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Abstract

The expanded Panama Canal opened on June 26, 2016. This expansion is the third
set of locks that enabled the canal to double its capacity through the addition of
new traffic lanes, which allowed neo-Panamax and some post-Panamax vessels to
transit across the canal. The widening of the canal has increased maritime traffic
within Latin America and the Caribbean (LAC). Major ports in the regions have made
huge investments in port expansion and infrastructural development to
accommodate neo-Panamax vessels. In this study, we investigated the impact of the
Panama Canal expansion (PCE) on the Latin America and the Caribbean (LAC) ports
by using the Difference in Difference (DID) method. This impact was evaluated for
100 major and regular ports within the three sub-regions of LAC, namely Caribbean,
Central, and South America, before and after the treatment effect, that is, the PCE.
The findings from the model revealed that the average container port throughput
(TEUs) for the treated ports (DTrp) was more than that of the controlled ports
(CONTp) with transshipment hub, Central America, and South America having 20%,
12%, and 34% growth, respectively, since the PCE (the treatment) except for the
Caribbean ports (DTrp), which experienced losses of 8% within the LAC region from
2010 to 2019.

Keywords: Maritime traffic, Panama Canal, Difference in differences (DID), Neo-
Panamax vessels

Introduction
The Panama Canal (PC) is one of the two most strategic artificial waterways critical to

global maritime trade, and the other is the Suez Canal. The Panama Canal (PC) is a

narrow isthmus approximately 65 km between the Caribbean Sea and the Pacific

Ocean. The canal was completed on August 15, 1914, becoming an essential route

connecting vessels sailing from the West and East coasts of the United States and the

LAC regions (Cho et al. 2019). Before the canal’s existence, the Cape horn was the only

trading route for ships connecting the East and West Coast of the Americas, and ves-

sels sailing from Europe to the West coast had to sail around the Cape horn of South

America (Gro 2016). The Panama Canal (PC) is the shortest operative route
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connecting maritime trade between the Atlantic and Pacific oceans. It is also the short-

est passage for gas cargoes from the Gulf of Mexico to Northern Asia (Rodrigue 2015).

For instance, for LNG carriers, the Gulf of Mexico’s distance to Japan is approximately

17,064 km (9214 nm) compared to 27,317 km (14,750 nm) through the Suez Canal

(Thomas 2015). The Panama Canal (PC) is essential to global trade, wherein an esti-

mate of over $270 billion worth of cargo crosses the canal each year; this serves over

140 maritime routes to over 80 countries (Panama Canal Authority 2019). The expan-

sion was completed on June 26, 2016, allowing Neo-Panamax and some Post-Panamax

vessels to transit; thus, increasing port competition, trade, cargo tonnage, and shipping

activities within the regions for the US East and Gulf Coasts (Rodrigue 2020).

Mega-ships have increased the economy of scale in maritime transport, boosting re-

gional ports’ transshipment activities (ACS 2017). For example, In the Caribbean, global

hub port terminals such as Kingston; Jamaica, Freeport; Bahamas, Caucedo; Dominican

Republic, and Juan; Puerto Rico (US territory) seek to capitalize on the anticipated in-

crease in transshipment activities. However, investments in deepening harbors and

expanding capacity handling may not be sustainable or profitable due to increased

competition among regional ports (Gooley 2018). The widening of the canal and the in-

crease in container volume have provided promised growth for United States cargo and

transportation among East and Gulf coast ports such as New York and New Jersey,

Port of Houston, South Carolina Ports, Port of Miami, et cetera. However, to what ex-

tent has this expansion impacted container port throughput (TEUs) growth within the

LAC region. It is essential to quantify the impact that PCE contributes to the LAC re-

gion to determine if ports benefit from this expansion (intervention). Major ports in

the LAC region have made substantial investments towards improving port services

and infrastructure. However, are these investments reaping success in container

throughput growth (container handled at ports that include the port of origin, destin-

ation, and transshipment)? An impact evaluation of the PCE among LAC ports is vital

for improving strategies to mitigate endogenous and exogenous factors that may con-

tribute to unsatisfactory outcomes (Hawkins et al. 2015). These factors may include

port development, international trade, economics, and policies that directly impact

TEU growth (Notteboom et al. 2021).

This paper seeks to analyze the impact of the PCE among 100 ports within the Carib-

bean, Central, and South America sub-regions. One of the impact evaluation methods,

Difference in Difference (DID), will determine the overall and sub-regional causal ef-

fects. This evaluation aims to use the DID as an alternative method for assessing a pol-

icy and interventions’ causal effect in the maritime sector.

Literature review
Panama Canal impact on the regions

Undoubtedly, the expansion of the Panama Canal has impacted both North America

and LAC regions. It has allowed the transit of mega-ships such as Neo and Post Pana-

max vessels to increase container throughput (TEUs) and Cargo tonnage at ports

within the region. PCE has increased competition among important transshipment

ports in Panama, Brazil, Jamaica, Mexico, the Bahamas, and Dominican Republic

(Rodrigue and Ashar 2016). Most of these countries have made considerable
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investments in port expansion, dredging, and logistics centers to accommodate and at-

tract mega-ships to their shores.

Using an impact evaluation method was necessary to assess the impact of the expan-

sion within this region. Hawkins et al. (2015, pp. 26) define impact as a longer-term re-

sult generated by policy decisions, often through intervention, project, or programs.

The PCE project has influenced the Americas’ subprojects, including the LAC region,

in dredging and port infrastructural improvements (Link 2015). Rodrigue and Ashar

(2016), UNCTAD (2014), and Singh et al. (2015) stated that the advent of Mega-ships

through the now expanded canal would influence greater transshipment yield and con-

tainer traffic among transshipment ports. On the other hand, Marle (2016) alluded that

the PCE has raised fears that the LAC container terminals were overcapacity due to

port infrastructure and usage. Gooley (2018) also stated that the Port of Panama (ACP)

indicated that some carriers shift from mega-ships due to high operating costs per con-

tainer. He further stated that International Maritime Organization (IMO) mandated on

January 1, 2020, that the use of low sulfur fuel could see more ships slow steaming to

reduce fuel consumption by using the longer Suez route instead of shorter transits via

Panama.

The expansion of the Panama Canal has impacted ports on the East and Gulf ports

of the USA. According to Bhadury (2016) and Park et al. (2020), the PCE has increased

cargo traffic flow from the West Coast to the East Coast, decreasing transportation

costs and increasing transit time. This impact will enable more cargo traffic to transit

the Panama Canal and increase transshipment activities within the Caribbean region.

Nicholson and Boxill (2017) strongly believe that if most of the US East Coast ports be-

come “ship ready” by improving port infrastructure such as longer quays, bigger cranes

to accommodate 18 to 22 containers, more storage space for containers, deeper channel

and berth, and higher bridges, then most Caribbean ports could see a reduction in

transshipment activities. For example, ports such as Baltimore, Charleston, Miami,

Philadelphia, and Virginia have official increases in container throughput (TEUs) due

to ships transiting the expanded Panama Canal.

Panama Canal impact on liner shipping and trading routes

The World Shipping Council (WSC) (2019) defines Liner shipping as the service of

transporting goods utilizing high-capacity, ocean-going ships that regular transit routes

on fixed schedules. World Shipping Council (WSC) (2019) further stated there were

400 liner services in operation providing weekly sailing from the port of call. Several

authors studied the impact of the PCE on liner shipping concerning routes section,

intermodal options, container vessel sizing, economic growth, and trading routes. The

PCE had substantial impacts on the structure of liner services in terms of capacity de-

ployment. Rodrigue (2020) stated that the first notable impact was the rapid transition

from Panamax ships towards Neo-Panamax ships for Deep-sea services between major

ports.

Pham et al. (2018) studied the PCE and its effects on East and West Liner Shipping

route choice. An empirical study was conducted for ocean-borne trade between New

York and Hong Kong. They examined route selection decisions for the PCE post-era by

combining qualitative and quantitative studies. Using a two-stage methodological
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framework to assess both the Panama and Suez Canals and the US intermodal system

alternative route competitiveness. The findings indicated that transportation was an es-

sential element for route selection, followed by the duration of transportation, depend-

ability, and route characteristics. The Panama Canal was the preferred route over the

Suez and US intermodal options.

Fan and Gu (2019) studied the PCE impact on container shipping route networks.

They used a dual-target route distribution model to evaluate the PCE. The results re-

vealed that during the PCE post-era, 15,000 TEU and 6500 TEU container vessels were

mainly deployed through the expanded canal while 8500 TEU, 10500 TEU, and 12,500

TEU used the Suez Canal.

Wang (2017) studied the impact of the Panama Canal on global shipping. The re-

search was based on empirical studies using annual reports and publications from the

Panama Canal Authority (ACP). Findings revealed that the expansion had generated

more revenue since the Neo-Panamax vessel deployment, which has resulted in further

economic growth for Panama.

Liu et al. (2016) analyzed the potential impacts of the PCE on the advancing competi-

tive, collaborative relations and the allocation of market dominance among the supply

chain (SC) players on US container markets. Cooperative Game theory was used to as-

sess this impact. The results revealed that Mega-ships transiting the canal would in-

crease East Coast markets by 32% while negatively impacting West Coast markets by

22%. Findings also revealed that the Ocean Carrier sub-coalition between West Coast

SC companies would shift to the preferred sub-coalition between Ocean Carriers and

East Coast SC companies after the PCE.

Carral et al. (2018) studied the impact of PCE on vessel size and seaborne transport.

Statistical analysis was used to assess this effect on the type and size of ships transiting

the canal. The findings revealed that growth in size and traffic for the container, LNG,

and LPG vessels had significant growth since PCE.

Zupanovic et al. (2019) analyzed the impact of PCE on cost-saving in the shipping in-

dustry. The paper examined operational cost savings for three types of post-Panamax ves-

sels; bulk, container, and tanker vessels on three different routes. The results revealed

savings range from 33 to 76%, equivalent to saving from US$227,562 to US$ 1,042,324.

Hence the PCE will result in a significant saving for specific categories of ships.

Shibasaki et al. (2018) studied the anticipated impact of PCE and Northern Sea routes

on LNG imports of Asian countries from macroeconomic and diversification perspec-

tives from exporting countries. The finding revealed that the divergence of exporting

countries for LNG imports was not affected by the change in Japan’s import pattern,

and some degree of impact was observed for these countries’ national economies.

Achurra-Gonzalez et al. (2016) studied the use of different liner shipping network sce-

narios such as natural disasters or infrastructure development impacts on container trade

routes. They used a cost-based network model for Southeast Asia to Europe liner shipping

trade. The results suggested that interconnectivity was susceptible to disruptions.

Van Hassel et al. (2020) analyzed the PCE influence on perspective shifts of cargo

flow from US and European ports. They used model design to calculate the container

transportation cost using the Panama Canal. Studies were conducted before and after

the PCE for shipments from the US to Europe. The study concluded that the expansion

had impacted port selection mainly for the United States and, to a lesser extent Europe.
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Martinez et al. (2016) studied the PCE effect on the shipping routes of Asian imports

into the United States. They investigated factors affecting routing decisions by using a

Coast Choice Model. The simulation results showed that the PCE would generate sig-

nificant time saving on shipments from Asia and was projected to shift significant traf-

fic flow from West to East Coast ports, establishing vital policy repercussions for port

operators on both coasts.

Reyes et al. (2019) studied the impact of PCE on Caribbean Ports. They examined

how ports can adapt to the opportunities available from the expansion. Adaptive Port

Planning (APP) framework was used to assess long-term planning for Caribbean ports.

The study revealed that in the short-term Caribbean ports will experience decreases in

transshipment container volume due to direct service deploying Neo-Panamax vessels

calling to East Coast and Gulf of Mexico new ports.

All authors agree that the PCE has impacted the liner shipping and trading routes,

resulting in comparative cost savings for some vessel classification. Undoubtedly, this

shift in liner shipping routes will affect both Caribbean and US west coast ports.

The advent of mega-ships to LAC (economy of scale)

The Panama Canal is one of the main passages connecting the Pacific and Atlantic

oceans, accounting for approximately 6% of global trade (FreightWaves 2020). Accord-

ing to Panama Canal Authority (2019), in 2018, United States, China, Japan, Mexico,

and Colombia were the primary Canal users, with the United States account for 68.3%

of the total cargo transiting the canal. This expansion has opened the doors to Neo-

Panamax and Post-Panamax vessels, impacting cargo throughput volumes for intrare-

gional ports, US Gulf, and East coast ports.

Figure 1 shows that After the expansion in 2016, there was a surge in cargo tonnage

through the expanded canal, while no significant changes were observed for the num-

ber of transits (Rodrigue 2020). Several authors supported the positive effects of mega-

ships on international and regional ports.

Merk (2018) stated that doubling the maximum container ship size has reduced total

vessel cost per transported container by roughly a third over the last decade. OECD

(2015) supported his view, stating that containerization has contributed to decreased

transportation costs. On the other hand, Lim (2011) studied the economies of scale in

container shipping. The findings revealed that although huge container ships will

Fig. 1 Panama Canal Traffic and Traffic vs. Net Tonnage comparison for period 2010–2018. Source: Panama
Canal Authority (2019)
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produce economies of scale and significantly reduce the slot cost in container trade to

which ship assigned, the industry may never make an adequate return because of over

demand. Therefore, the benefits of economies of scale will diminish over time. Kapoor

(2016) studied the economics of scale for mega container vessels. The report revealed

four (4) significant findings; (1) that the economies of scale diminish for vessel sizes be-

yond 18,000 TEUs; (2) that terminals will incur significant capital expenditure to han-

dle larger vessels size and requires terminal yard to increase by third in order to avoid

congestion; (3) terminal will have to increase productivity to compile with the increase

in vessel size and (4) vessel upsizing risk the results of no significant cost benefit that

will furthermore contribute to higher supply chain risk as volumes will be concentrated

on fewer ships that will compile environmental issue of dredging deeper channels.

Overview of the authors revealed that vessels were getting larger because of the theory

of economy of scale. However, the effects of diminishing ‘scale of economic’ of mega-

ships may not be necessarily beneficial for some regional ports.

The impact of the PCE on the US ports and LAC region has been studied by several

authors such as Rodrigue and Ashar (2016), Singh et al. (2015), Bhadury (2016), and

Park et al. (2020). They strongly agreed that PCE had impacted port infrastructure im-

provement within both regions. Pham et al. (2018), Rodrigue (2020), Fan and Gu

(2019) studies agreed that PCE has influence liner shipping, trading routes, and cost

savings for LAC and US ports on both east and west coasts. Several authors, such as

Merk (2018), Lim (2011), Kapoor (2016), and Rodrigue (2020), strongly agreed that the

advent of mega-ships had impacted container throughput and cargo tonnage. On the

other hand, few authors address the causal effects of PCE on the LAC regional ports

before and after the expansion to determine its overall impact. Several methodology ap-

plications such as port choice, route planning, adaptive port planning, and Cost-base

analysis models were used to assess the effect of this expansion on global and US ports.

However, limited authors use impact evaluation methods to determine the causal im-

pact of the PCE as an intervention within the LAC. This research gap will be addressed

using impact evaluation; Difference in Difference (DID), to assess the PCE implications

for all three LAC sub-regions and transshipment ports.

Method and data
Competition among ports on the US East Coast for cargo

The PCE has influenced the development of ports within the US, especially on the East

Coast, regarding traffic patterns, infrastructural upgrades, and intermodal connectivity

(Kendrick 2020). The anticipated projection for improvement in the shipping industry

among the East Coast and the Gulf of Mexico has increased container throughput

growth (TEUs). This growth was because more container ships from Asia will directly

access East Coast markets (Morley and Ashe 2019).

Table 1 shows the container throughput for five major ports on the East and Gulf

coasts. In 2019, TEUs growth percentage, the port of New York and New Jersey (4%),

Port of Houston (11%), Port of Miami (3%), Port of Charleston (5%), and the Port of

Savannah (6%). These improvements in East Coast and Gulf of Mexico ports attract

more container traffic at the expense of ports within the Caribbean and some parts of

the Americas (Morley and Ashe 2019).
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The top 5 major ports within the region have experienced small increases in TEUs

except for the port of Balboa. The improvement of US East and Gulf ports has in-

creased competition among East Coast for cargo, impacting transshipment volumes

within the LAC region.

Table 2 shows the top five ports within the LAC region regarding the annual percent-

age growth in TEUs from 2010 to 2019. Among five other transshipment hubs, these

ports represent approximately 84.1% of cargo’s total regional movement (CEPAL 2020).

The TEU growth (%) for port of Colon (1%), Port of Santos (2%), Manzanillo (0%), Car-

tagena (2%) and Balboa (15%).

The comparison of container throughput (TEU) growth shown in Fig. 2, the percent-

age of US East and Gulf ports vs. top 5 LAC ports, shows that in 2019, the top 5 East

coast ports recorded more percentage growth than LAC ports.

The difference in difference (DID)

An impact evaluation provides evidence about the impacts that have been produced or

the impacts that are expected to be produced (Hawkins et al. 2015). The choice of

methods and designs for evaluating policies, projects, and programs, can be difficult to

Table 1 Top 5 US East and Gulf of Mexico Ports, TEU annual Percentage Growth (%)

Year Port of NY/NJ Port of Houston Port of Miami Port of Charleston Port of Savannah

2010 16% 1% 5% 16% 25%

2011 4% 3% 7% 1% 4%

2012 0% 3% 0% 10% 1%

2013 −1% 1% -1% 6% 2%

2014 6% 0% −3% 12% 10%

2915 −10% 9% 15% 10% 12%

2016 −2% 2% 2% 1% −2%

2017 7% 13% 0% 9% 11%

2018 7% 10% 6% 6% 8%

2019 4% 11% 11% 5% 6%

Source: Own Elaboration

Table 2 Top 5 LAC ports percentage growth (%) in container throughput

Year Colon, Panama Santos, Brazil Manzanillo, Mexico Cartagena, Colombia Balboa, Panama

2010 27% 20% 36% 28% 37%

2011 20% 10% 17% 17% 17%

2012 4% −1% 13% 19% 2%

2013 −5% 17% 6% −10% −4%

2014 −2% 3% 11% 13% 9%

2015 9% 2% 8% 8% −5%

2016 −9% −7% 1% −4% −9%

2017 19% 5% 10% 15% 0%

2018 11% 7% 9% 7% −16%

2019 1% 2% 0% 2% 15%

Source: Own Elaboration
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be evaluated and may come with unique challenges (Hawkins et al. 2015). White and

Sabarural (2014) stated that a quasi-experimental approach is an empirical intervention

study used to estimate an intervention’s causal impact or test causal hypotheses. The

most frequently used quasi-experiment approach is Differences in Differences (DID),

based on a combination of before - after and treatment - control group comparisons

(Fredriksson and Oliveira 2019; World Bank 2021). Several authors used the Difference

in Difference (DID) approach to assess government policies and programs’ impact and

their effectiveness.

Card and Krueger (1994) studied the impact of the increase in the minimum wage on

employment for fast-food restaurants in New Jersey, the US, and Eastern Pennsylvania

before and after the increase. The findings revealed that by using DID. There was no

indication that an increase in the minimum wage reduced employment. Qiu and He

(2017) researched the impact of the Green Traffic Policy on air quality in China. They

concluded that the pilot program was effective in reducing the annual concentration of

pollutants.

However, although the DID method is popular among various research fields, it is

not without limitations. Bertrand et al. (2003) mention that the great appeal for DID es-

timation comes from its simplicity and potential to circumvent many of the endogene-

ity problems that arise when comparing heterogeneous groups. Wing et al. (2018)

supported Bertrand et al. (2003) view, they stated that the Difference in Difference

(DID) design was not an ideal alternative for randomized experiments, but it often sig-

nifies as a viable way to learn about causal relationships. They further concluded that

multiple quasi-experimental techniques might be an essential support for the Differ-

ence in Difference (DID) approach.

Parallel trend assumption (PTA)

All the assumptions of the Ordinary Least Square Model apply equally to Difference in

Difference (DID). Many assumptions, such as Parallel Trend Assumption (PTA), ex-

changeability, and Stable Unit Treatment Value Assumption (SUTVA), must hold to

ensure the models’ internal validity (Columbia Public Health 2020; Mckenzie 2021).

Two of the most popular assumptions are Parallel Trend Assumption (PTA) and Stable

Unit Treatment Value Assumption (SUTVA).

According to Lechner (2011), SUTVA indicates that there should be no spill-over in-

fluences between the treatment and control groups, as the treatment effect would then

not be identified. The Parallel Trend Assumption (PTA) is the most critical of the

Fig. 2 The top five regional ports for both East/Gulf and LAC TEUs growth (%). Source: Own Elaboration
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above assumptions to ensure the DID Model’s internal validity and may be difficult to

execute because it requires that the difference between the treatment and control

groups be constant over time (Lechner 2011). The assumption is fundamentally untest-

able because the treatment group is only observed as treated (Fredriksson and Oliveira

2019). “One can lend support to the assumption, however, using several periods of pre-

reform data, showing that the treatment and control groups exhibit a similar pattern in

pre-reform periods” (Fredriksson and Oliveira 2019, p.523).

These studies focused on using the DID approach for assessing treatment effects on

policies and programs in the sector of education, finance, and the public sector eco-

nomic, healthcare, sales, and marketing. This research will focus on using the DID

model for the Maritime Industry to assess the PCE impact on TEUs growth among

ports in Latin America and the Caribbean regions (LAC).

Model

Albouy (2015) evaluated an intervention, program, or treatment on an effect Y over an

individual’s population. Two groups were indexed by treatment status T = 0, 1 where 0

denotes individuals who were not offered treatment, classified as the control group,

and 1 indicates the group that received treatment, classified as the treatment group

(Heckman et al. 1997). Two time periods were assumed on the observed individual,

t = 0, 1 where 0 indicates a time before the treatment; pre-treatment and 1indicates

a time after the treatment; post-treatment (Athey and Imbens 2006). All observa-

tions were indexed by i = 1 … N whereby, the individuals will have two observa-

tions each, pre-treatment and post-treatment denoted as follows: for average

sample outcome for the treatment group, Y −T
0 and Y −T

1 and the average outcome

for the control group, Y −c
0 and Y −c:

1

The outcome of Yi was modeled by Albouy (2004) and Abadie (2005) in the following

equation.

Y i ¼ αþ βTi þ γti þ δ Ti :tið Þ þ εi

Where α = constant term

β = treatment group-specific effect (accounting for average permanent differences be-

tween treatment and control)

γ = time trend common to control and treatment groups

Simple pre versus post estimator

According to Albouy (2015), “a simple Pre versus Post Estimator Consider first an esti-

mator based on comparing the average difference in the outcome Yi before and after

the treatment for the treatment group.”

δ̂1 ¼ Ŷ
T
1 −Ŷ

T
0

The expectation of the estimator is as follows.

E ~δ1
h i

¼ E Ŷ
T
1

h i
− Ŷ

T
0

h i

¼ αþ βþ γ þ δ½ �− αþ β½ �
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¼ γ þ δ

According to Albouy (2015), the estimator will be biased γ ≠ 0, which is the constant

average differences in outcomes Yi Post-treatment, between the treatment.

Simple treatment versus control estimator

Now, considering the estimator that will be established on evaluating the median out-

come Yi, post-treatment, between the treatment and control groups,

δ̂1 ¼ Ŷ
T
1 −Ŷ

C
1

The expectation of the estimator is as follows.

E ~δ1
h i

¼ E Ŷ
T
1

h i
−E Ŷ

C
1

h i

¼ αþ βþ γ þ δ½ �− αþ γ½ �
¼ βþ δ

According to Albouy (2015), the estimator is biased so long as β ≠ 0, which is the

constant average differences in outcomes Yi, post-treatment, between the treatment.

The difference in difference (DID) estimator

DID estimator is defined as the difference in the treatment group’s average outcome

before subtracting the control group’s average outcome before and after treatment

(Albouy 2015; Abadie 2005).

δ̂DD ¼ Ŷ
T
1 −Ŷ

T
0 − Ŷ

C
1 −Ŷ

C
1

� �

According to Albouy (2015), the expectation of this estimator will become unbiased.

δ̂DD ¼ E Ŷ
T
1

h i
−E Ŷ

T
0

h i
− E Ŷ

C
1

h i
−E Ŷ

C
1

h i� �

¼ αþ βþ γ þ δ− αþ βð Þ - αþ γ−γð Þ
¼ γ þ δð Þ−γÞ

¼ δ̂DD

The difference in difference (DID) model for LAC ports

The following equation below shows the DID model formulation for LAC’s TEUs

outcome.

TEUs ¼ αþ β TreatmentPort þ γ PostTreatment
þ δ TreatmentPort � Posttreatmentð Þ þ εi Outcomeð Þ

TEUs: the average container throughput for Latin America and Caribbean ports from

the period 2010 to 2019.

Treatment Port (DTrp): Treatment dummy variable T when T = 1 represents con-

tainer port throughput above 1 million TEUs. Treatment port (DTrp) includes tranship-

ments that are both global and intra-regional ports. Treatment port (DTrp) invest in

port development in hinterland expansion, dredging, and ship to shore (STS) gantry
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cranes (Neo Panamax compatibility) before the Panama Canal expansion in July 26,

2016. T = 0, represents container port throughput below 1 million TEUs. Control

Ports (CONTp) include regular ports (non-transshipment ports) that cannot ac-

commodate Neo-Panamax and Post-Panamax container vessels. Post-Treatment

(Postt) is the time variable dummy that reflects periods; ‘Before’ intervention T = 0

and ‘After’ intervention T = 1.

Table 3 further explains the descriptive classification of ports within the LAC region

that will be used to measure the impact of the Panama Canal expansion. The sample

size of 100 ports was selected from 118 LAC ports from thirty-one (31) countries.

These ports were selected based on throughput volume (TEUs) that were greater than

20,000 TEUs. Therefore, ports with less throughput volume were removed from the ob-

servation. Ports excluded from the sample were mostly Eastern Caribbean and some

Central America.

Data analysis software

STATA and R packages were used to analyze the impact of the PCE on the top 100

ports within the LAC region using the DID method.

Data sample

The data sample comprises 100 ports within the LAC region divided into three (3) sub-

regions, South America, Central America, and the Caribbean. The container through-

put (TEUs) data from these regional ports were retrieved from the CEPAL and the

World Bank. Port profiles and characteristics data were retrieved from the following

websites: Logistics Capacity Assessment, Marine Traffic, Ports.com, and regional port

websites. The LAC regional ports within the research are listed in sub-regional categor-

ies, South America, Central America, and the Caribbean, as shown in Table 4.

Table 4 shows the sample data of 100 ports within the LAC region that will give this

research conclusive results of the PCE’s impact on regional and sub-regional ports.

Table 5 shows the profile and characteristics of the top 25 ports within the region de-

tailing the infrastructure of each port; Area, Mobile Crane, S.T.S. gantry, Depth, and

the number of berths that can be used as variables that influence container throughput

volume (output) for each port (Sarriera et al. 2015; Logistics Capacity Assessments

(LCAs) 2021; Marine Traffic 2021; World Port Source 2021).

Table 3 Classification of Treatment and Control Groups (100 Ports) within LAC

Groups Code Description

Treatment Ports
(DTrp)

1 Treatment ports include transshipment ports and ports with annual throughputs
of over a million TEUs. 500,000 ≤ TEUs ≤ 5,000,000.

Control Ports
(CONTp)

0 Control ports include regular ports (non-transshipment ports) within the regions
with annual TEUs below 1 million. 20,000 ≤ TEUs ≤ 500,000.

Time Code Description

Post-Treatment
Period (Postt)

1 The period after the PCE from 2016 to 2019. Condition: 2016≤ After ≤ 2019

0 Period before the PCE from 2010 to 2016
Condition: 2010≤ Before≤ 2016 a

a the completion date for the expansion was July 26, 2016. Source: Own Elaboration
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Quality of port infrastructure in the LAC region

Quality of Port Infrastructure (QPI) evaluates business executives’ view of a country’s

port facilities (World Economic Forum 2018). Improving port infrastructure quality

contributes to higher logistics performance, seaborne trade, and higher economic

Table 4 LAC Ports and Rankings 2020

Rank Port (County, Region) Rank Port Rank Port

1 Colon, Panama, CA 36 Lirquen, Chile, SA 71 Imbituba, Brazil, SA

2 Santos, Brazil, SA 37 Salvador, Brazil, SA 72 Georgetown, Guyana, SA

3 Manzanillo, Mexico, CA 38 Mariel, Cuba, C 73 Purto Chipas, Mexico, CA

4 Cartegena, Colombia, SA 39 Caldera, Chile, SA 74 Mazataland, Mexico, CA

5 Balboa, Panama, CA 40 Paita, Peru, SA 75 Natal, Brazil, SA

6 Callao, Peru, 41 Iquique, Chile 76 Puerto Plata, DR. C

7 Guayaquill, Ecuador, SA 42 Port of Spain, TT, C 77 Rosano, Argentina, SA

8 San Antonio, Chile, SA 43 Fort de France,Martinque, C 78 Tuxpan, Mexico, CA

9 Kingston, Jamaica, C. 44 Itaguai, Brazil 79 Castries, St Lucia, C

10 San Juan, Puerto Rico, C. 45 Acujutla, El Salvador, CA 80 Georgetown, Cayman, C

11 Buenos Aires, Argentina 46 Vitoria, Brazil, SA 81 San Lorenzo, Honduras, CA

12 Freeport, Bahamas 47 Arica, Chile, SA 82 Austral, Chile, SA

13 Lazaro C. Mexico, CA 48 Jarry/Point-a-Pier, Guate. CA 83 Llo, Peru, SA

14 Caucedo, Dominican R., C 49 Point Lisas, T&T, C 84 Bahia Blanca, Argentina, SA

15 Tapai, Brazil 50 Corinto, Nicargo, CA 85 San Antonio Est ARG, SA

16 Limon Moin, Costa Rico, CA 51 Nassau, Bahamas, C 86 Guaymas, Mexico, CA

17 Veracrus, Mexico, CA 52 Puerto Bolivar, Ecuador, SA 87 Belize City, Belize

18 Bueraventura, Colombia, SA 53 Progreso, Mexico, CA 88 San Andres, Colombia, SA

19 Valpraiso, Mexico, CA 54 Barranquilla, Colombia, SA 89 Esmeraldas, Ecuador, SA

20 Altamira, Mexico, CA 55 Zarate, Argentina, SA 90 Deseado, Argentina, SA

21 Parangua, Brazil,SA 56 Vila do Conde, Brazil, SA 91 Madryn, Argentina, SA

22 Rio Grande, Brazil, SA 57 Santa Marta, Colombia, SA 92 CPCP, St Vincent, C

23 Montevideo, Uruguay 58 Puerto Castilla, Hondura, CA 93 Coatzacoalcos, Mexico, CA

24 San Francisco, Brazil 59 Nieuwe Haven, Surinam, SA 94 Matarani, Peru, SA

25 Puerto Cortes, Honduras, CA 60 Philipsburg, St. Maarten, C 95 Matarani-TISUR, Peru, SA

26 Coronel, Chile 61 Coronel, Chile, SA 96 Big Creek, Belize, CA

27 Santos Tomas, Guatemala, CA 62 La Guaira, Venezuela, SA 97 Manzanillo, DR, C.

28 Haina, Dominica R. C. 63 Antofagasta, Chile, SA 98 Porto Velbo, Brazil, SA

29 Peurto Quetzai, Guatemala,
CA

64 Willemstad, Curacao, C 99 General San Martin, Peru,
SA

30 Swape Brazil, SA 65 Almirante, Panama, CA 100 Pisco, Peru

31 Puerto, Baitrios, Guatemala,
CA

66 Turbo, Colombia

32 Pecem, Brazil 67 Oranjestad, Aruba

33 Rio de Janerio, Brazil, SA 68 Santos Domingo,

34 Talcahuano, Chile, SA 69 Puerto Chiapas, Venezuela,
SA

35 Ensenada, Mexico, CA 70 Degrad des Cannes, FG, SA

100 LAC ports listed, SA South America, CA Central America and C Caribbean regions Source: Own elaboration; Referred
to CEPAL (2020)
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growth (Munim et al. 2018). Quality of port infrastructure, WEF (1 = extremely under-

developed to 7 = well developed and efficient by international standards).

As shown in Fig. 3, the Quality of Port infrastructure in the LAC region has improved

from 3.6 in 2007 to 3.96 in 2017. The highest score was recorded at 4.1 in 2010, then

gradually declined through 2011 to 2015, then rebounded in 2016 to 3.96, which was

the year that PCE was completed.

Table 5 Characteristics of 25 LAC Ports
Rank Port Growth (%)

2010–2019
Ave TEUs
(2010–2019)

Area (m2) Mobile
Crane with
Capacity > 4 t
(Units)

STS Gantry
Cranes (Units)

Depth(m) Berth

1 Colon, Panama, CA 56% 3,577,481 384,000 33 8 16.5 4

2 Santos, Brazil, SA 44% 3,404,192 597,000 46 13 16 6.5

3 Manzanillo, Mexico, CA 103% 2,383,731 437,000 8 9 16.5 13

4 Cartegena, Colombia, SA 86% 2,309,143 225,000 2 28 21 8

5 Balboa, Panama, CA 5% 3,064,109 300,000 8 17 16.5 13

6 Callao, Peru, 72% 1,948,871 441,080 6 3 16 4

7 Guayaquill, Ecuador, SA 73% 1,651,670 228,273 3 6 10.5 4

8 San Antonio, Chile, SA 96% 1,228,410 495,000 6 13 15 9

9 Kingston, Jamaica, C. −13% 1,710,747 1,037,671 3 19 15.5 11

10 San Juan, Puerto Rico, C. −1% 1,361,987 287,273 0 6 17 46

11 Buenos Aires, Argentina −14% 1,598,995 2,200,000 10 13 10.7 5

12 Freeport, Bahamas 24% 1,226,886 320,125 0 13 16 3

13 Lazaro C. Mexico, CA 41% 1,099,694 1,850,000 3 2 14 11

14 Caucedo, Dominican R., C −34% 1,048,944 800,000 2 6 15.2 15

15 Itapai, Brazil 212% 579,320 180,000 3 2 14 11

16 Limon Moin, Costa Rico, CA −56% 1,090,248 677,276 0 6 10.2 6

17 Veracrus, Mexico, CA 33% 924,736 402,909 1 5 14 3

18 Bueraventura, Colombia, SA 0% 927,158 68,500 3 8 15 14

19 Valpraiso, Mexico, CA −25% 937,775 280,710 5 3 14 3

20 Altamira, Mexico, CA 80% 664,444 396,570 1 4 12 3

21 Parangua, Brazil,SA −11% 735,064 4,129,000 10 6 12.5 24

22 Rio Grande, Brazil, SA −16% 691,709 536,023 8 3 16.5 2

23 Montevideo, Uruguay −4% 807,434 12,000 7 8 14 11

24 San Francisco, Brazil 493% 315,620 247,947 17 6 16 13

25 Puerto Cortes, Honduras, CA −79% 603,491 75,000 5 1 12.5 3

Source: Own Elaboration

Fig. 3 Quality of Port Infrastructure (QPI) scores for LAC. The QPI score for the LAC region from the periods
2007 to 2018. Source: World Economic Forum 2018
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Foreign direct investment (FDI)

FDI is a key component in international economic amalgamation (OECD 2020). It is

also a major investment funding source; therefore, developing countries offer incentives

to encourage FDI (United Nations 2005). FDI has a positive effect on trade because

companies expand their production operations for larger capital and borrow from

international markets, thus benefiting from economies of scale, leading to an increase

in trade for the host country (OECD 2020). FDI investment within the LAC region has

increased since the inception of the expansion. For example, Panama’s FDI growth has

increased since the canal expansion (Lloyd 2017). Figure 4 shows the FDI (US$) invest-

ment in LAC for the period 2010 to 2019 that 2013 was the highest recorded FDI,

3.812 Billion declined to 2.589 Billion in 2019. During the period 2017 to 2019, there

was a gradual increase from 2.226 Billion (US$) to 2.589 Billion (US$), representing a

16% FDI growth in the region.

Trade freedom (TRFR)

TRFR is a composite measure of the absence of tariff and non-tariff barriers that affect

the trade of goods and services. Trade freedom (TRFR) is based on the inputs: Trade-

weight, average, and Non-tariff barriers (Index of Economic Freedom (IEF). 2020). The

growth in trade freedom was declined from 74.8 in 2007 to 74.6 in 2014, then rebound

to 74.7 in 2018, as shown in Fig. 5. It is showing that there were improvements in

Trade Freedom (TRFR) within the region.

Port liner shipping connectivity index (PLSCI) in LAC and Transhipment ports

PLSCI assesses how well a country links to the global shipping networks (UNCTAD

2021). The LSCI is measured by five components of the maritime transport sector:

number of ships, container-carrying capacity, maximum vessel size, number of services,

and companies that deploy container ships in a country’s ports (World Economic

Forum 2018). Port infrastructure and PLSCI impacts freight rates in the LAC region

(Wilmsmeier et al. 2006). The port liner connectivity is an important factor determin-

ing trade activity in the maritime industry for regional ports within LAC and US East

and Gulf coast. The PCE has largely impacted LSCI. The growth of the LSCI is shown

in Fig. 6 that reveals the average Liner shipping Connective Index (LSCI) for ports

within the LAC region.

The average Port Liner Shipping Index (PLSCI) for the three (3) regions showed con-

sistent growth in South America, Central America, and the Caribbean. As shown in

Fig. 6, for South America (SA), the PLSCI score increases from 8.50 to 12.40, Central

Fig. 4 FDI (Billion US$) trend in the LAC region. Source: World Bank 2021
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America (CA) score increases from 8.63 to 13.82, and the Caribbean score from 8.63 to

12.41. In 2019, the top three transshipment ports within the region located in Central

America; Colon; Panama (33.2), Balboa; Panama (35.2), and Manzanillo; Mexico (37.8).

Regional transshipment within the LAC such as Colon; Panama; Balboa; Panama; Car-

tagena; Colombia, Santos; South America, Kingston; Jamaica, Freeport; Bahamas,

Buenaventura; Colombia, Caucedo; Dominican Republic, San Juan; Puerto Rico and

San Antonio; Chile; PLCI scores were way above the average regional PLSCI scores.

Results
The results on the impact of the Panama Canal expansion (PCE) on LAC regional ports

were conducted using the traditional Difference in Difference (DID) equation – i.e.,

exactly the specification described.

TEUs ¼ αþ β TreatmentPortþ γ PostTreatment
þ δ TreatmentPort � Posttreatmentð Þ þ εi

Where intercept (α), TreatmentPort(β), PostTreatment (γ), and Diff-in-Diff (δ) were

all statistically significant at 1%, 5%, and 10% levels as shown in Table 6. The regression

results for transshipment, Caribbean, Central America, and South America ports, r

values were 0.41, 0.87, 0.83, and 0.31. Table 7, statistical description of three (3) sub-

regional and transshipment hubs of 100 ports from the period 2010 to 2019; the

coefficient β for the treatment (DTrp) and Control (CONTp) ports, were all statistical

significance at 1% level.

For transshipment hub ports, the estimated coefficient δ = 0.077 (statistically signifi-

cant at the 10% level) and indicates that the average container port throughput (TEU)

Fig. 5 LAC region Trade Freedom (TRFR) from 2007 to 2018. Source: World Bank 2021

Fig. 6 Port Liner Shipping Connectivity Index (PLCI). Index (Maximum Q1 2006 = 100). Source:
UNCTAD (2021)
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of the DTrp increased by 20% (170,000 TEUs) more than that of non-transshipment

ports within the LAC region since the PCE. For the Caribbean region, the estimated co-

efficient δ = 0.026 (statistically significant at the 5% level) and indicates that the average

container throughput (TEU) for Treatment Ports (DTrp) decreased by 8% (140,000

TEUs) less than control ports (CONTp). For the Central American region, the esti-

mated coefficient δ = 0.087 (statistically significant at the 10% level) and an average

Table 6 Statistical Descriptive

Variables Obs Mean Std Dev Min Max

Transshipment Ports 870 527,308.2 765,959.2 2 4,379,477

Obs Obs

Before After

Control (CONTp) 390 260

Treated (DTrp) 132 88

Central America Ports 220 716,259.2 1,003,011 2 4,379,477

Before After

Control (CONTp) 390 260

Treated (DTrp) 132 88

Caribbean Ports 210 359,611.8 502,276.6 6214 1,891,770

Before After

Control (CONTp) 102 65

Treated (DTrp) 24 19

South America Ports 280 758,567.4 792,303 59,583 3,904,566

Before After

Control (CONTp) 78 52

Treated (DTrp) 90 60

Source: Own Elaboration

Table 7 Differences in Differences (DID) Regressions (2010 to 2019)

Variable Transshipment Caribbean C Central America (CA) South America (SA)

Before After Before After Before After Before After

Control 23,000 270,000 130,000 120,000 320,000 410,000 270,000 260,000

Treated 1,300,000 1,500,000 1,300,000 1,200,000 2,900,000 3,200,000 1,100,000 130,000

Diff (T-C) 1,000,000 1,200,000 1,200,000 1,100,000 2,500,000 2,800,000 820,000 1,100,000

S.Err. 60,000 73,000 41,000 48,000 100,000 130,000 99,000 120,000

t 17.59 16.64 29.41 22.6 24.4 22.15 9.07 8.1

p-value 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001

Diff-in Diff (DID) 170,000 −140,000 280,000 260,000

t 1.77 2.25 1.72 1.81

p-value 0.077* 0.026** 0.087* 0.095*

S.Err. 94,000 63,000 160,000 260,000

R 0.41 0.87 0.83 0.35

Note: the DID regression models for the dependent variable Y (TEUs) is average container port throughput for the four
(4) variables transshipment, Caribbean, Central, and South America. The Post-treatment period (After PCE) is equal to 1,
2016, 2017, 2018, 2019. Pre-Treatment period (Before PCE) is equal to 0 in 2010, 2011, 2012, 2013, 2014, 2015. The
treated port and Controlled port results were used to determine the Diff (T-C) for each “Before and After” period for
transshipment and the three (3) regional ports. The symbols *, **, and *** indicate statistical significance at the 10%, 5%,
and 1% levels. Source: Own Elaboration

Miller and Hyodo Journal of Shipping and Trade             (2021) 6:8 Page 16 of 23



container throughput (TEU) increase of 12% (280,000 TEUs) than control ports

(CONTp) since the PCE. For ports in the South American region, δ = 0.095 (statistically

significant at the 10% level) and indicates 34.4% (260,000 TEUs) than control ports

(CONTp) since the PCE.

Parallel trend assumption test

The Parallel Trend Assumption (PTA) was used to test the model’s validity to ensure no

biased estimation of causal effects (Fredriksson and Oliveira 2019). A validity check com-

pares changes to the treatment and comparison group’s changes before and after the pro-

gram (Columbia Public Health 2020; Mckenzie 2021). Table 5 was used to classify the

LAC ports into treatment (DTrp) and control (CONTp) groups from 2010 to 2019. Pre-

treatment period “Before” and “After” the PCE. Fig. 7 shows that in 2016, there were in-

creases in container port throughput (TEUs) from 2017 to 2019 for the total summation

of Treatment Ports (DTrp), while for the Control Ports (CONTp) constant trend was seen

during those periods. Therefore, the parallel trend assumption holds for the Treated Ports

(DTrp) and Control Ports (CONTp) because the Container throughput moves in tandem

with each other until 2016, rapid growth container throughput (TEUs) was observed from

that period to 2019 for the treated ports (DTrp).

Discussion
The DID Model results revealed that PCE (Intervention) positively impacted container

port throughput (TEUs) within the LAC region. All estimated coefficients δ in the

model were statistically significant at 1%, 5%, and 10%. The findings from the model re-

vealed that the average container port throughput for Treated ports (DTrp) was more

than that of Controlled ports (CONTp) for Transhipment hub, Central America, and

South America having 20%, 12%, and 34% growth since the canal expansion, except for

the Caribbean ports (DTrp) that experienced losses of 8%. These DID results were ex-

pected and supported by several authors and data resources such as Rodrigue and

Fig. 7 Note: For the period 2010–2015, classified as the era “before” and “after” PCE. The DTrp showed that
after the completion, TEUs volumes increased. This visual inspection satisfies the Parallel Trend Assumption
(PTA); Source: Own Elaboration
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Ashar (2016), CEPAL (2020), World Bank (2021), UNCTAD (2014), Martinez et al.

(2016), and Singh et al. (2015). For the positive impact of PCE (Intervention), Martinez

et al. 2016, studies revealed that the PCE would generate significant transit time saving

and shifting container traffic from West Coast to East Coast ports. Rodrigue and Ashar

(2016) forecast increases in both transshipment activity and container throughput

through the PCE. However, the Caribbean Treatment (DTrp) ports have experienced

decreases in container port throughput based on the DID model’s findings. This decline

may be largely influenced by port infrastructural development and improvement of the

US East and Gulf coast, increasing competition among US ports and regional ports

(Van Hassel et al. 2020; Martinez et al. 2016). Ports that lack or delayed port

modernization investments will experience losses in container throughput (TEUs) and

changes in liner shipping routes (Talley 2006; Sarriera et al. 2015; Kendrick 2020). The

DID results revealed that major Caribbean ports (DTrp) such as Kingston, Freeport,

San Juan, and Caucedo had experienced losses in container throughput (TEUs) since

the PCE. Reyes et al. (2019) and Park et al. (2020) supported this finding; Reyes et al.

(2019) revealed that the short-term impact of Caribbean ports would decrease trans-

shipment volume because port modernization investment among US ports will impact

liner shipping routes.

The Canal expansion has reshaped US and LAC ports’ economic and environmental

geography beyond this research scope. However, other factors were considered, such as

Quality of Port Infrastructure (QPI), Foreign Direct Investment (FDI), and Trade Free-

dom (TRFR) (Bhadury 2016; Prozzi and Overmyer 2018; Ashley and Dettoni 2016;

United Nations 2005; Carral et al. 2018). These data were not included in the model

but were considered supporting graphs to justify the expansion’s pre- and post-era im-

pact. Fig. 3 shows that the overall QPI scores have improved from 3.6 to 3.96. Fig. 4

shows FDI rebounded in 2017 from US$2.22 Billion to US$2.59 Billion in 2019. Fig. 5

reveals that TRFR improved from 74.6 in 2014 to 74.74 in 2018; simultaneously, it may

be said that these variables may have influenced container port throughput (TEUs)

growth. However, The PCE had impacted liner shipping routes, cargo tonnage growth,

and port investment within LAC and US East and Gulf ports that resulted in water

channel investments and improvement of policies to foster economic growth in antici-

pation of the PCE (Prozzi and Overmyer 2018; Bhadury 2016; Carral et al. 2018;

Sarriera et al. 2015; Kendrick 2020; Rodrigue 2020).

The dynamics of trade globalization, development of transport technology, applica-

tion of cargo-handling technology, and cargo unitisation are keen attributes that will

determine regional ports’ competitiveness (ICS 2020; Park et al. 2020; Nicholson and

Boxill 2017). The Caribbean region (DTrp) ports’ finding was unexpected because of

the Transshipment history and strategic location of these ports being a part of the

“Transshipment triangle” of the LAC region (Notteboom et al. 2021). These results also

revealed that Mega-ships’ introduction to the Caribbean region does not necessarily

benefit transshipment ports due to the following: the inability to accommodate Neo-

Panamax, lack of proactiveness to global changes, poor port infrastructure, and compe-

tition from regional ports, especially the US and Gulf Coast port (Merk 2018; Kapoor

2016; Bhadury 2016; Park et al. 2020).

The twenty-first century shows that radical changes in the maritime trade will impact

port operations’ dynamics and their capability to compete for container traffic. Impact
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evaluation such as DID enables ports to assess an intervention’s impact and efficiently

make adjustments in trade policy reforms, port infrastructure, and most importantly,

prepare them to be more resilient towards sustainable developments for the present

and future dynamism in global trade.

Limitations

The sample size was taken from ECLAC and World Bank from 31 countries and 118

ports and port zones from 2010 to 2019. The nine (9) timestamps may not fully justify

the Parallel trend Assumption (PTA) of the DID model. However, the container

throughput (TEUs) of 100 LAC ports gives a clearer perspective on the PCE’s causal ef-

fect. Some regional ports, mostly Caribbean ports, were excluded from the model be-

cause of limited and missing data. Each of the 100 regional ports’ profile and

characteristics were difficult to obtain because of limited data. However, Digital Logis-

tics Assessment, Marine Traffic database, and World Port Source (WPS) websites

helped retrieve data such as the number of terminals, berth length, port area, number

of gantries, and draught for major ports within the region but were limited for small

ports. The classification of 100 ports in the category of treated (DTrp) and Control

(CONTp) ports was classified according to CEPAL and UNCTAD container through-

put data. Port ratings were divided into transshipment hubs and ports that improved

infrastructural development for mega-ships; therefore, some deep-water ports (mainly

Pacific coast) accommodated post-Panamax before PCE were not classified as treat-

ment (DTrp) ports.

Limited research articles were published on DID application within the Maritime

field. The main limitation to this technique is the non-verifiability of its assumptions

(Schiozer et al. 2020). This model’s application to assess causal effects of endogenous

and exogenous variables associated with the maritime industry may be proven challen-

ging and may require additional methods to evaluate an intervention’s impact. The

maritime industry’s volatility triggered by exogenous factors such as oil prices, freight

rates, natural and economic disasters, wars, etcetera., can create limitations to the DID

applications. The parallel trend assumption (PTA), although one of the most popular

used methods for determining the DID model’s internal validity, as shown in Fig. 7,

was the method used to validate the model in this research. However, Kahn-Lang and

Lang (2018) believe that the PTA is insufficient to establish the DID’s validity. There-

fore, other procedures such as the Robustness test and reformulating the model to

allow non-parallel pre-period trends can be applied to test the model’s validity (Bilinski

and Hatfield 2018; Rambachan and Roth 2019).

Economic and environmental variables such as Gross Domestic Product (GDP), Dir-

ect Foreign Investment (FDI), maritime pollution, Carbon and Green gas emission from

Neo-Panama and Post-Panama vessels were not covered within the scope of this re-

search. Excluding these variables may limit the full justification of the PCE to the re-

gion from an economic and environmental perspective.

Conclusion
This study examined the impact of PCE on 100 ports within the LAC region from 2010

to 2019. The DID model was used to assess the causal effect of the PCE on container
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throughput (TEUs) among ports within the LAC region which includes the three (3)

subregions and major transshipment ports. This method was significant for analyzing

the Pre and Post PCE era’s impact on regional ports since the advent of Neo-Panamax

and Post-Panamax vessels (Mega-ships) transiting the PCE in 2016. The DID model’s

finding revealed that PCE has positively impacted container throughput volumes

among LAC regional ports except for the Caribbean regional transshipment ports

(DTrp) that experienced TEUs’ losses since the PCE (Intervention). The findings were

important in evaluating the PCE’s causal effect on container throughput volume among

LAC ports and determining endogenous factors that may affect regional port

competitiveness.

Despite its limitations, the DID model is an alternative approach in impact evaluation

that can be used to assess the effectiveness of governmental policies, environmental

policies, and socio-economic programs (Hawkins et al. 2015). The DID model can also

be used as a guide for policymakers to improve or adjust an intervention’s outcome for

regional ports. Limited studies were conducted on the DID approach in the maritime

sector; therefore, it is recommended that future studies use the DID approach with

other variables such as GDP, DFI, and environmental policies (MARPOL Annex VI), to

determine the holistic impact of the PCE on the ports within the LAC region.

In general, the maritime sector is volatile and sensitive to the dynamic changes within

global trade. Therefore ports that are proactive in assessing the effectiveness of a policy

or intervention will have a competitive edge in adjusting or improving endogenous fac-

tors (e.g., policies, infrastructure, and trade) to remain sustainable in the maritime

industry.
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