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Abstract The Panama Canal’s expansion, doubling capacity with larger lock systems has attracted attention from
logistics business to academia due to its impending initiation date. Also, the Port of Prince Rupert anticipates increased vessel
calls from Asian countries with their increased capacity, especially to the Midwest and South Regions of the U.S. In this
paper, optimization analysis and assignments on the U.S. highway and rail networks are conducted with consideration of
these two capacity expansions. Each project is examined with a focus on container flow and the impact on the rail and truck
infrastructure. Differences are visualized by comparing the simulated estimates of each project at different times. Increased
and decreased flows are visualized, and all simulations showed meaningful results. The Panama Canal’s expansion shifted
flows from the West Coast ports to the Gulf and East Coast ports, and the Prince Rupert shifted more flows to the West Coast

ports from the Gulf and East Coast ports.
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1. Introduction

Container shipments into the U.S. have been increased.
Even though sharply declined trade volumes had
experienced after the recent economic recession, overall
container shipments into the U.S. after 2009 has been
caught up with the trade volumes before the recession (1).
Recently, it is reported that almost 60% of total imported
container weights to the U.S. were exported from six Asian
trading partner countries which include China, Japan, Korea,
Singapore, Taiwan, and Hong Kong, and 13 U.S. and one
Canadian ports received 97% of the total import container
cargos from these six countries in 2011 (2). Among the 14
ports, six ports on the Pacific Coast handled 71% of the
containers from six Asian countries and other eight ports on
the Gulf and East Coast handled 29%.

Ocean shipments, especially container shipments
proceeding to the Gulf and East Coasts from the Asian
countries, have to overcome the geographical issue of
passing the Panama Canal. The passage requires additional
shipping cost and capacity constraints. The Panama Canal
has expanded its facilities and scheduled its new service
initiation from 2014 to increase the economies of scale and
its capacity (3). Once the canal’s capacity is doubled, larger
vessels and more cargos can travel through the Panama
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Canal, and it is believed that container cargo distribution
into U.S. ports on the Gulf and East Coasts will be affected
positively. In addition to this, increased container cargo
flows have been observed at the Port of Prince Rupert in
Canada (4). This Canadian port utilized the shorter ocean
shipping time and lower cost than the ones at the U.S. ports
on the Pacific Coast and the rail connections from the port
to the U.S. regions directly. By 2020, this port will increase
its capacity by 2.5 times than the current and it is expected
to receive more vessel calls from Asian trading partners
connecting to the U.S. Midwest regions.

With the expectation that global trade will continue to
increase and the expansions at the Panama Canal Port of
Prince Rupert, it is important to estimate the import
distribution of container shipments into the U.S. and the
infrastructure impacted as the containers travel to final
destination to maximize the performance of existing and
future investments for infrastructure planning. Therefore, in
this paper, import distributions of container shipments from
the selected Asian partner countries to the U.S. Regions
considering capacity expansions of the Panama Canal and
the Port of Prince Rupert will be examined under various
conditions and the infrastructure impacts will be examined.

2. Literature Review

In addition to the references discussed in the previous
introduction, The Tioga Group, Inc. (5, 6) and Wilson and
Benson (7) also analyzed port capacity and global trade in
terms of containerized shipments.
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For the analysis of route selection and optimization, active
research and results have been discussed recently. Leachman
(8) concluded that the container vessels calling on the West
Coast ports are very sensitive to congestion and willing to
change the destination port to less congested location.
However, once congestion is relieved with infrastructure
improvements and lead time is secured, San Pedro Bay is
expected to remain its vessel calls from Asia. Levine et al. (9)
estimated origin-destination matrix of US import container
freight with a linear program using a gravity model based on
Transportation Analysis Zones (TAZ) which unit zone is
larger than Bureau of Economic Analysis (BEA) unit area.
Shintani et al. (10) used a genetic algorithm-based heuristic
to solve the Knapsack problem in terms of calling sequences
at ports. Lei Fan et al. (11) constructed an optimization
model considering vessel size, container shipper route, port,
and shipping corridor, and concluded that Prince Rupert is a
competitive alternative route for shipments to the Midwest
Region while the Panama Canal’s expansion were identified
with little impact of container flow. Jula and Leachman (12)
estimated the effects of container fees at the San Pedro Bay
ports with Analytical model for Long- and Short-run supply
chain model. They also introduced a queuing model to
estimate container flow time considering volume,
infrastructure, staffing level, and operating schedule
focusing on Asian shipments coming into the U.S. rail
intermodal terminals through the West Coast ports. (13)
Wilson et al. (14) evaluated congestion with delay cost
functions with a spatial optimization model for grain
shipments on the Mississippi River. Lei Fan et al. (15)
developed intermodal flow network model to analyze
logistic system congestion since most ports observed
congestion and capacity expansion is assumed to reduce
congestion cost and waiting time. Most recently, Steven and
Corsi (16) analyzed port attractiveness for containerized
shipments from individual shipment data, port characteristics,
and actual freight charges and concluded that larger shippers
are more interested in factors affecting delivery speed than
charges.

However, few studies have analyzed import container
freight with optimal route and attributes affecting route
choices to the Midwest Region. Since this paper is proposed
to analyze import container flow with capacity expansions,
optimal container route choice model will be developed
before each capacity expansion is discussed and compared
at the same time.

3. Methodology

Maritime and surface transportation modes are mainly
considered with cost associated with moving goods from
origin to destination. The objective function used in this
research determines container flow with the minimum transit
cost at selected U.S. ports to ultimate destination.
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3.1. Import Container Distribution Network

The networks of the import distribution are connections of
Asian countries, the U.S. ports and the U.S. states. Based on
the current container cargo flow between the Asian countries
and the U.S. states, ocean, rail, and truck costs are considered
for all possible origin-destination (OD) pair routes and
optimized the total shipping cost to be the minimum
according to assigned container cargo volume on each route
with constraints.

3.2. Mathematic Formulation and Constraints

The purpose of this model is to distribute container freight
flow using the least costly route to reach the final destination,
subject to a series of constraints. Objective function and
constraints for the non-linear optimization procedure are
discussed as below.

Below is the objective function maximizing auxiliary
variable A;, which is described in Constraint (1). This
auxiliary variable compromises the overall satisfactory level
between upper and lower bound at jth objective. There are
two reasons why the port location is subjected to optimize
the flow network: the first one is that the purpose of this
project is to estimate the container freight distribution from
Asian countries and the U.S. states through the ports and the
second is that the forecasted origin-destination matrix can be
estimated based on the global trade trend. Also, it assures the
satisfactory level residing between the limits.

(Objective Function)
max Z A
j=1
(Constraint 1)

_ (Upper; — totalCost;)

)

J (Upper; — Lower;) 4 <1 @

Constraint (2) estimates total cost, based on export amount
from each origin (export;) and proportions (x;;,yjx), at jth
port (totalCost;) including costs between ith origin and jth
port (oceanCost;;) and costs between jth port and kth state
(inlandCost;). Constraint (3) specifies that the distributed
amount from an origin country to a port should not exceed
capacity of a port (capacity;). Constraint (4) is a conditional
statement for containers using the Panama Canal to be less
than the Canal’s capacity (PanamaCanalCap).

(Constraint 2)

totalCost; = Z export; X x; X oceanCost;;

i
+ ZZ export; X x; X y; X inlandCosty,  (3)
k1
(Constraint 3)

Z export; X x;; < capacity, 4

i
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(Constraint 4)

ZZ export; X x; < PanamaCanalCap (5)
j>5 i
Constraint (5) matches the container flow amount to be the
same between origin Asian countries (att,) and destination
U.S. states. Lastly, Constraints (6) ensures the total of
distribution probabilities becomes one between origin
countries and ports and between ports and states
respectively.

(Constraint 5)
att, = Z Z export; X x;; X Y (6)
Jod

(Constraint6)
Dxy=10, Yy =10
i k

4

Q)

3.3. Data

Various datasets are required to estimate optimal container
freight distribution from Asia trading partners to the U.S.
states. In this part, the variables considered for the model will
be discussed including container flows from Asia countries
to the U.S. states, capacity of ports and the canal, and ocean,
rail, and truck transit costs for OD matrix.

3.4. Container Flow from Origins to Destinations

Among the six primary Asian trading partner countries
with the U.S. listed in US DOT report (1), the five countries
are selected: China, Japan, Korea, Taiwan, and Hong Kong.
From the original list, Singapore is excluded and two more
countries of Mongolia and Macao are additionally included.
Since, selected seven countries are categorized as ‘East
Asian’ group by the United Nations which is referred as one
foreign origin region in the Freight Analysis Framework
(FAF) dataset.

The most recent data for these countries was retrieved
from the World Institute for Strategic Economic Research
Trade (WISERTrade) database which provides extensive
worldwide trade data including the amounts of U.S. import
and export by individual port (17). The selection criterion is
the containerized cargo weights during 2012 and it is listed in
Table 1.

By matching the list of countries of WISERTrade with
FAF dataset, it is possible to analyze modal split since FAF
provides the mode choice record. When the mode choice
probabilities from FAF data are multiplied by the total
container flow between a port and a state, container freight
distribution by mode can be estimated. Even though the
mode choice probabilities from FAF dataset are not based on
actual container movement but based on the Commodity
Flow Survey (CFS) results, this is believed as appropriate
public resource for freight mode choice up to date with
considerations of freight movement trend and its forecast as
recommended by the Bureau of Transportation Statistics
(18).
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Table 1. Imported Container Amount from Seven Asian Trading Partners
Descrintion ANNUAL ANNUAL ANNUAL
P 2010 2011 2012
TOTAL
ALL
129,436.15 136,680.35 | 143,510.94
PARTNER
COUNTRIES
TOTAL
SEVEN
60,340.20 61,511.82 63,371.95
ASIAN
PARTNERS
China/Mongolia 47,922.02 48,494.10 48,933.49
Japan 4,355.06 4,675.29 5,339.20
South Korea 4,134.21 4,485.87 5,346.64
Taiwan 3,380.39 3,341.45 3,483.11
Hong Kong/Macao 296.67 268.41 269.51

* Retrieved from WISERTrade database

* Unit: Thousand Tons of Container (Metric)

Table 2. Commodity Flow from Seven Asian Countries to the U.S.
Regions
Con_lw_ypc;dlty Northeast Midwest South West
Aniﬁ’;'lr';argj‘ucts 2.25% 0.34% 0.85% 0.85%
\;?gghacbtlse 1.86% 0.84% 0.64% 1.55%
Foodstuffs 5.92% 1.33% 1.34% 3.18%
Mineral Products |  2.93% 1.17% 7.96% 3.61%
Aﬁ;ﬁ”}:ﬁdztﬁes 6.47% 7.32% 6.97% 3.95%
Plastics/Rubbers | 8.77% 8.38% 7.11% 7.69%
Raw Hides,
Skins, Leather, & | 2.00% 1.24% 0.97% 1.76%
Furs
Wopofoj‘u\gsc"’d 6.08% 4.92% 6.84% 6.79%
Textiles 10.40% 4.40% 4.55% 7.51%
Z"e‘;t(‘j";eezrr/ 3.78% 3.13% 1.94% 3.83%
Stone/Glass 6.29% 6.54% 9.66% 8.79%
Metals 1273% | 1378% | 1327% | 9.84%
'V;I‘g;'r”l‘z?l’/ 11.24% | 2173% | 1821% | 17.73%
Transportation 2.88% 6.73% 3.17% 5.17%
Miscellaneous 16.29% 17.94% 16.39% 17.56%
Service 0.11% 0.19% 0.14% 0.21%
Total 100.0% | 100.0% | 100.0% | 100.0%

* Regions are followed by the Census Bureau Regions. Northeast contains
Connecticut, Maine, Massachusetts, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, and Vermont; Midwest contains Illinois, Indiana,
Michigan, Ohio, Wisconsin, lowa, Kansas, Minnesota, Missouri, Nebraska, and
North/South Dakota; Alabama, Arkansas, South contains Delaware, District of
Columbia, Florida, Georgia, Kentucky, Louisiana, Maryland, Mississippi,
North/South Carolina, Oklahoma, Tennessee, Texas, Virginia, and West Virginia;
West contains Arizona, Colorado, California, Idaho, Montana, Nevada, New
Mexico, Oregon, Utah, Washington, and Wyoming.
* Portions are based on the weight in kilograms.
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All U.S. states are considered as destinations in this
research, since the data of container volume flow from the
Asian countries to each state in the U.S. is available from
WISERTrade and FAF database. States of Alaska and
Hawaii are excluded since container flow to these states is
assumed to be less affective from the capacity expansions at
the Panama Canal and the Port of Prince Rupert.

From the seven Asian countries to the U.S. Regions,
import containerized freights portions are listed by its
commodity types to identify if different pattern exist by
Regions, as shown in Table 2. The dataset is retrieved from
the WISERTrade, and percentages are calculated from the
total sum between 2010 and 2012. Commaodity types are
recorded by 2-Digit HS (Harmonized System) codes and
grouped by similar attributes for convenience purposes since
99 types categorize the code.

3.5. Capacity of the U.S. and Canadian Ports

Table 3. U.S. Ports Import Amount of Containerized Shipment

Rank Description Annual 2012 Ratio (%)

TOTAL ALL PORTS 143,510.93 100.00%

TOTAL SELECTED PORTS 114,715.23 79.93%

1 Los Angeles, CA 34,291.99 23.90%
2 Newark, N.J. 21,800.99 15.19%
3 Houston, TX 8,790.36 6.13%
4 Savannah, GA 8,066.76 5.62%
5 Long Beach, CA 8,061.66 5.62%
6 Norfolk, VA 6,668.14 4.65%
7 Oakland, CA 5,631.55 3.92%
8 Seattle, WS 5,356.43 3.73%
9 Charleston, SC 5,355.36 3.73%
10 Baltimore, MD 3,843.12 2.68%
11 Tacoma, WA 3,809.49 2.65%
12 New York, N.Y. 2,758.42 1.92%
13 New Orleans, LA 2,663.62 1.86%
14 Miami, FL 2,422.83 1.69%
15 Pt. Everglades, FL 2,161.78 1.51%
16 Philadelphia, PA 2,034.23 1.42%
17 Mobile, AL 1,701.25 1.19%
18 San Juan, Puerto Rico 1,543.38 1.08%
19 Jobos, Puerto Rico 1,364.11 0.95%
20 Jacksonville, FL 1,339.89 0.93%

* Retrieved from WISERTrade database
* Unit: Thousand Tons of Container (Metric)

In 2012, imported container cargo weights into U.S. are
143.51 million tons and the rank of the ports can be listed in
Table 3 and selected ports are highlighted in gray. In addition
to the selected 13 U.S. ports in this list, Gulfport, MS is
subjected to consider in this paper since it represents the state
of Mississippi which facing the Gulf Coast. Also, the Port of
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Prince Rupert in Canada is included due to its capacity
expansion.

Container ports have various available data and
information for its capacity estimation. Recently, the TIOGA
Group, Inc. has investigated container port capacity and its
utilization metrics (19). Based on the five capacity
dimensions of container yard (CY), berth length, depth of the
port, operating hours, and stacking height, report proposed
three types of measurements to estimate port’s capacity: land
use, crane use, and berth use. They found that the U.S. ports
have substantial unused capacity inherent in their terminal
infrastructure and actual imported TEU (the twenty-foot
equivalent unit) in 2008 reached about 50% or less of
estimated capacity by types. (Only Los Angeles and Long
Beach ports experienced 88% of CY utilization) An example
of the West Coast capacity and utilization summary from the
report is shown below with utilization percent. It is
observable that the estimated port capacity by CY/cranes/
berth exceeds actual TEU in 2008.

In this report, therefore, the capacity of each port is
adopted from the result of the TIOGA Group’s report. Since
there are three different capacity estimations are suggested,
the least capacity volume for each port is considered and
listed in below Table 4. Also, unit scale is converted from
TEU to Tonnage because the adopted volumes are estimated
with TEU scale and the WISERTrade database provides in
Tonnage. The multiplied unit value for conversion from
TEU to Tonnage was seven tons per TEU (7 Ton/TEU).
Even though the maximum capacity of the TEU is 21.6 tons,
all the containerized shipments use its capacity in full. Rather
it is estimated as one third for the averaged usage amount per
TEU by Mitchell (20). This conversion unit value of 7
Ton/TEU will be applied for the shipping and rail cost
estimation in the next part.

The capacity estimation of the Port of Prince Rupert in
Canada is based on the TEU amount specified from the
official webpage of the port. Current TEU amount is
introduced as 500,000 TEU and expected amount in 2020
with capacity expansion is advertised as 2 million TEU.
Then the volume amount becomes 3.5 million tons and 14
million tons respectively.

When the estimated port capacity is compared to the
actual import amount from the seven Asian countries, it is
observable that almost all ports are currently using its
capacity at 30% or lower. The only exception is the port of
Prince Rupert and this can be explained from its geological
location and partner countries. Since this port provides lower
cost and shorter shipping time for the containerized
shipments from Asia, it can be valid when the seven Asian
trading partners are considered for. On the other hand,
Gulfport, MS showed very low usage ratio for the Asian
import container flow, because the capacity of this port is
relatively very high in the Gulf Coast and the majority
trading partners of this port are Central or South American
countries reaching the usage ratio of these trade flow up to
3%.
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Table 4. U.S. Port Capacity Comparison with Actual Imported Amount

Imported
EstimaFed Amount fr.om Usage
No Ports bszil?l%:l(;yA Se_\ll_fg dﬁ\sg;an Ratio
report** Partners in (%)
2012
TOTAL Capacity | 325,899.26 61,599.11 18.90 %
1 LA/LB, CA 114,391.87 31,477.80 27.52%
2 Oakland, CA 23,581.83 4,137.98 17.55%
3 Seattle, WA 20,648.60 2,690.71 13.03%
4 Tacoma, WA 15,750.56 3,536.60 22.45%
5 Prince Rupert, BC | 3,500.00 3,164.67 90.42%
6 NY/NJ, NJ 61,406.80 6,963.46 11.34%
7 Norfolk, VA 19,044.40 1,640.58 8.61%
8 Charleston, SC 9,686.80 1,151.83 11.89%
9 Savannah, GA 20,664.08 3,937.73 19.06%
10 Houston, TX 21,889.28 1,587.53 7.25%
11 Mobile, AL 6,287.68 34791 5.53%
12 Miami, FL 9,047.36 962.31 10.64%
13 Gulfport, MS 34,292.16 0.098 0.0003%

* Unit: Thousand Tons of Container (Metric)
** |_east Capacity Estimated Amount

3.6. Capacity of the Panama Canal

Capacity of the Panama Canal is based on the report
published by the Panama Canal Authority (3). They reported
all the vessel flows with origin and destination regions and
total cargo amount. From the report, container flows from
the six Asian countries to the Gulf/East Coast are calculated.

3.7. Ocean, Rail, and Truck Transit Cost

Transit costs for ocean, rail and trucking are estimated
based on the distance and the unit cost per mile in this report
since every container shipping line carriers and rail
companies make contracts with customers and keep the costs
as confidential. Also, to the best of the authors’ knowledge
with previous research (2), there are few adoptable
references to estimate ocean, rail, and trucking costs.

3.7.1. Ocean Transit Cost

First of all, distance tables from each country to each port
are retrieved from the webpage of ‘Portworld’ which provide
nautical mile distance from origin ports in Asia to the U.S.
ports (21). Unit cost of ocean shipment estimated by Mitchell
(20) was implied in this cost estimation. From the obtained
data, the distance is multiplied by the cost corresponding to
its destination ports and estimated ocean cost is calculated.

3.7.2. Inland Cost

Rail and highway distance matrix of the U.S. is retrieved
from the Oak Ridge National Laboratory database (22).
From the “Intercounty Distance Matrix”, distance between

counties where locating major U.S. ports and container
freight stations are obtained. The distances from the
Canadian port to the U.S. states is obtained from distance
calculators provided by major railroad companies (CN,
BNSF, CSX, UP, and NS). Connection from the port of
Prince Rupert to the U.S. states is assumed only with rail
network and highway connection is excluded.

The unit cost value ($/mile/TEU) is adopted from the
WebGIFT (Geospatial Intermodal Freight Transportation)
freight model which is provided by Rochester Institute of
Technology and the University of Delaware using
$0.81/mile/TEU for truck mode and $0.52/mile/TEU for rail
mode (23). For the inland shipping cost in our model, the
distance multiplies unit cost and using CUBE, the software
for transportation demand model, develops travel cost
matrix.

4. Model Implementations
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Figure 1. Actual and Estimated Container Freight Flow from Asia to the
U.S. Ports

Figure 2. Assignments of Import Container Cargo through the U.S. rail
and highway networks (This Truck network does not show connections
from the Port of Prince Rupert)

The estimated container freight flow from the seven Asia
trading partners to the selected U.S. ports is compared with
actual flow retrieved from WISERTrade database as plotted
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in Figure 1. When the model result is compared to the actual
flow, all of the estimated flow to ports is validated almost at
90% level with actual container flow and determined to
apply results from this model to analysis of two scenarios.
For efficient recognition of the analysis, assignments on the
U.S. rail and highway networks are visualized and sample
figure is shown in Figure 2. Since valid data for inland flow
from ports to states was not available to find, efforts are
given to optimization results of this paper.

4.1. Scenarios Analysis and Results

By using built optimization model for import container
distribution into the U.S., two scenarios are expected to
analyze: capacity expansions of the Panama Canal and the
Port of Prince Rupert respectively. The expanded Panama
Canal is scheduled to initiate its service in 2016 and the Port
of Prince Rupert will complete its capacity expansion project
by 2020. For closer comparison, the Panama Canal’s
expanded case is analyzed under 2019 data and the Canadian
port expansion is considered with 2020. Each scenario was
simulated with consideration of its project initiation and
without its initiation. Then detailed impact of each project
can be estimated with its comparison. Also, all other
variables are assumed to be increased with 3% rate annually
based on several reports and news addressing the increase
rate around 3% (24, 25, 26).

4.1.1. Scenario I: Capacity Expansion at the Panama Canal

The first scenario analyzed if capacity expansions at the
Panama Canal affect route shift of import containerized
shipments. Two modes, rail and truck, are visualized
separately showing increased networks and decreased
networks.

When the time scope is assumed as 2019, if the Panama
Canal’s capacity is expanded, Figure 3 shows increased
container flow from the Gulf and East Coast ports to South,
Midwest, and Northeast Regions. At the same time,
significant decrease of container flow, in Figure 4, is
observed from the West Coast ports and the Port of Prince
Rupert to the Midwest, South, and Northeast Regions.
Increased flow can be explained that increased capacity and
size at the Panama Canal allowed more and larger vessels to
the Gulf and East Coast ports, and shipments destined to the
South and Northeast Regions shifted the gateway ports to the
nearest port, instead of the West Coast ports. Observed flow
from the Gulf Coast port to the West Region is supposed due
to commodity’s distinct characteristics. Before the expansion
of the Panama Canal’s capacity, there exist consistent flow
on this link and the increased amount is believed to stress its
trend. Decreased flow would be observed since the shifted
flow to the Gulf and East Coast ports decreased flow to the
West Coast ports. Rail mode lost its flow volumes from
Canada to all Regions in the U.S., and truck mode also
showed decreased volume to the Midwest and South
Regions.

Distribution Changes of Containerized Freights into the U.S. by Maritime Network Capacity Increase

Figure 3. Increased Container Flow with Comparison between Increased
and Non-Increased Capacity at the Panama Canal (* Upper: Truck, Lower:
Rail (Same order hereafter))

Figure 4. Decreased Container Flow with Comparison between Increased
and Non-Increased Capacity at the Panama Canal

4.1.2. Scenario II: Capacity Increase at the Port Prince
Rupert

The second scenario analyzed if capacity expansions at the
Port of Prince Rupert affect route shift of import
containerized shipments. Similar to the first scenario, rail
and truck modes are visualized separately showing increased
and decreased volumes on networks.

When the time scope is assumed as 2020, if the Port of
Prince Rupert increased its capacity, Figure 5 shows
increased container flow from the major ports to all Regions.
At the same time, decrease of container flow, in Figure 6,is
observed from the West Coast ports to the Midwest and
South Regions. Container drayage movement is observed
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from the Gulf and East Coast ports even though the Port of
Prince Rupert expanded its capacity. It is supposed to
stabilized for the shipments destined to the Midwest, South,
and Northeast Regions to use the nearest ports. For the
increased movement with rail mode, it may be observed the
demand that could use the intermodal system through the
Port of Prince Rupert. Even though the Port of Prince Rupert
increases its capacity by double, it is also important to
receive more vessel calls from the Asian countries, but the
carriers’ frequency was relatively to few than to the West
Coast ports. Decreased flow is observed from the West Coast
Ports to their states or to the Midwest Regions for both
modes.

Figure 5. Increased Container Flow with Comparison between Increased
and Non-Increased Capacity at the Port of Prince Rupert

Figure 6. Decreased Container Flow with Comparison between Increased
and Non-Increased Capacity at the Port of Prince Rupert

4.1.3. Results

From the simulation and assignment results, both capacity
expansion projects expect to change route distributions of
containerized cargo through the ports to the final destinations.
Also, each project showed different distribution changes.
The first scenario showed significant and reasonable result
from the Panama Canal’s expansion. More container flow
was observed through the Gulf and East Coast ports
compared to the case when the project is not initiated.
However, the second scenario was less clearer than the first
showing increased container flow at the West and East Coast
ports to the Midwest Regions even thought the rail
connections to the Midwest was an advantageous factor for
the Prince Rupert. It is not clear but it is assumed that the
reason lies in the optimization process. When the
optimization model is built, container flow to the Port of
Prince Rupert was constrained due to the fewer sailing
frequency, and this is assumed to affect the further
optimization estimates.

Also, we discussed major commodities for each Region, in
Table 2, commaodity types are quite similar by Regions and
those are weight cargos and relatively high-valued items. If
these attributes are appropriately utilized with facility
support and readiness, it will help to absorb the shifting
demand of intermodal freights, or to hold the existing
container flows.

5. Conclusions and Further Research

Two capacity increase cases of the Panama Canal and
Prince Rupert are considered in this analysis based on
current container flow between the seven Asian trading
partners and the U.S. states.

When the increased service capacity from the Panama
Canal is assumed for the trading condition in 2019, many
shipments were observed changing their routes to the ports
on the Gulf/East Coast. At the West Coast ports, inbound
shipment volume decreased for the Midwest regions. When
the Port of Price Rupert was expected to complete the
capacity increase project in 2020, changes of shipment
volume for the Midwest regions is not observed. At the West
and East Coast ports, flow increase to all the Regions and
other states is simulated. With overall, it can be concluded
that capacity increase of the Panama Canal resulted container
flow increase at the Gulf/East Coast ports.

Further research can be suggested in a number of areas
from this paper. First, detailed sailing frequency schedule
will help to simulate much precisely. In this paper, the Prince
Rupert is not fully analyzed with its anticipated capacity
expansion with this reason. If it is possible to include
expected more frequent sailing schedule, it is believed to
maintain more container flows on this route. Second,
integration of commaodity types into the optimization process
would be possible to estimate much realistic flows of
containerized cargos. Also, additional inclusions of trading
partner countries, the U.S. ports, and subdivided destination
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states will improve estimation of container cargo distribution
into the U.S.
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