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ABSTRACT

The expansion of the Panama Canal, completed in 2016 with the introduction of the Third Set of Locks, represents a significant
milestone in global maritime infrastructure. This original article, titled “Navigating Change: Investigating the Economic, Social,
and Environmental Implications of Panama Canal Expansion,” provides a comprehensive analysis of the far-reaching impacts
associated with the monumental project.

The study examines the economic analysis, explores changes in shipping costs, shifts in global trade patterns, and the contribution of
the expanded canal to Panama’s national revenue. It evaluates the social consequences, including the effects on local communities,
workforce dynamics, and regional development initiatives. Furthermore, environmental ramifications, focusing on the increased
water usage, potential for pollution, and ecosystem disruptions due to larger vessel traffic.

Through a multidisciplinary approach, this research paper presents a nuanced understanding of the expansion’s impacts. The
findings highlight the complexities and interdependencies of economic, social, and environmental factors, offering valuable
insights into the broader implications of large-scale infrastructure projects. This study aims to inform policymakers, industry
stakeholders, and academics about the sustainable development challenges and opportunities posed by the expanded Panama
Canal, contributing to the discourse on balancing economic growth with environmental stewardship and social equity.
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INTRODUCTION

The Panama Canal, an engineering marvel and critical artery for
global maritime trade, has significantly influenced international
commerce since its inauguration in 1914. Serving as a pivotal
conduit between the Atlantic and Pacific Oceans, the canal has
drastically reduced shipping times and distances, reshaping
global trade routes and economic patterns. Over a century
later, the Panama Canal remains a cornerstone of international
logistics, underscoring its enduring strategic and economic
importance.

In response to burgeoning global trade demands and the advent
of larger, more efficient vessels, the Panama Canal Authority
undertook an ambitious expansion project, completed in
2016. The expansion, commonly referred to as the ‘Third
Set of Locks’, aimed to accommodate Neo-Panamax ships,
significantly larger than those previously able to transit the
canal. This monumental project not only enhanced the canal’s
capacity but also promised to further cement its role in global
maritime logistics.'

However, the expansion of the Panama Canal extends
beyond mere infrastructural improvements. It has profound
economic, social, and environmental implications that merit
comprehensive investigation. Economically, the expanded
canal influences shipping costs, international trade patterns,
and Panama’s national revenue.> Socially, the expansion has

impacted local communities, workforce dynamics, and regional
development. Environmentally, the increased traffic and larger
vessels raise concerns about water usage, ecosystem disruption,
and potential pollution.

This research article, titled “Navigating Change: Investigating
the Environmental, Social, and Economic Implications of
Panama Canal Expansion,” aims to provide a holistic analysis
of these multifaceted impacts. Through this exploration,
this article aims to contribute to the ongoing discourse on
sustainable development, economic growth, and environmental
stewardship in the context of major global trade infrastructure.
By examining the economic outcomes, social transformations,
and environmental consequences associated with the canal’s
expansion, this study seeks to offer valuable insights into
the broader implications of such a significant infrastructural
endeavour.

METHODOLOGY

The current paper would rely on primary and secondary
data from the discussions and debates, reports of various
Governments of South, North American nations, reports of
UN Environment Programme (UNEP), Global Environment
Outlook (GEO) in order to explore the key areas of the issue.
The article used various primary sources like Panama Canal
Authority (ACP) Reports, Environmental NGOs, Government
Environmental Agencies, Panama Canal Authority (ACP)
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Economic Reports, Trade and Shipping Databases, World
Bank and IMF Reports, and various Academic Journals to
arrive at conclusions and make graphical representations.
Other analyses were taken from various working papers, and
publications. Based on the data collected from the documents
and databases this paper will analyse the information and
arrive at a more comprehensive interpretation of the nuances of
economic, social, and environmental implications of Panama
Canal expansion.

RESULT

The Panama Canal expansion has brought substantial economic
benefits and enhanced global trade efficiency but also posed
social and environmental challenges. Addressing these
challenges requires ongoing efforts to implement sustainable
practices, promote inclusive development, and strengthen
regulatory frameworks.

DISCUSSION

Thearticle provides acomprehensive analysis of the multifaceted
impacts of the Panama Canal expansion, emphasising the
interplay between environmental sustainability, social equity,
and economic development. It aims to offer valuable insights
for policymakers, industry stakeholders, and researchers on the
sustainable development of major global trade infrastructure.

CONCLUSION

The Panama Canal expansion has brought substantial economic
benefits and enhanced global trade efficiency. However, it
has also introduced significant social and environmental
challenges. Addressing these challenges requires ongoing
efforts to implement sustainable practices, promote inclusive
development, and strengthen regulatory frameworks. This
thorough analysis highlights the need for sustainable and
balanced approaches to manage significant global trade
infrastructure, offering insightful information.

Importance of the Article:

The article “Navigating Change: Investigating the Economic,
Social, and Environmental Implications of Panama Canal
Expansion” is significant for several reasons:

The construction of the Panama Canal is considered one of the
greatest engineering achievements of the 20" century. It involved
overcoming significant technical challenges and adverse
conditions, showcasing human ingenuity and perseverance.
The canal has played a significant role in the history of Panama
and the region. The U.S. initially controlled the canal, but it
was returned to Panamanian sovereignty in 1999, marking an
important moment in Panama’s national identity and history.’

The construction of the Panama Canal was a monumental
engineering project that took place in various stages over several
decades, involving both French and American efforts. The idea
of a canal through the Isthmus of Panama dates back centuries,
but serious efforts began with the French under the leadership
of Ferdinand de Lesseps, who had successfully completed the
Suez Canal. In 1881, the French began construction with the
goal of building a sea-level canal without locks, similar to the
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Suez Canal. The project faced immediate challenges, including
difficult terrain, heavy rainfall, and tropical diseases such as
malaria and yellow fever. The French effort was plagued by
high mortality rates among workers due to disease, engineering
challenges, and financial mismanagement.* By 1889, the
French project had failed, and the Compagnie Universelle du
Canal Interocéanique went bankrupt after spending nearly $287
million and losing an estimated 22,000 lives.

After the failure of the French effort, the U.S. government
became interested in the project. In 1904, the U.S. acquired the
French assets and rights to the canal for $40 million.> Under
President Theodore Roosevelt, the U.S. began preparations,
including clearing the region of mosquitoes to combat malaria
and yellow fever, spearheaded by Dr. William C. Gorgas.
Unlike the French, the Americans decided to build a lock-based
canal, which would be more feasible given the geography and
hydrology of the region.

Massive excavation work was required to cut through the
Continental Divide at the Gaillard Cut (formerly Culebra Cut)
and remove millions of cubic yards of earth and rock. Three
sets of locks were built at Miraflores, Pedro Miguel, and Gatun
to raise and lower ships between sea level and the level of
Gatun Lake, an artificial lake created by damming the Chagres
River. The Gatun Dam was constructed to control the Chagres
River and create Gatun Lake, which forms a major part of the
canal. Infrastructure such as railways, housing, hospitals, and
administrative buildings were built to support the workforce
and operations.

The Panama Canal was officially completed in 1914. The first
official transit was made by the cargo ship SS Ancon on August
15, 1914. The canal was managed by the United States under
the Panama Canal Zone governance.® It quickly became a
critical artery for global maritime trade. In 1977, the Torrijos-
Carter Treaties were signed, stipulating that the canal would be
handed over to Panama by the end of 1999. On December 31,
1999, control of the canal was officially transferred to Panama.’

Recognising the need to accommodate larger ships and increase
capacity, a major expansion project, known as the “Third Set of
Locks” project, was undertaken. The expansion included the
construction of new, larger locks, additional access channels,
and widening and deepening of existing channels. The expanded
canal opened on June 26, 2016, allowing for the transit of New
Panamax ships, which are significantly larger than the vessels
the original locks could accommodate.® This expansion allowed
the canal to accommodate larger vessels also known as New
Panamax or Neo-Panamax ships, further enhancing its capacity
and economic significance.

The article focuses on four major points. Firstly, it assesses the
economic benefits of Panama Canal, secondly, studies social
and cultural impacts, thirdly, investigates the environmental
challenges and impact, and finally, evaluates the effects of the
Panama Canal expansion.
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Economic benefits:

The Panama Canal plays a significant role in generating
employment and fostering economic activities within Panama.
The Panama Canal Authority (ACP) directly employs thousands
of Panamanians in various roles, including canal operations,
maintenance, administration, engineering, and management.
The operation of the canal supports a wide range of industries,
including shipping, logistics, maritime services, construction,
and tourism. These industries provide employment opportunities
for thousands of individuals in Panama. The expansion and
maintenance of the canal infrastructure often involve large-
scale construction projects. These projects create temporary
employment opportunities for construction workers, engineers,
and support staff. The Panama Canal is a major tourist
attraction, drawing visitors from around the world. Tourism-
related businesses, such as hotels, restaurants, tour operators,
and souvenir shops, provide employment for local residents.

The primary source of revenue for the Panama Canal is tolls
paid by ships transiting through the waterway. These tolls
contribute significant income to the Panama Canal Authority
and the national economy. The canal provides various ancillary
services, including pilotage, tugboat assistance, line handling,
and mooring services. Fees generated from these services
contribute to the canal’s overall revenue. The canal’s operation
stimulated economic activities in the maritime services and
logistics sectors. This includes shipping agencies, freight
forwarders, customs brokers, and port services providers.
The efficient transport of goods through the canal supports
industrial and manufacturing activities in Panama. Companies
involved in manufacturing, processing, and distribution benefit
from the canal’s role in facilitating international trade.® The
presence of the canal has spurred infrastructure development in
Panama, including the construction of ports, terminals, roads,
and utilities. These investments contribute to economic growth
and create additional employment opportunities.

By shortening the distance between the Atlantic and Pacific
Oceans, the Panama Canal significantly reduces fuel
consumption for ships. For example, the route from New York
to San Francisco via the canal is approximately 5,200 nautical
miles compared to 14,000 nautical miles around Cape Horn.'®
Considering an average fuel consumption of 80 metric tons per
day at a cost of $600 per metric ton, the fuel cost savings can
amount to approximately $1.92 million per trip. Shorter travel
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times translate to lower operational costs, including crew
wages, maintenance, insurance, and other expenses. A 40-day
reduction in transit time can save around $400,000 in crew
wages alone, assuming an average daily wage expenditure
of $10,000. While ships must pay tolls to transit the Panama
Canal, the toll costs are often offset by the savings in fuel and
operational expenses."' The tolls are structured based on vessel
size, type, and cargo capacity, but generally provide a cost-
effective alternative to the longer route around South America.

The canal’s expansion, completed in 2016, allows the transit of
larger vessels, known as Neo-Panamax ships, which can carry
up to 14,000 TEUs (Twenty-Foot Equivalent Units) compared
to the previous limit of 5,000 TEUs. This increased capacity
has reshaped global shipping routes, enabling more efficient
and cost-effective transportation of larger cargo volumes.
The expanded canal has also facilitated the diversification
of cargo types, including larger shipments of LNG and bulk
commodities, thereby influencing global trade patterns and
supply chains.

The Panama Canal is a significant revenue source for Panama.
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Tolls and related fees from transiting vessels generate billions
of dollars annually, contributing substantially to the national
economy. The Panama Canal generated approximately $3.4
billion in toll revenue. The canal provides direct and indirect
employment opportunities for thousands of Panamanians,
supporting jobs in administration, operations, maintenance, and
related services.'? The economic benefits from the canal have
spurred infrastructure development in Panama, including ports,
logistics facilities, and transportation networks.

The Panama Canal generates significant revenue through tolls,
fees, and related services. This revenue directly contributes
to the country’s GDP. The operation and maintenance of the
canal provide direct employment opportunities for thousands
of Panamanians, contributing to personal income levels and
household consumption, which in turn contribute to GDP."*

The canal’s operation stimulates economic activities in
supporting industries such as shipping, logistics, maritime
services, construction, and tourism. These industries contribute
to GDP growth through production, employment, and income
generation. The presence of the canal has spurred infrastructure
development in Panama, including the construction of
ports, terminals, roads, and utilities. These investments in
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infrastructure contribute to economic growth and productivity
gains in other sectors.'*

The efficient transport of goods through the canal supports
trade and commerce in Panama, facilitating import and export
activities. This enhances Panama’s role as a regional trade hub
and contributes to GDP growth through increased trade volumes
and economic transactions. The canal’s strategic location and
role in global trade make Panama an attractive destination for
foreign investment. Foreign direct investment (FDI) inflows
contribute to economic growth by stimulating business activity,
creating jobs, and fostering innovation.”” The Panama Canal
is a major tourist attraction, drawing visitors from around the
world. Tourism-related activities, such as guided tours, visitor
centres, hotels, restaurants, and souvenir shops, contribute to
GDP growth by generating revenue for local businesses and
stimulating economic activity in the hospitality sector.

Panama has been leveraging the canal’s economic benefits
to drive diversification efforts and promote growth in other
sectors, such as financial services, logistics, manufacturing,
and technology. This diversification strategy aims to reduce
dependence on the canal and further stimulate economic growth
across various industries.

The Panama Canal acts as a vital shortcut for maritime trade
between the Atlantic and Pacific Oceans, reducing transit times
and fuel costs compared to alternative routes like sailing around
the southern tip of South America.'® By offering a shorter and
more cost-effective route, the canal stimulates trade between
major markets in North America, Europe, Asia, and Latin
America, facilitating the movement of goods, raw materials,
and commodities.

Access to the Panama Canal provides countries and regions with
a competitive advantage in global trade by offering a strategic
gateway to major consumer markets and production centres.'’
The canal’s operation influences the competitiveness of various
commodity markets, particularly bulk commodities like grain,
coal, oil, and LNG, by affecting transportation costs and
access to markets. The canal’s expansion has spurred growth
in the global shipping industry, leading to increased demand
for vessel services, port infrastructure, maritime logistics, and
related services.

Social and Cultural Impacts:

The construction and operation of the canal have provided
employment opportunities for generations of Panamanians,
including labourers, engineers, administrators, and service
providers. The canal’s presence has been a driving force
behind urbanisation and economic development in Panama
City and other canal-related communities. The Panama canal’s
economic significance has stimulated entrepreneurship and
business growth in sectors such as shipping, logistics, tourism,
and hospitality. Small businesses, restaurants, hotels, and tour
operators catering to canal-related activities have flourished in
canal zone areas.'®

The Panama Canal’s role as a global transportation hub has
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facilitated cultural exchange and interaction among people from
diverse backgrounds, including Panamanians, foreigners, and
transient populations. This cultural diversity enriches Panama’s
cultural landscape and fosters cross-cultural understanding and
cooperation.'” The canal zone contains historical landmarks,
cultural sites, and archaeological treasures that reflect Panama’s
rich cultural heritage and history. Efforts to preserve and
promote cultural heritage sites contribute to national pride,
tourism, and cultural identity.

The construction and operation of the canal have played
a unifying role in Panamanian society, bringing together
people from different regions, ethnicities, and socio-economic
backgrounds in pursuit of a common goal. The canal symbolises
Panama’s national identity and collective aspirations for
progress and prosperity. Canal-related communities, such as
Balboa, Colén, and Gamboa, have developed strong social
bonds and networks among residents, workers, and their
families. These communities have a shared history, culture,
and sense of belonging rooted in the canal’s legacy.” The
canal’s natural surroundings, including rainforests, wetlands,
and wildlife habitats, provide opportunities for eco-tourism,
outdoor recreation, and nature-based activities. Eco-
tourism initiatives contribute to local economies, promote
environmental education, and foster appreciation for Panama’s
natural heritage.

Despite the canal’s economic benefits, social disparities and
inequalities persist in canal zone areas and beyond. Issues
such as poverty, unemployment, inadequate housing, and
access to basic services affect marginalised communities and
vulnerable populations. Rapid urbanisation, globalisation, and
socio-economic changes pose challenges to the preservation
of Panama’s cultural heritage and traditional way of life.
Balancing economic development with cultural preservation
requires careful planning, community engagement, and policy
intervention.

Construction of the canal and associated infrastructure projects
resulted in the displacement of local communities, indigenous
peoples, and rural populations. Forced resettlement and land
acquisition disrupted traditional livelihoods, cultural practices,
and social cohesion in affected areas. Construction of the canal
involved intensive labour efforts, including migrant workers
from various countries. Labour conditions were often harsh,
with reports of exploitation, unsafe working conditions, and
inadequate labour rights protections. Efforts to improve labour
conditions and ensure worker rights have been ongoing.

Canal construction and industrial activities have raised
concerns about public health risks, including air pollution,
waterborne diseases, and occupational hazards. Contaminants
from industrial processes and shipping operations pose risks
to human health and ecosystem integrity in surrounding
communities. The canal’s construction and operation have
impacted cultural heritage sites, archaeological resources,
and indigenous territories. Preservation of cultural heritage,
protection of indigenous rights, and community engagement
are essential for sustainable development and social cohesion
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in the canal zone.

The Panama Canal Authority (ACP) implemented environmental
management and conservation measures to mitigate impacts
on biodiversity, habitats, and water resources. These include
habitat restoration, reforestation, wildlife conservation, and
pollution control efforts.?’ The ACP conducts social impact
assessments and engages with local communities, indigenous
groups, and stakeholders to address social concerns, ensure
community participation, and promote inclusive development.
Consultation, dialogue, and partnership-building are integral to
sustainable canal management.

Efforts to improve labour rights, occupational safety, and worker
conditions involve regulatory reforms, labour inspections, and
capacity-building initiatives. Ensuring compliance with labour
standards, fair wages, and occupational health protections is
essential for safeguarding worker rights and well-being. The
ACP invests in climate resilience measures and infrastructure
upgrades to enhance canal resilience to climate change
impacts. These include coastal protection, flood management,
infrastructure hardening, and climate risk assessments to ensure
the canal’s long-term sustainability.

Environmental Challenges and Impacts:

During the construction of the canal in the early 20th century,
vast areas of tropical rainforest were cleared to make way
for the canal’s infrastructure, including locks, dams, and
reservoirs. This deforestation led to the loss of critical habitat
for numerous plant and animal species. Wetlands and mangrove
forests along the canal’s route were drained or converted into
land for development, disrupting important ecosystems that
provide habitat for diverse flora and fauna.?

The construction of dams and artificial lakes to manage water
levels along the canal’s route has altered natural hydrological
patterns, affecting river flows, sediment transport, and
groundwater recharge in adjacent areas. The discharge of
pollutants from ships, port facilities, and industrial activities
associated with the Panama Canal’s operation has led to water
pollution, including contamination by heavy metals, oil spills,
and sewage discharges, which can harm aquatic ecosystems
and human health.®

The creation of an artificial waterway connecting two distinct
ecosystems facilitated the introduction and spread of invasive
species into the canal’s watershed. Invasive plants, animals, and
pathogens can outcompete native species, disrupt ecological
processes, and threaten biodiversity. Habitat destruction,
pollution, and invasive species have contributed to the decline
of native biodiversity in and around the canal zone, affecting
species such as amphibians, reptiles, birds, and mammals that
depend on intact ecosystems for their survival.

The low-lying coastal areas surrounding the canal are vulnerable
to sea-level rise associated with climate change, which can
increase the risk of coastal erosion, saltwater intrusion into
freshwater sources, and inundation of infrastructure. Climate
change is expected to intensify extreme weather events, such as
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hurricanes and heavy rainfall, which could pose risks to canal
infrastructure, disrupt operations, and exacerbate flooding and
landslides in adjacent communities.

Panama has implemented environmental regulations and
policies to mitigate the impacts of canal construction and
operation, including measures to reduce water pollution, protect
critical habitats, and promote sustainable land use practices.*
Conservation organisations and government agencies in
Panama are engaged in efforts to restore degraded habitats,
control invasive species, and promote ecosystem resilience in
the canal zone and surrounding areas.

The construction and operation of the canal have altered
natural sediment transport processes, leading to sedimentation
within the canal and adjacent waterways. Excessive sediment
accumulation can impede navigation, degrade water quality,
and disrupt aquatic habitats. Changes in hydrology and land use
associated with the canal have contributed to coastal erosion
along the canal’s shoreline and adjacent areas. Coastal erosion
can result in the loss of valuable habitat, infrastructure, and
coastal communities.

The management of water resources along the Panama
Canal’s route is complicated by competing demands for water
supply, irrigation, hydropower generation, and ecosystem
conservation.”” Balancing these competing interests requires
careful planning and sustainable water management practices.
Wetlands and riparian areas adjacent to the canal are vulnerable
to degradation due to alterations in water flow, land use
changes, and pollution. Protecting and restoring these critical
habitats is essential for maintaining water quality, biodiversity,
and ecosystem services.

The construction of the Panama Canal and associated
infrastructure projects have led to the displacement of local
communities and indigenous groups from their traditional
lands.? Displacement can disrupt social cohesion, cultural
identity, and traditional livelihoods, posing challenges for
affected communities. Preserving and managing these assets is
essential for maintaining cultural heritage, promoting tourism,
and fostering cultural identity.

Environmental impacts associated with the canal
disproportionately —affect marginalised and vulnerable
communities, including indigenous peoples, rural populations,
and low-income households. Addressing environmental justice
concerns requires equitable decision-making, community
engagement, and access to environmental resources. Water
pollution, air pollution, and exposure to hazardous substances
associated with canal-related activities can pose risks to
public health and well-being. Ensuring access to clean water,
healthcare services, and environmental monitoring is essential
for protecting public health in affected communities.

The environmental impacts of the canal extend beyond Panama’s
borders, affecting neighbouring countries and ecosystems.
Addressing transboundary environmental issues requires
international cooperation, data sharing, and collaborative
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conservation efforts. The Panama Canal watershed is part of
a globally significant biodiversity hotspot, hosting diverse
ecosystems and species found nowhere else on Earth. Protecting
these natural treasures requires global conservation initiatives,
sustainable development practices, and investment in research
and monitoring.?’

Effects of the Panama Canal Expansion:

The expansion allowed for the passage of larger vessels known
as “New Panamax” ships, which are significantly larger than
the Panamax vessels that could transit the original canal. New
Panamax ships have increased dimensions in terms of length,
width, and draft, allowing for greater cargo capacity and
efficiency. The ability to accommodate larger ships has led to
an increase in the volume of cargo transiting the canal. Shipping
companies can now transport larger quantities of goods in a
single voyage, reducing the overall cost per unit of cargo and
increasing the competitiveness of the canal as a transit route.

The expansion has diversified the types of vessels transiting the
canal, including container ships, LNG carriers, bulk carriers,
and cruise ships. This diversification reflects the canal’s
enhanced capability to accommodate a wider range of vessel
sizes and types, catering to diverse shipping needs and markets.
The expansion has also led to changes in global trade routes,
with some shipping lines opting to utilise the Panama Canal
for voyages that were previously uneconomical due to size
limitations.” This has resulted in a redistribution of maritime
traffic and a shift in trade patterns, particularly in the container
shipping industry.

Larger ships transiting the expanded canal can benefit from
shorter transit times compared to alternative routes. This is
particularly significant for vessels travelling between the
East Coast of the United States and Asia, where the Panama
Canal offers a more direct route. The new locks and improved
infrastructure introduced as part of the expansion project have
enhanced operational efficiency, allowing for faster transit
times and reduced waiting periods for ships. This has increased
the attractiveness of the canal as a transit route and contributed
to its competitiveness in the global shipping industry.

The expansion has prompted upgrades and investments in port
infrastructure at both ends of the canal to accommodate larger
vessels and increased cargo volumes. Ports along the East
and Gulf Coasts of the United States, as well as in Asia and
South America, have expanded their facilities to handle New
Panamax ships and capitalise on the canal’s expanded capacity.
The ability to accommodate larger ships has encouraged supply
chain optimisation and economies of scale for shippers and
cargo owners. Companies can now consolidate shipments
into larger vessels, streamline logistics operations, and reduce
transportation costs, benefiting from the efficiencies enabled by
the expanded canal.

The expanded canal has facilitated direct shipping routes
between Asian manufacturing hubs, such as China and South
Korea, and major consumer markets on the East Coast of
North America, including the United States and Canada. This
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has reduced transit times and transportation costs for Asian
exporters and North American importers. While the Suez Canal
remains the preferred route for shipping between Asia and
Europe due to its shorter distance, the expanded Panama Canal
has become increasingly competitive for cargo and shipping
services. Some shipping lines have opted to utilise the Panama
route for smaller vessels or time-sensitive cargo bound for the
U.S. East Coast or Gulf Coast markets.

The expansion of the Panama Canal has prompted shipping
alliances to restructure their routes and vessel deployments to
capitalise on the canal’s increased capacity. Some alliances have
shifted their focus towards deploying larger vessels on routes
transiting the Panama Canal to take advantage of economies of
scale and reduce per-unit transportation costs. Shipping lines
have introduced new services and route options tailored to the
capabilities of the expanded canal, offering customers more
choices and flexibility in terms of transit times, frequency, and
pricing. This has led to increased competition among shipping
lines vying for market share on key trade routes.

Ports along the U.S. East Coast, Gulf Coast, and Caribbean
have invested in infrastructure expansions and upgrades to
accommodate larger vessels and increased cargo volumes
transiting the expanded canal. This includes deepening channels,
upgrading terminals, and enhancing intermodal connectivity to
handle larger vessels and accommodate growing trade volumes.
Port expansions and infrastructure investments have stimulated
economic growth and development in port cities and adjacent
regions, creating employment opportunities, attracting business
investment, and spurring real estate development.

The expanded Panama canal has enabled the transit of
larger bulk carriers and liquefied natural gas (LNG) tankers,
facilitating the export of commodities such as grain, coal,
and LNG from the United States to markets in Asia and Latin
America.?”’ This has altered trade dynamics and supply chains
for bulk commodities and energy products. Containerised trade
has also seen shifts, with larger container ships transiting the
canal to serve growing consumer markets in North America and
Latin America. This has led to changes in sourcing patterns,
distribution networks, and inventory management strategies for
retailers, manufacturers, and logistics providers.

The expanded canal has enhanced connectivity between Latin
American markets, such as Brazil, Argentina, and Chile, and
major consumer markets in North America and Asia. This has
facilitated trade diversification and the development of new
trade corridors linking emerging economies with global supply
chains. While the Panama Canal offers a shorter and more cost-
effective transit route for certain trade lanes, the emergence
of Arctic shipping routes, facilitated by melting ice caps and
improved navigation technology, poses a potential challenge
to the canal’s competitiveness in the long term. Arctic routes
could provide a more direct and fuel-efficient alternative for
shipping between Asia and Europe, particularly during ice-free
seasons.

The expansion has raised environmental concerns related
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to increased ship traffic, air and water pollution, and habitat
disturbance in the canal zone and adjacent areas. Efforts to
mitigate these impacts include environmental monitoring,
pollution control measures, and habitat restoration initiatives.
The expansion has generated socio-economic benefits for
Panama, including job creation, infrastructure development, and
increased revenue from canal tolls. However, it has also raised
social issues such as land displacement, community disruption,
and disparities in the distribution of economic benefits, requiring
inclusive development policies and stakeholder engagement.

Despite economic benefits, there are concerns about social
equity, labour conditions, and income inequality in canal-
related industries. Ensuring fair labour practices, worker safety,
and social inclusion is essential for sustainable economic
development. The expansion of the Panama Canal has
alarmed environmental concerns, including habitat disruption,
pollution, and water management challenges. Balancing
economic development with environmental conservation
and sustainability requires careful planning and mitigation
measures.*

The findings of this study emphasise the importance of an
integrated approach to sustainable development. Balancing
economic growth with environmental sustainability and social
equity is paramount. The Panama Canal’s expansion offers
valuable lessons for similar infrastructure projects worldwide.
The need for comprehensive planning, inclusive policies, and
sustainable practices cannot be overstated.

Future research should continue to explore the long-term
impacts of the canal’s expansion, particularly in the context
of evolving global trade patterns and climate change. The
development of innovative technologies and practices that
promote sustainability and resilience is also a critical area for
ongoing investigation.

In conclusion, the Panama Canal expansion stands as a testament
to human ingenuity and the complex interplay of development,
environment, and society. This article underscores the critical
need for sustainable practices, equitable policies, and inclusive
development approaches to navigate the challenges and
harness the opportunities presented by such transformative
infrastructure projects. As the world continues to face the
twin challenges of economic development and environmental
sustainability, the lessons learned from the Panama Canal’s
expansion will remain ever relevant.

By addressing the identified challenges and leveraging the
outlined prospects, the Panama Canal can continue to serve
as a vital conduit for global trade, while also promoting
sustainable development and improving the well-being of local
communities. The path forward requires collective action,
informed decision-making, and a steadfast commitment to
balancing progress with preservation.
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