. Condition of shelters
In Kingston, St. Andrew and Saint Catherine Parishes, the available across the network
Jamaica Urban Transit Company (JUTC)
operates 122 bus routes, providing public access
to over 250,000 people daily across a network
that stretches for 2,747 km. The bus route
network includes 43 passenger terminals, 80
percent of which protect passengers from the
elements with shelters in varying conditions.
Another 855 bus stops dot the network, and their
guality and level of establishment also vary. For
example, only 60 percent of these stops have
posted signs of the route (with some containing
route information and schedules). Roughly 69
percent of JUTC’s bus stops have shelters for waiting Source: Data from Jamaica
passengers, and their condition also varies (Figure 2). Urban Transit Company.

AIRPORTS

Jamaica’s airport network has seen continued growth in all segments of operations, from
passenger traffic at the three international airports (up 4.3 percent from the previous year in
2015-2016), to air freight (including cargo and mail — up 2.3 percent in the same period) and
other air movements (up 1.8 percent). Donald Sangster International, especially, is often ranked
as the leading airport in the Caribbean, while Norman Manley International was recognized as
the Most Improved Airport for 2015 by Airports Council International. MBJ Airports Limited, the
operating concessionaire of Sangster International, recently participated in a United Nations
Conference on Trade and Development (UNCTAD) project that undertook a case study
exploring “Climate change impacts on coastal transport infrastructure in the Caribbean:
Enhancing the adaptive capacity of Small Island Developing States (SIDS)." The study
highlighted the need to climate-proof runways, facilities and access roads to address a changing
climate and the related infrastructure risks. The risks described were primarily a function of their
location along vulnerable coastlines but also included effects of hotter temperatures on airlift,
runway length, energy costs for cooling facilities, and tarmac exposure, as well as sea level rise.
A total of 42 aerodromes dot the country though little information is available on their condition
(Table 2).
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Table 2. Number of aerodromes in Jamaica, by parish

PARISH NUMBER OF AERODROMES

Clarendon 5
Hanover

Manchester
Portland

Kingston & St. Andrew
St. Ann

St. Catherine

St. Elizabeth

St. James

St. Mary

St. Thomas

Trelawny

AR NN WO O |01 W IIN W |-

Westmoreland
Total

i
N

Source: Jamaica Civil Aviation Authority, 2014.

PORTS

Marine transportation infrastructure includes ports, harbors and supporting intermodal terminals,
and the ships and barges that use these facilities. Sea transportation is often the only mode of
transportation for moving freight within the Caribbean. Jamaica is also an important destination
for cruise tourism, which contributes significantly to the tourism sector. The country’s newest
and most extensive cruise ship terminal, Historic Falmouth Cruise Ship Pier, was built in 2011
and is operated by Falmouth Jamaica Land Company, a partnership between Royal Caribbean
Cruise Lines and the Port Authority of Jamaica (PAJ). In spite of its prominence in the tourism
industry (accounting for approximately 50 percent of total cruise ship passenger arrivals to the
country), the port suffers from poor connectivity, with only one roadway access point, off
Trelawny Street in the town of Falmouth. Because of the port’s location, it is impossible to
access without driving through the small town’s narrow, potholed roads, which are susceptible
to flooding due to poor drainage. A second critical port facility is KCT, in operation since 1975. It
handles roughly 8 million metric tons of cargo each year. While improvement works are
underway for all facilities, few plans, if any, consider engineering requirements to deal with a
changing climate.

RAILWAYS

The majority of Jamaica’s railways were constructed prior to the 1950s, initially to promote
passenger travel on the island and later to support a growing bauxite mining industry. Many of
these railroads were closed during the 1970s due to concerns about operational deficits. Today,
only a single line offers mine-to-port connectivity. The condition of existing stations is primarily
categorized by the Jamaica Railway Corporation (JRC) as very poor or deplorable (Table 3).
Significant investments would be required to revitalize them.
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33

Table 3. Location and condition of JRC railway stations

STATION

Kingston
Gregory Park
Grange Lane
Spanish Town
Bogwalk
Riversdale
Troja
Richmond
Highgate
Albany
Annotto Bay
Buff Bay
Orange Bay

Hope Bay

St. Margaret's
Bay

Port Antonio
Linstead
Ewarton

Old Harbour
Bodles Junction
May Pen
Suttons
Chapleton
Morgan's Pass
Crooked River
Trout Hall
Frankfield
Jacob's Hut
Four Paths
Clarendon Park
Porus
Williamsfield

Kendal

PARISH

Kingston
St. Catherine
St. Catherine
St. Catherine
St. Catherine
St. Catherine
St. Catherine
St. Mary
St. Mary
St. Mary
St. Mary
Portland
Portland

Portland

Portland
Portland

St. Catherine
St. Catherine
St. Catherine
St. Catherine
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Clarendon Park
Manchester
Manchester

Manchester

Montego Bay
Montego Bay
Montego Bay
Montego Bay
Port Antonio
Port Antonio
Port Antonio
Port Antonio
Port Antonio
Port Antonio
Port Antonio
Port Antonio
Port Antonio

Port Antonio

Port Antonio
Port Antonio
Ewarton
Ewarton
Ewarton
Ewarton
Montego Bay
Frankfield
Frankfield
Frankfield
Frankfield
Frankfield
Frankfield
Frankfield
Montego Bay
Montego Bay
Montego Bay
Montego Bay
Montego Bay

STATUS

Very Good
Destroyed by Fire
Very Poor

Very Poor

Very Poor

Very Poor
Vandalized

Very Poor

Very Poor
Destroyed by Fire
Demolished

Very Poor

Good

Very Poor

Destroyed by Fire
Poor

Very Poor
Abandoned

Very Poor

Poor

Demolished
Good
Demolished

Very Poor
Demolished
Demolished
Demolished

Poor

Poor

Poor

Very Poor

Very Poor
Destroyed by Fire
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NUMBER  STATION PARISH LINES STATUS
34 Greenvale Manchester Montego Bay Very Poor
35 Balaclava St. Elizabeth Montego Bay Deplorable
36 Appleton St. Elizabeth Montego Bay Very Poor
37 Maggotty St. Elizabeth Montego Bay Destroyed by Fire
38 Ipswich St. Elizabeth Montego Bay Deplorable
39 Stonehenge St. James Montego Bay Poor
40 Catatupa St. James Montego Bay Very Poor
41 Cambridge St. James Montego Bay Deplorable
42 Montpelier St. James Montego Bay Very Poor
43 Anchovy St. James Montego Bay Very Poor
44 Montego Bay St. James Montego Bay Deplorable

Source: Jamaica Railway Corporation, 2017.

CLIMATE VARIABILITY AND CLIMATE CHANGE AND EVENTS THAT
IMPACT THE TRANSPORT SECTOR

Weather and climatic conditions experienced in the Caribbean region are a product of both
human-induced climate change and natural cyclical climate patterns. Climate experts agree that
the average climate of the Caribbean region is changing and will undergo significant changes as
global warming continues, even if key mitigation efforts were taken today to reduce the emission
of greenhouse gases (IPCC 2007, others).

CSGM undertook an extensive analysis to produce the State of the Jamaican Climate 2012.
This analysis was based on data from MSJ and the Climatic Research Unit at the University of
East Anglia, as well as future projections from large-scale global circulation models (GCMSs) in
the Intergovernmental Panel on Climate Change’s Fifth Assessment Report, two regional
circulation models (RCMs), and outputs from a statistical downscaling exercise. Highlights are
presented below and summarized in Table 4.

Temperatures will continue to rise. When compared with the 1986—2005 time period,
Jamaica is expected to experience a significant rise in temperatures across all seasons of about
0.85-1.8°C by mid-century, and up to 4°C by the end of the century. By themselves, increases
in temperature can have a significant impact on critical transport sector functions. For example:

e Higher temperatures and more heat extremes could result in aircraft payload restrictions,
flight cancellations and service disruptions, which would have critical impacts on the
tourism industry. Extreme heat can cause buckling of runways. Aircraft lift may also be
affected, as the less dense, hotter air reduces the mass flow necessary over the wing to
create lift. If runways are not long enough for large aircraft to build speed to generate lift,
their weight must be reduced. In extreme cases, flights will need to be cancelled.
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o Higher temperature could lead to more frequent buckling of pavements and
misalignment of rail lines. Concrete and reinforcement structures of rail lines expand and
contract due to moisture absorption, which could, in cases of extreme heat, lead to
buckling.

e Higher temperatures and increased heat extremes can increase not only the discomfort
for those using public transportation but also the risk from heat exposure, especially for
children and the elderly.

o Higher temperatures can increase the need for and costs of maintaining adequate
cooling in public transportation vehicles.

Extreme weather events could increase. Extreme events have had a significant impact on
Jamaica’s economy, environment and people. Five major storm events between 2004 and 2008
reportedly caused USD1.2 billion in losses and damage (Neufville/ IPS 2012). More intense
tropical storms are a likely result of climate variability and change. With respect to the transport
sector, four extremes are relevant: hurricanes, precipitation, wind and storm surges.

e Stronger storms generally extend the periods of intense precipitation and strong winds,
and cause tidal surges that can devastate the transport sector. Jamaica lies in the path
of Atlantic hurricanes and spends upwards of JIMD72 billion or approximately 3 percent
of its GDP dealing with the impacts (Burgess 2015).

e Excessive rainfall and flooding can damage road infrastructure. Because many coastal
roadways serve as evacuation routes during hurricanes, their vulnerability may increase
coastal areas’ overall vulnerability to climate risks.

¢ Heavy rains increase the risk of exposure to the elements and challenge those most in
need of public transportation, including children and the elderly.

Sea levels will continue to rise. Port infrastructure, including facilities such as the Montego
Bay and Ocho Rios cruise terminals, as well as Port Antonio are important transport assets with
long design lives. They are sensitive to sea level rise, with decking and wharves more frequently
exposed to larger wave forces, resulting in increased scour of foundations of marine structures.
They are also vulnerable to increased risk of overtopping during storm surges. Many airports
are located near the coast and vulnerable to rising seas, including Norman Manley International
Airport, which sits at an average elevation of 3 m above sea level and is also vulnerable to
flooding. Projections suggest a minimum of 2—3 mm rise in sea levels per year during the first
half of the century. At a minimum, these impacts are likely to result in more weather delays and
periodic interruptions.
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Table 4. Changing and future climate projections for Jamaica

TEMPERATURES

Historical Projected
e Minimum, maximum and mean temperatures increase
* Projected mean temperature increases include:
o 0.49-0.57°C by the 2020s
o 0.65-0.84°C by the 2030s
. ' o o 0.85-1.80°C by the 2050s and
¢ Rising maximum, minimum and mean o 0.82-3.09°C for 2081-2100 relative to 1986—2005
te.m_peratures ) ] ¢ RCMs suggest higher magnitude increases for specific
¢ Minimum temperatures increasing faster (~0.27 downscaled grid boxes: up to 4°C by end of century
°C/decade) than maximum temperatures (~0.06 . . .
o » Coastal regions show slightly smaller increases than
Cl/decade) S 2
. ) interior regions
e Mean temperatures increasing at a rate of 0.16 . .
o ¢ Mean daily maximum temperature each month at the
Cl/decade : : L
Norman Manley International Airport station is expected to
increase by 0.8-1.3°C across all Representative
Concentration Pathways (RCPs) by early (mid-) century
¢ Annual frequency of warm days in any given month at
Norman Manley International station may increase by 2—-12
days across all RCPs by early (mid-) century
RAINFALL
Historical Projected
¢ Significant year-to-year variability due to the o Mid-2020s will see 0—2% less rainfall in the annual mean.
influence of phenomena such as the El Nifio The 2030s will be up to 4% drier, the 2050s up to 10%
Southern Oscillation (ENSO) drier, while by the end of the century the country as a
« Insignificant upward trend whole may be up to 21% drier for the most severe RCP
. . Co scenario (RCP8.5)
¢ Strong decadal signal with wet anomalies in the ) ) ) ) )
1960s, early 1980s, late 1990s and mid- to late e Change in summer rainfall is the primary driver of the
2000s, and dry anomalies in the late 1970s, mid- drying trend
and late 1980s and post-2010 ¢ Dry season rainfall generally shows small increases or no
« Intensity and occurrence of extreme rainfall events | change
increasing from 1940-2010 e Spatial variation across the country and even within blocks,
with the south and east showing greater decreases than
the north and west

HISTORICAL OCCURRENCE OF DAMAGE TO THE TRANSPORT
SECTOR

Historically, climate events in Jamaica have caused considerable damage to transport
infrastructure. The costliest disasters in the country were due to floods and storms (Figure 3).
For example, in 2004, Hurricane Ivan’s storm surge caused heavy damage to the highway
connecting Kingston and Norman Manley International, while related flooding and landslides cut
off entire sections of other roads, blocked and destroyed drains and culverts, and damaged
retaining walls and bridge approaches. Overflowing rivers and streams caused collapse on
many road sections. Prior to the arrival of Hurricane Dennis in 2005, the island had received
above normal rainfall, resulting in a high level of soil saturation. This exacerbated the impact of
the hurricane and associated flooding, landslides and debris flows. The estimated cost to repair
the road network was USD51.6 million and airport repairs reached USD60 million.
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Figure 3. Costliest disasters in Jamaica since 1980
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Over 60 percent of all hazards/disasters registered in the country’s disasters database (covering
the period 1973-2014) were related to weather phenomena (Figure 4).

Figure 4. Disasters by type, 1973-2014
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Source: Desinventar Jamaica database.

Between 1979 and 2015, 10 percent of the disaster records noted damage to the transport
sector due to hurricanes, rain, storms, floods and atmospheric conditions such as dust and wind
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(Figure 5). This low number, however, could be a function of underreporting within the
Desinventar database.

Figure 5. Weather-related damages to Jamaica’s transport sector by cause, 1973-2014
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The occurrence of major weather events within the year mirrors Jamaica’s rainfall climatology,
which has a bimodal pattern with a minor peak between April-June and a maximum between

September—November (Figure 6).

Figure 6. Timing of registered weather-induced disasters with noted impacts to the transport sector,
1973- 2014
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Source: Desinventar Jamaica database.
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HURRICANES AND ASSOCIATED HEAVY RAINS

Between 1950 and 2015, 10 hurricanes (typically categories 3 and 4 in strength) and an equal
number of tro