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Appendix A 

Summary: Container Segment Analysis 

The container segment is the largest and fastest growing segment for the Panama Canal, 
providing over 33 percent of toll revenues in FY2003, and growing during 1990-2003 by 
a compound annual growth rate (CAGR) of 11 percent.1  This segment traces its roots to 
1956, when the first containership left the dock from Newark, NJ. The concept was an 
instant success and by 1968 about 30 percent of shipments of breakbulk cargo in major 
trade lanes were containerized, amounting to about 11 million tons.  Today, the container 
is the standard means of transporting most cargo except for bulk commodities and 
vehicles, and it is estimated that about 43 percent2 of all dry cargo now moves in 
containers. As a result, container cargo movements have grown dramatically in relation to 
overall dry cargo trade: From 1980 through 2002, while dry cargo trade grew by a 
compound annual rate of 3.3 percent, container cargo grew by 8 percent.3 

Prior to the use of containers, ocean cargo moved in “breakbulk”.  Packages would be 
unloaded from trucks at the docks, put into pallets, hoisted on board the ship, and stored.  
The process would be reversed at the unloading port, and the entire operation was 
phenomenally inefficient.  Ships would require days, even weeks, to load and unload.  
Cargo was exposed to frequent damage and theft, and stevedoring labor costs alone 
amounted to about 60% of the total transport cost.  By using standardized containers, 
shippers were assured that their cargo would arrive intact, ships could be loaded and 
unloaded at high speed, and labor demands were reduced.  Containers are loaded at the 
customer’s facility, delivered on a chassis to a dedicated container terminal, and loaded 

                                                 
1 Mercer analysis of ACP data.  Growth rate based on PCUMS tons transiting the Canal.  For the container segment in 
particular, the growth rate includes the effects of changes in PCUMS measurement rules. 
2 UNCTAD, 2003 Review of Maritime Transport. 
3 Mercer analysis, derived from Drewry Container Market Reports, 1994 and 2003.  There are considerable 
discrepancies between sources of total container volume, primarily because of reporting issues.  For 2002, estimates 
range up to about 78 million TEUs (Clarkson, Drewry) to 62 million TEUs (Containerisation International).  
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on a ship by specialized high-speed cranes. 

Containerized cargo includes a wide range of commodities, with food/agricultural 
products, other bulk, furniture, apparel, and machinery accounting in aggregate for about 
50 percent of the cargo.  During the last 10 years, the impressive trade growth in 
containerized cargo can be explained by two factors – increasing activity between Asia – 
particularly China – and the United States, and increasing containerization of goods.    

Highly competitive and cost-focused container shipping markets (especially during 
periods of excess capacity), the low marginal cost of shipping containers, and structural 
imbalances in exports and imports (particularly for the US) have triggered further 
extension of containerization into traditional bulk trades, such as the movement of grain, 
wood, and recycled materials. One example of this trend in recent years is the increasing 
containerization of wood products imported into the United States. Of the total tons 
imported in 1990, 25 percent were containerized. However, the containerization rate had 
risen to the 45-50 percent range for the years from 1997 to 2002. 

Most containers are carried by dedicated containerships on scheduled liner services. 
These services are provided on a relatively stable basis on rotations that use a set of 
individual ships following a set pattern of port calls. These service patterns are important 
to the analysis of the container segment, because of the influence of dominant legs (head-
hauls)4 on shipping capacity demand, while back-hauls have a strong impact on overall 
profitability.   

While carriers build some slack into their schedules, significant delays at any point in the 
rotation can have cascading effects on all subsequent calls.  The market and economic 
implications of service failures are substantial, since they affect the overall competitive 
positioning of shipping lines, and because of the high attendant cost of waiting for future 
berth windows, terminal overtime costs, additional inland transportation costs if port calls 
have to be by-passed, and other costs.  This means that liner services are particularly 
sensitive to unanticipated long delays and relatively insensitive, at least in the short-run, 
to costs such as Panama Canal tolls. 

Container Traffic and Toll Revenue Forecast 

Mercer’s methodology for the study was designed to deliver comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, 
marketing/pricing actions, and Canal expansion cases. For the three market scenarios for 
specific demand drivers developed by Mercer the forecast is summarized below. 

                                                 
4 Container trade routes are typically composed of a dominant leg – referred to as the “head-haul” leg – with greater 
volumes of traffic, and typically higher value commodities.  The return leg – referred to as the “back-haul” leg – 
typically has lower demand because of structural imbalances of trade between regions, resulting in lower vessel 
capacity utilization.  In some trades, such as US-Far East at present, the imbalance is substantial, with almost two 
loaded containers in the inbound-US direction for every return container. 
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Twelve trade routes (six US-based) make up a very large percentage of relevant container 
traffic and toll revenues for the Canal. The forecast analysis estimated that trade volume 
on these 12 routes in the dominant direction (or on the “head-haul” leg) totaled 11.4 
million TEUs in 2002 and that the Canal’s share of this traffic totaled 2.26 million TEUs. 
Considering movements in both directions, the model estimates Canal traffic to be in the 
order of 4.5 million TEUs.  Detailed analyses and forecasts for four trade routes 
accounting for the vast majority of total potential container TEUs transiting the Canal 
were developed.  These trade routes were: Northeast and Southeast Asia, West Coast 
South America, and Europe to the United States 

Probable Scenario 

The most probable scenario combines the base case macroeconomic forecast and the base 
case market scenario. In this scenario, total container traffic through the Canal is expected 
to more than triple over the forecast period, from 4.5 million TEUs in 2002 to 16.8 
million in 2025, representing growth of 271 percent. In particular, Northeast Asia to US 
trade is expected grow from 2.5 million TEUs in 2002 to 10.4 million TEUs in 2025. 
With above average growth, this single trade is expected to increase from 54.5 percent of 
total TEUs in 2002 to 61.8 percent in 2025. Canal transits are also expected to grow 
significantly, although not at quite the same rate as TEUs, due to the expectation that 
average ship sizes will increase. Canal transits5 on the principal trade routes are expected 
to grow by 203 percent, from 2,102 in 2002 to 6,362 in 2025 in the base macroeconomic 
case.  PCUMS tons are projected to increase to 232 million tons in 2025, from a base of 
64 million tons, representing a 265% increase.  Toll revenues are expected to rise to 
$1,020 million in nominal terms, compared to $164 million in the base year, a more than 
500% improvement driven both by demand growth and toll increases. 

Pessimistic Market Scenario  

Container traffic is projected to increase to 12.9 million TEU in 2025, down 23 percent 
from the 16.8 million TEUs projected in the most probable scenario.  Transits are 
projected to increase to 4,930 in 2025, down 23 percent from the most probable market 
scenario.  PCUMS tons are projected to increase to 179 million tons, a decrease of 23 
percent from the most probable case.  Toll revenues are expected to reach $784 million in 
2025, 23 percent less than the probable case.  

Optimistic Market Scenario  

Container traffic is projected to increase to 22.9 million TEU in 2025, up 36.5 percent 
from the 16.8 million TEUs projected in the most probable scenario.  Transits are 
projected to increase to 8,582 in 2025, up 35 percent from the most probable scenario.  
                                                 
5 Container vessel transits in the forecast period include the transits of container-bulkers (convertible use vessels that 
can carry container sand/or bulk commodities) when these vessels are carrying containers.  In general, these vessels 
operate almost exclusively as either containerships or dry-bulkers, and their expected transits have been allocated to 
these segments accordingly. 
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PCUMS tons are projected to increase to 317 million tons, an increase of 36 percent from 
the most probable case.  Toll revenues are expected to reach $1,390 million in 2025, 36 
percent more than the probable case. 

Marketing/Pricing Insights 

Toll sensitivity: The market segments that dominate the Canal container traffic are quite 
sensitive to Canal tolls, and therefore an increase in Canal tolls would result in a 
significant loss of share for the Canal.  Relatively small annual increases in Canal tolls 
may allow the Canal to retain its market share even in the long run, however, large annual 
increases will be detrimental, especially in the long run, as the tolls accumulate year over 
year.  In the short run however, the Canal may be able to sustain loss of market share to 
its rivals, the Suez and US Intermodal system even with relatively large increases in 
Canal tolls.  This is because most of the Canal traffic consists of containers on the Asia to 
the US Northeast, where the cost difference versus the competing alternative, the US 
intermodal system, is too large to be overcome by relatively small Canal toll increases.  
The same is the case with the trade on the Europe to US West Coast trade lane.  Most of 
the other major segments are considered almost captive to the Canal, due to the nature of 
the trades and the lack of reasonable alternatives. 

Impact of Canal expansion on fleet deployments:  In the case of the expansion of the 
Canal, Mercer projects that post-Panamax vessels will dominate the main Canal route 
container trade. Due to the deployment of much larger vessels than used currently, the 
total number of transits by 2025 would decline significantly – 43 percent lower than in 
the unexpanded case (Exhibit 4-5).  However, the projected toll revenues for the Canal 
would show a slight increase of about 7 percent compared to the unexpanded case in 
2025.  From a Canal perspective, the primary implication of the expected change in vessel 
deployments is that container traffic is expected to rely primarily on the new locks if the 
Canal is expanded, and that the existing locks would be expected to see a large decrease 
in Container vessel traffic – effectively “creating” capacity in the old locks for other 
customer segments that are expected to rely on Panamax and smaller vessels. 
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Container Segment Analysis Detail 

1.  Background 

The container segment is the largest and fastest growing segment for the Panama Canal, 
providing over 33 percent of toll revenues in FY2003, and growing during 1990-2003 at a 
compound annual growth rate (CAGR) of 11 percent (Exhibit A-1).6  In 2003, container 
traffic accounted for over 78 million PCUMS tons and over 2,300 vessels transiting the 
Canal – representing an increase over 2002 of 22 percent and 17 percent respectively. 

Exhibit A-1 
Container Segment Share of Total Canal Market, 2003 
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Source: Mercer analysis of ACP data.  Excludes minor vessels (such as yachts and tugs) and 
passenger vessels. 

The container segment traces its roots to 1956, when the first containership left the dock 
from Newark, NJ. The concept was an instant success and by 1968 about 30 percent of 
shipments of breakbulk cargo in major trade lanes were containerized, amounting to 
about 11 million tons.  Today, the ocean-shipping container is the standard means of sea-
borne transport of most cargo except for bulk commodities and vehicles, and it is 
estimated that about 43 percent7 of all dry cargo now moves in containers. As a result, 
container cargo movements have grown dramatically in relation to overall dry cargo 
trade: From 1980 through 2002, while dry cargo trade grew by a compound annual rate of 
3.3 percent, container cargo grew by 8 percent.8  The cargo carried in these containers 
                                                 
6 Mercer analysis of ACP data.  Growth rate based on PCUMS tons transiting the Canal.  For the container segment in 
particular, the growth rate includes the effects of changes in PCUMS measurement rules. 
7 UNCTAD, 2003 Review of Maritime Transport. 

8 Mercer analysis, derived from Drewry Container Market Reports, 1994 and 2003.  There are considerable 
discrepancies between sources of total container volume, primarily because of reporting issues.  For 2002, estimates 
range up to about 78 million TEUs (Clarkson, Drewry) to 62 million TEUs (Containerisation International).  
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includes an extraordinarily wide range of commodities, with food/agricultural products, 
other bulk, furniture, apparel, and machinery accounting in aggregate for about 50 percent 
of such cargo.9  

Virtually all containers10 are carried by dedicated containerships on scheduled liner 
services along established trade routes.  These liner services are structured as very rigid 
schedules that use a set of individual ships following a set pattern of sequential port calls.  
Schedules in the container trade are generally structured on a weekly basis – so that an 
arrival by a vessel at a particular port occurs on the same day (and generally the same 
time) every week. Each individual service relies on a "string" of vessels with similar 
capacities and speeds to ensure predictability of performance to customers.  

Container trade routes are typically composed of a dominant leg (referred to as the "head-
haul" leg) with greater volumes of traffic, and typically higher value commodities; and a 
return leg (referred to as the "back-haul" leg), which typically has lower demand because 
of structural imbalances of trade between regions, resulting in lower vessel capacity 
utilization.  In some trades, such as US-Far East at present, the imbalance is substantial, 
with almost two loaded containers in the inbound-US direction for every return container.  
These trade characteristics are important to the analysis of the container segment because 
of the influence of dominant legs (head-hauls) on shipping capacity demand – and thus on 
the types and numbers of vessels deployed in services including those through the 
Panama Canal – while back-hauls have a strong impact on overall profitability.   

Liner services are extremely capital intensive, and in order to provide certainty over the 
supply chain and to optimize utilization of their assets, they operate on highly disciplined 
schedules.11 Because the terminals that these vessels call on are also capital and 
operationally intensive, and because their own capacity is limited, the terminal time 
"windows" to load and unload a vessel are constrained.  Accordingly, these segments 
place a high premium on schedule reliability, and typically structure the schedules to 
ensure a minimum 90 percent confidence of meeting the schedule.  The service reliability 
of the fleet, terminals, and the Canal is of paramount importance in the container 
segment.  

While carriers build some slack into their schedules, significant delays at any point in the 
rotation can have cascading effects on all subsequent calls.  The market and economic 
implications of service failures are substantial, since they affect the overall competitive 
positioning of shipping lines, and because of the high attendant cost of waiting for future 
berth windows, terminal overtime costs, additional inland transportation costs if port calls 
                                                 
9 Mercer analysis of US Waterborne Trade Statistics for containerized imports to the US, 2003. 
10 In small trade lanes, containers are sometimes carried aboard multi-purpose vessels, including bulk-refrigerated cargo 
ships, ro-ro (roll-on roll-off vessels) and other specialized vessels. 
11 By way of example, a weekly service across the transpacific trade route requires at a minimum five containerships 
(costing in the order of about $60 million each) - before adding the costs for the shipping containers, terminals, etc. 
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have to be bypassed, and other costs.  This means that liner services are particularly 
sensitive to unanticipated delays and relatively insensitive, at least in the short-run, to 
costs such as Panama Canal tolls. 

As noted earlier, the container segment has seen impressive growth.  Over the past 10 
years, this growth can be explained by two primary factors; increasing trade activity – 
particularly between economies relying increasingly on containerized cargo – and 
increasing containerization of goods.  

 Increasing containerized trade activity.  Worldwide dry cargo exports have grown by 
1% percent per year since 1980, to 2,167 million tons in 2000.12  However, as shown 
in Exhibit A-2, international movements of containerized trade (in TEUs) have grown 
much faster, increasing from 12.8 million TEU in 1980 to 68.3 million TEU in 2000, 
an average annual increase of almost 9 percent.13  

 
 

Exhibit A-2 
Dry Cargo and Container Trade Activity, 1980- 2000 
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Source: Mercer analysis of UNCTAD and Drewry data 

 Increasing containerization rates.  Containerization, which emerged in the 1960s, was 
a revolution in manufacturing and shipping logistics. The containerization rate (the 
percentage of cargo tons transported in containers) has historically been one of the 
principal factors driving growth in the container segment. Containerization rates have 
grown from 0 percent in 1950 to nearly 100 percent at the present time for many 
commodities and trade routes. For many product groups, containerization rates are 
well above 90 percent for all US imports and for many product categories have 

                                                 
12 United Nations Conference on Trade and Development (UNCTAD) Review of Marine Trade, 2003 
13 Derived from Drewry Shipping Consultants, Global Container Markets, 1995 and 2003 
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reached saturation at 98-99 percent. Given the high level of containerization for most 
products on important trade routes, increasing rates of containerization are no longer a 
factor in overall container segment growth. 
 
However, highly competitive and cost-focused container shipping markets (especially 
during periods of excess capacity), the low marginal cost of shipping containers, and 
structural imbalances in exports and imports (particularly for the US) have triggered 
extension of containerization into traditional bulk trades, such as the movement of 
grain, wood, and recycled materials.  
 
One example of this trend in recent years is the increasing containerization of wood 
products imported into the United States. As shown in Exhibit A-3, of the total tons 
imported in 1990, 25% were containerized. However, the containerization rate has 
risen to the 45-50% range for the years from 1997 to 2002.  
 
 

Exhibit A-3 
Containerization Rates of US Imports of Wood Products 
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Source: Mercer Analysis of US Waterborne Commerce Statistics, US Maritime Administration 

 

The rapid evolution of containers as a standard for moving goods has resulted in massive 
changes across the entire global transportation network, including shipping lines, ports, 
rail and highway networks, and the supply chains of both importing and exporting 
industries: 

 The types of ships used to transport containers have shifted from general cargo and 
bulk carriers to specialized container ships, and this evolution continues with a move 
toward larger and more efficient container ships.  These ships require dedicated 
terminals and cargo-handling equipment, as well as close integration with the 
overland distribution network of rail and truck carriers. 
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 The rapid growth has resulted in significant development of major international ports 
beginning in the New York area in the 1960s.  US West Coast ports have experienced 
enormous growth over the past decade and are embarked on plans to expand their 
capacity to meet increased demands. However, these ports are faced with physical 
limitations as to how much expansion may be possible. Many East Coast ports are 
somewhat less constrained by land limitations, but are also facing significant needs 
for development to support increased trade and the move toward larger vessels. 

 Since one of the main advantages of containers is their portability, there have also 
been enormous changes in the rail and trucking industries and in the linkages between 
ocean carriers and these land-based transportation services. The development of the 
US rail network to support container traffic, including the creation of double-stack 
trains connecting to US ports, has provided an integrated transportation network that 
is one of the major competitors to the Panama Canal.14 

 The impacts of the container revolution extend beyond direct transportation providers 
and the supporting infrastructure. Large retailing and manufacturing companies in the 
US have created more effective supply chains and much lower costs by developing 
distribution centers located so as to maximize connectivity with large container ports 
and that are closer to their markets.  

The operating environment for the shipping lines involved in the container trade has also 
changed substantially during this period of rapid growth.  The key industry trends and 
challenges include: 

 Changing customer environment. The growth of large retailers has changed the 
landscape of retail distribution in the US. Wal-Mart is now the largest US company, 
and also the largest importer of US goods. The emergence of new large retailers has 
meant that the control of importing has been shifting from exporters and 
transportation providers to importers.  The shifting of retail markets to large vertically 
integrated companies has been due at least in part to these companies' abilities to 
minimize their supply chain costs, including through the development of distribution 
centers located to optimize distribution to markets, and to port expansion to handle 
large volumes of container traffic. Emergence of third-party logistics companies and 
the rapid development of new technology to optimize supply chains have enabled 
these changes to occur relatively rapidly. 

 Increasing demand: The global increases in containerized trade demand have 
consequently placed significant pressure on shipping lines to build and deploy 
additional capacity.  This ongoing need for additional capacity, including not only in 
terms of additional ships but also terminals and the overland transportation 

                                                 
14 As their name implies, double-stack trains transport containers that are stacked two-high on railcars.  Trains in excess 
of 100 railcars are not uncommon in major lanes. 
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infrastructure, has forced both a high level of capital investment and a continuous 
push for operating productivity improvements.  

 Low profitability: The container shipping industry as a whole has historically failed to 
meet its cost of capital (despite periods of more modest success) and, with the 
exception of cyclical periods of high demand relative to available capacity, has 
experienced continuing downward pressure on shipping rates.15  Most shipping lines 
have undergone multiple rounds of cost restructuring to meet these challenges.  In 
addition, many of the larger companies have tried to develop significant logistics 
subsidiaries to leverage their customer relationships and expand their activities in the 
value chain in an effort to improve overall economic performance. 

 Mergers and alliances:  Although the industry remains fragmented, consolidation 
within the major shipping companies has resulted in about 45 percent of capacity 
being deployed by the top 10 carriers, and almost 70 percent of capacity is accounted 
for by the top 50.16  A significant and continuing trend has been the creation of 
alliances by groups of container shipping lines, in an effort to counter the benefits and 
scale achieved by the largest mergers and the emergence of global mega-carriers.17 

 Changing ship design: The specialized container ship has evolved into an ever larger 
and more efficient vessel. The fully cellular container ship (FCC), introduced in the 
1960s, defined the basic configuration for such vessels, with containers carried in 
holds below deck and also stacked above deck. The capacity of the largest vessels 
grew from 1,700 TEUs in the 1960s to the introduction of the 4,500 TEU Panamax in 
the 1980s.  During this period, the Panama Canal's dimensions effectively limited the 
size of container ships.  However, in the late 1980s, APL broke the Panamax barrier 
with its decision to serve the Asia-US market with a combination of post-Panamax 
size vessels and double-stack train service. Since then, other carriers have followed 
APL's lead, and the size of new post-Panamax vessels has steadily increased, with 
7,500 TEU vessels being the norm for the past few years. Vessels with capacities of 
up to 12,000 TEU are on the drawing board but none have yet been ordered or built.18 

 Changes in the US regulatory environment have significantly affected the shipping 
industry over the past few decades. Deregulation of rail traffic in the late 1970s 
helped lead to the development and growth of the intermodal network connecting to 

                                                 
15 The poor financial performance of the industry has been widely documented.  See for example the analysis by 
WestLB Panmure “Container Shipping – Every Cloud has its Silver Lining” dated May 2002. 
16 Clarkson Research Studies, Container Intelligence Quarterly, Q1 2004.  Includes controlled charter tonnage. 
17 Alliances and global mega-carriers have expanded their market share over the past decade.  For example, in the trans-
pacific, global carriers Maersk-Sealand and Evergreen, along with the Grand, New World and CHKY alliances 
deployed over 80 percent of the available capacity.  Source:  Derived from Containerisation International “Market 
Analysis, Future Supply and Demand for Liner Services 2003/4.” 
18 There is substantial disagreement in the industry about the operating and economic feasibility of ships of over 10,000 
TEU because of the implications of their use on both port and terminal investment, as well as the emergence of 
diseconomies of scale attached to these large ships.  In general, their future deployment is considered speculative. 
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new Asia-US west coast services. More recently, the Ocean Shipping Reform Act 
(OSRA) of 1998 had an enormous impact on shipping operations. Before OSRA, 
carrier "conferences" set price structures with no pricing differentiation between 
services. Since the implementation of OSRA in 1999, the conferences have 
disappeared, replaced with confidential negotiated prices and service contracts. This 
has significantly opened up competition between all-water services using the Panama 
Canal and US intermodal services. As a result, there is now a much clearer choice for 
shippers. Higher-value, more time-sensitive products from Asia tend to be shipped 
through the speedier, but higher-cost, West Coast/intermodal route. Lower-valued 
products tend to be shipped via the slower, but much less expensive, all-water route 
through the Panama Canal. 

2.  Principal Data Sources 

A number of principal data sources were used in the preparation of this analysis: 

 A study prepared by the Louis Berger Group, Inc., in association with The National 
Ports and Waterway Institute/UNO, The Tioga Group, and PIERS titled "The Panama 
Canal Impact on the Liner Container Shipping Industry," (October 2003).  This study 
provided a great deal of information on markets and the shipping industry as well as 
analyses and forecasts.  

 Data from PIERS was used to develop the models and analyses and to calibrate 
results. PIERS is a leading provider of detailed information on trade flows and was a 
key contributor to the aforementioned Louis Berger Group study.  

 US Waterborne Commerce Statistics produced by the US Maritime Administration 
were used extensively in the analysis. This data includes detail for thousands of 
commodities, value and weight of cargo, the containerized and non-containerized 
portions of cargo, the ship type used in transporting the cargo (liner, tanker and 
tramp), the foreign country and port from which the cargo originated (for imports), 
and the US port through which the cargo was imported.  

 Waterborne Commerce Statistics were supplemented by US import and export 
statistics from the US Census Bureau and the US International Trade Commission to 
provide data on trade with Canada and Mexico and trade by air. US imports and 
exports of merchandise data provide the value and units of traded goods, the trading 
partner country and the mode of transportation.  

 US personal consumption and population data were obtained from the US Bureau of 
Economic Analysis. These data were used to analyze levels and patterns of US 
consumption and in comparing consumption level to imports, and in analyzing the 
impact of expected future US population shifts. 

 Forecasts from DRI-WEFA, included as part of the earlier Panama Canal segment 
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studies, were used, as required by the ACP, in preparing projections. 

 Containerization International (various magazine issues and yearbooks) provided 
historical vessel deployment data, and industry perspectives.  In particular, the report 
titled "Market Analysis, Future Supply and Demand for Liner Services 2003/2004" 
was used extensively for background information. 

 Various reports from Drewry Shipping Consultants, in particular various issues of 
"The Container Market Quarterly," "Global Container Markets (1995)", and "Ship 
Operating Costs Annual Review and Forecast (2003)" were used to provide historical 
data and vessel operating cost information. 

 Various issues of Clarkson Research Studies' "Container Intelligence Quarterly" were 
also used to provide historical data and background information. 

3.  Key Markets/Trade Routes 

The major trading regions involving container trades are those of Asia, Europe, and the 
East and West Coasts of the United States.  The US economy is the principal engine for 
growth in the global economy, and US economic gains have been fueled by significant 
personal income and consumption growth.  This growth in US consumption has been 
satisfied to a growing extent by imports, particularly from China and other northeast 
Asian countries.  

The combination of economic growth, increasing quantity of imports, and their increased 
sourcing from the Far East have led to enormous growth in trade on routes served by the 
Panama Canal. Within the large US market, there have also been shifts in population and 
manufacturing from the Northeast and Midwest regions to the South and West. While 
these effects have meant increased demands for US West ports, they have also 
encouraged growth in US Southeastern and Gulf ports. 

For the Panama Canal, there are 12 trade routes that are of principal importance and that 
account for the vast majority of total containerized trade that flows through the Canal.  
Mercer estimates that trade volume on these 12 routes most relevant to the Canal totaled 
11.4 million TEUs in 2002 and that the Canal's share of this traffic totaled 2.3 million 
TEUs. This TEU traffic represents trade on the predominant leg for each trade route.19 

The trade routes for containers that are most critical to the Panama Canal consist of US 
imports from Asia, the West Coast of South America, and Europe, which together 
accounted for 78 percent of Canal traffic in 2003. Other relatively minor routes of 

                                                 
19 For four of the routes involving US imports, these TEU estimates were derived from US Waterborne Commerce 
tonnage statistics and TEUs conversion factors provided by PIERS. For the remaining routes, TEU estimates were 
derived from data provided in the Berger report. 
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relevance to the Canal include US East Coast exports to Oceania, which account for six 
percent of total traffic, and European exports to the West Coast of South America, which 
make up eight percent of Canal traffic.  

An analysis of the trade route data shows that 88 percent of the Canal's potential TEU 
trade is carried on US inbound trade routes. Of the TEUs which are transported through 
the Canal, 78 percent are represented by US inbound trade. 

For some of these routes, as shown illustrated in Exhibit A-4, the Canal's services are 
competitive with other route choices, i.e., through connections to US rail intermodal (for 
US trades), and other all-water services – particularly via the Suez Canal. For others, 
there is no realistic alternative and the trade route is essentially "captive" to the Panama 
Canal. 

Exhibit A-4 
Critical Container Trade Routes for the Panama Canal 

 

 

Eastbound 

The largest eastbound container route for the Canal is from Northeast and Southeast Asia 
to the United States, accounting for 1.3 million TEUs in 2002.20 Other sources for 
                                                 
20 As noted earlier, the dominant head-haul leg – in this case eastbound US imports – is the determining factor for 
capacity deployments and consequently vessel transits.  Values shown in this section refer to the head-haul leg. 
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containerized goods moving eastbound to the United States through the Canal include 
Southeast Asia and West Coast South America.  West Coast US containers also flow to 
East Coast South America.  

Westbound 

Westbound, smaller container flows transit the Canal from Europe to the United States 
and West Coast South America, and from the United States to Oceania.  

4.  Trade Forecast  

Overview 

Forecasting the underlying container trade demand for the Canal is significantly more 
complex than for more homogeneous commodities – such as bulk products, vehicles, and 
even cruise passengers – in several ways: 

 Container trade encompasses thousands of products, each with their individual supply 
and demand patterns, growth rates, and market dynamics.   One possible approach to 
forecasting container trade commonly used is to examine overall traffic patterns only 
in aggregate – by examining, for example, total region-to-region movements of the 
total number of containers – and attempt to explain these movements with aggregate 
measures of economic activity.  The fundamental issues with this type of approach, 
from a forecasting perspective, is that very little understanding of the underlying 
market dynamics is captured or explained, and that it does not allow for any 
significant "what if" or sensitivity analyses to be performed.  The approach used in 
this forecast, and described later in this Section, has disaggregated the container trade 
into a set of commodity groups in order to be able to better understand demand 
components and assess potential variability under to economic and individual trade 
factors.21 

 Drivers of underlying container demand are more diverse and complex, and include 
factors such as sourcing and consumption patterns, behavior of US consumers, 
influence of trade policy, etc.  The complexity of drivers begins with US consumer 
behavior. How much consumers will spend in aggregate and what products will be 
consumed relative to others are principal factors affecting demand. Given overall 
consumption patterns, additional variables affecting demand include how much of 
consumer spending will be satisfied by imports and which specific countries and 
regions will supply these imports. These import and supplier dynamics may be 

                                                 
21 The aggregate results of various forecasting methodologies – in terms of total TEU of demand - are not significantly 
different, since they tend to rely on the underlying economic forces that drive demand for products.  The disaggregated 
approach, however, allows for more careful examination of factors that could affect this demand, including shifting 
sources of imports, and changes in spending patterns. 
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significantly affected by trade policies of the US and trading partner countries.   

 The routing decisions made by importers about how to most effectively bring imports 
into the US to meet demand is a complex process, driven by the evolving supply 
chains of manufacturers and retailers, the incremental investments in infrastructure – 
such as ports, terminals, railroads, and distribution centers - as demand grows, and the 
increasing sophistication provided by modern inventory and supply chain 
management tools.22  The impact of these routing decisions on Panama Canal demand 
is addressed in the next section of this document. 

Methodology 

In order to address the challenges noted above, trade was segmented in the forecast at a 
level of commodity and import-country detail that provides for differentiating 
components that have different characteristics, and the fundamental drivers of demand 
were analyzed to forecast future trade volumes and allow for sensitivity analyses. The 
basic analytical approach consisted of: 

 Disaggregating containerized trade demand into understandable and manageable 
component elements, focusing on the specific containerized commodities transported 
in the principal trade lanes. As noted earlier, these principal trade lanes, which include 
Asian, European and South American exports to the US, made up 78 percent of Canal 
traffic.23 Panama Canal containerized trade was disaggregated into 29 separate 
product groups based on standard international harmonized commodity codes.24 

 Analyzing and forecasting demand on a commodity basis – focusing on drivers of 
future demand –and aggregating the commodity-level forecasts into container-level 
trade forecasts for critical trade lanes.  These drivers include those that directly affect 
the volume of potential trade – particularly macro-economic factors, but also 
importing and consumption trends – and those that affect choices made by shippers in 
selecting the Panama Canal as the route for their cargo – primarily factors related to 
their individual supply chains. 

Trade Demand Drivers 

As noted previously, the majority of containerized traffic flowing through the Canal is 
                                                 
22 These decisions are also influenced in the short to medium term by historical patterns of customer behavior, including 
comfort levels with existing suppliers and routes, and the relative perceptions of competing routes, and the perceived 
risk of making changes.  Accordingly, there is a natural lag-effect in changing behavior towards more attractive 
alternatives. 
23 For other trade lanes, the forecasts prepared by the Louis Berger Group and PIERS were used in the analysis. 
24 These product categories cover all containerized imported goods except for oil and other energy-related commodities 
and vehicles, which are essentially not containerized and are transported on dedicated vessels.  These commodities are 
analyzed in the liquid bulk and vehicle segments respectively. 
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related to US demand for imports.  Hence, from a Canal perspective, this segment is most 
responsive to changes in US import consumption and sourcing patterns, and, because of 
the geographic distribution of consumers and the relatively high value of the products 
transported, to the US domestic distribution system and its supply chain characteristics.  
The containerized trade forecast is based on five drivers of demand: 

 Aggregate US consumption (real US dollars). Consumption of goods is the primary 
driver of Canal container volumes. A standard measure of aggregate demand is US 
personal consumption expenditures 

 Changing US consumption patterns (product shares of consumption). Different 
consumption categories have grown at vastly different rates, and such variations in 
growth will likely continue into the future. Thus, for example, to the extent that the 
Canal is used to transport goods that have higher growth rates than consumption as a 
whole, Canal traffic will also increase at a greater rate. 

 Import propensity. Equals the share that imports represent of consumption. With 
imports historically making up an increasing share of consumption, both aggregate 
trade and the Canal's potential traffic have increased. However, the level of import 
propensities, and increases in such propensities, vary significantly by product group. 

 Origin country shares of US imports. Which countries supply demand is of critical 
importance in determining demand for the Panama Canal. If US import demand is met 
by Mexico or Canada, the Panama Canal’s potential demand is minimized. In 
contrast, if demand is met by China or another Northeast Asian country, the Canal’s 
potential traffic is maximized, since there is a relatively high possibility that this 
demand may result in traffic for the Canal. 

These trade drivers are interrelated, and their effects are multiplied together in the 
development of the trade forecast. Exhibit A-5 shows how these demand drivers interact 
to produce total demand.25 

                                                 
25 These forecasts were converted from total dollar value to container volumes (in TEUs) based on real import values; 
$/ton conversion factors are derived from historic US Waterborne Commerce Statistics published by the US Maritime 
Administration and calculated by dividing total dollar value by total tons, for each product category and supplier 
country. Tons/TEU conversion factors were supplied by PIERS for US imports from Northeast Asia.   
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Exhibit A-5 
The Five Fundamental Drivers of Container Trade Demand 

 
 

 

 

 

 

 

Aggregate US Consumption 

US consumption of goods is the primary driver of container volume transiting the Panama 
Canal.  From toys produced in China to bananas grown in Ecuador, US demand for goods 
is the basic driver of Canal demand.  A standard measure of this aggregate demand is US 
personal consumption expenditures, as reported by the US Bureau of Economic Analysis 
(BEA). It should be noted that demand for some product groups moving through the 
Canal are also be related to other components of US GDP, including government 
consumption and/or investment. However, to reduce the complexity of the trade forecast 
to manageable levels (including the desegregation into only 29 product groups) and to 
provide consistency in the modeling approach, the personal consumption expenditures 
measure is used as the primary explanatory variable representing economic growth.  
Possible errors are minimized in two ways: 

 Most product groups are comprised heavily of consumer products or intermediate 
products used directly in producing consumer products. 

 Personal consumption expenditures contribute about 70 percent of the value of 
GDP.26 

Personal Consumption data for 1980 through 2003 from the US BEA have been used for 
the historical analysis and DRI-WEFA (now Global Insight) forecasts prepared for the 
ACP have been used for the 2003 to 2025 forecasts. The DRI-WEFA forecasts were used 
"as is" except for a number of minor adjustments:27 

                                                 
26 Source: Personal Consumption Expenditure data published by the US Bureau of Economic Analysis 
27 First, a minor accounting adjustment was made to change the base year used for calculating real values. Second, an 
adjustment was made to bring the forecast in line with 2003 actual data.  Finally, an adjustment was made to include a 
pessimistic projection that is lower than the base case forecast in order to provide a sufficient range of variability in the 
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US real personal consumption expenditures are projected to grow from $7.1 trillion in 
2002 to $14.7 trillion in 2025, growing by a factor of 2.06 over this time period. This 
represents an average annual growth rate of 3.2 percent per year. Given that Canal traffic 
is directly related to this growth, "all else being equal," Canal traffic growth for US 
import trades would grow at this same rate over the forecast period, i.e., more than 
doubling from 2002 to 2025. 

Consumption is projected to grow at a much faster rate than increases in the US 
population (Exhibit A-6).  Population is projected to increase from 279 million in 2002 to 
335 million in 2025, a total increase of 20 percent and an average annual growth rate of 
0.8 percent. With consumption growing four times faster than population growth (3.2 vs. 
0.8 percent), real consumption will increase from $23,000 per capita in 2002 to $40,000 
in 2025. In per capita terms, US real consumption will increase by 73 percent over the 
forecast time horizon. With significantly increasing consumption, US consumption 
patterns may continue to expand in line with recent trends, increasing spending on 
“discretionary” durable goods categories and relatively reducing spending on food and 
energy-related goods and services. 

Exhibit A-6 
Indexed Real Consumption versus Population Growth  
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                            Source: Mercer analysis of DRI-WEFA forecast data. 

Changing US Consumption Patterns 

Aggregate US consumption alone to explain Canal demand does not take into account 
that different consumption categories have grown at vastly different rates, and that such 
variations in growth will likely continue into the future. To the extent that the Canal is 

                                                                                                                                                  

subsequent scenario analysis.   This projection is not based on any economic analysis or forecast and has only been 
included to provide some variation below the base forecast for sensitivity analysis. 
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used to transport goods that have higher growth rates than consumption as a whole, Canal 
traffic will also increase at a greater rate. 

For example, consumption of furniture has grown at a faster rate than personal 
consumption as a whole, increasing from 0.84 percent of total consumption in 1992 to 
1.02 percent in 2002, an increase of 21 percent over the 10-year period (Exhibit A-7). 
Given that a substantial portion of Canal traffic is furniture imported into the US, the 
Canal has benefited from this higher-than-average product consumption growth rate.  

Exhibit A-7 
Furniture: Percent Share of Total US Consumption 
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Source Mercer analysis of Personal Consumption Expenditure data published by the US 
Bureau of Economic Analysis. 

For each of the 29 product groups, the product has been compared to the most closely 
related BEA consumption category and, for each relevant consumption category, its share 
of aggregate consumption has been calculated for the period 1989 to 2002 and is 
projected forward based on historical time trends.  

In general, products imported into the US, particularly from Northeast Asia, have had 
relatively high consumption growth rates, and Canal traffic has therefore grown faster 
than would otherwise be indicated by growth in personal consumption.  

Import Propensity 

The third major driver affecting trade is import propensity, that is, the share that imports 
represent of consumption. With imports historically making up an increasing share of 
consumption, both aggregate trade and the Canal's potential traffic have increased. 
However, the level of import propensities, and increases in such propensities, vary 
significantly by product group, and wide variations are projected to continue through the 
forecast horizon. 
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For most products, import shares of personal consumption have, in fact, increased. The 
question is, how much will this trend continue through the forecast period. In some 
product categories, there can be little further increase, because most consumption is made 
up of imports. For many other categories, there is still the possibility of significant 
increases. 

For example, in the case of furniture, imports of furniture represented 13 percent of total 
consumption in 1990, and this share more than doubled to 30 percent in 2002 as shown in 
Exhibit A-8 below.  This type of analysis is typical for all of the 29 product groups 
analyzed. 

 

Exhibit A-8 

Furniture: Import Share of US Personal Consumption 
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Source: Mercer analysis of Personal Consumption Expenditures, US Bureau of Economic 
Analysis, US Waterborne Commerce Statistics, US Maritime Administration, US Imports of 
Merchandise, US Census Bureau and the US International Trade Commission. 

Import shares for each product category were examined by comparing total imports with 
total consumption. Total imports are derived from two sets of data. For waterborne trade, 
import values are taken from US Waterborne Commerce statistics. For imports from 
Canada and Mexico (most of which is transported via truck and/or rail), total import 
values are derived from US import trade statistics.  

Import shares have been projected into the future using extensions of time trends series. 
Imports were analyzed for each of the 29 product groups.28  For each group, the 
                                                 
28 The 29 product categories used are: Food; Plastics; Rubber; Leather; Wood; Paper & paperboard; Manmade textiles; 
Apparel; Footwear; Stone, plaster & cement products; Glass products; Ceramics; Aluminum products; Appliances; 
Computers & Office machinery; Other Machinery; Consumer Electronics; Other Electrical machinery; Vehicle parts & 
accessories; Motorcycles, bicycles & parts; Furniture; Lighting; Toys, dolls & games; Festive products; Physical 



Panama Canal Market Demand Forecast Appendixes         

Mercer Management Consulting A-21

propensity to import the product has been projected forward based on simple time trends, 
relying on regressions that show a high level of statistical significance, and that the 
percentage of goods imported is increasing. For intermediate products or those that cross 
many personal consumption categories, the propensity to import is based on that product's 
share of total consumption. 

Based on the above analysis, total real US imports of goods (excluding energy related 
products and vehicles) is projected to increase from $955 billion in 2002 to $2,735 billion 
in 2025, an overall growth factor of 2.70 over this time period (compared to the growth 
factor for total consumption of 2.06).  Compared to total consumption, real US imports 
are projected to increase significantly, from 13 percent of consumption in 2002 to 19 
percent in 2025 (Exhibit A-9).29   

Exhibit A-9 
Aggregate US Imports as a Share of US Consumption 
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Source: Mercer analysis. 

Country Shares of US Imports 

The fourth major driver of Canal traffic is the share of US imports that are exported by 
individual countries and regions. Which countries supply demand is very important in 
determining Canal demand. If US imports are provided by countries that do not use the 
Canal to export products to the US, then the Canal’s demand is minimized. On the other 
hand, if US import demands are met by countries that tend to use the Canal for exports, 
potential Canal demand is increased. An analysis of the country supply relationships was 

                                                                                                                                                  

exercise equipment; Other Bulk; and Other High Value products. 
 
29 In comparison, the DRI-WEFA base forecast projects that imports of all goods and services will increase from 24 
percent of consumption in 2002 to 41 percent in 2025. The projected increase in containerized imports is thus 
reasonably consistent with the DRI-WEFA macroeconomic forecasts and within a range that would be expected. 
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done for each of the 29 product groups, and the patterns of historic trade shares vary 
widely by product group. In some product groups such as toys or footwear, China's share 
is very high and has been so for many years. In other product groups such as plastics or 
wood products, Canada and Mexico have a dominant market position.  For product 
groups such as apparel or furniture (shown below) the market shares are much more 
dynamic (often with increasing shares for China).   

For this analysis, the container trade forecast was disaggregated into six geographic 
regions: Canada/Mexico, Northeast Asia, Southeast Asia, West Coast South America, 
Europe, and Other.30 

 Northeast Asia: Given the size and importance of Northeast Asian exports to the US, 
and the significant changes in market shares of individual countries within this region, 
the country detail is maintained for this region. China, in particular, has provided an 
increasing share of exports to the US, while the share of other Northeast Asian 
countries has declined. Therefore, to adequately capture these dynamics, trade detail 
is analyzed for Hong Kong, Taiwan, Japan and South Korea.  Most goods imported 
from Northeast Asia have the potential to be routed through the Canal, so an increase 
in imports from that region will tend to increase Pacific to Atlantic traffic. This is 
even more the case for imports from the West Coast of South America, most of which 
enter the US through the East Coast.  

 Canada and Mexico: Canada and Mexico are analyzed because of their significant 
shares of US trade. Virtually all of the containerized cargo imported from these 
countries into the US is shipped via rail and truck, with no potential for Panama Canal 
services. However, changes in their US market shares directly affect the aggregate 
potential for Canal traffic. For example, if Mexico loses market share to China or 
another Northeast Asia country, the entire difference increases the Panama Canal's 
market demand, because goods imported from Mexico and likely shipped in by truck 
or rail would shift to container ships transiting the Canal from Northeast Asia. 
Conversely, if Canada/Mexico increase their share of US imports, all else being equal, 
Canal traffic would decrease. 

 Other aggregate regions: Europe was analyzed as a separate region because of its 
importance as a source of US imports and its share of Panama Canal traffic (second 
only to Northeast Asia); The West Coast of South America is likewise analyzed as a 
separate region.  Changes to import shares from Europe directly affect Canal traffic 
from the Atlantic to the Pacific.  

An example of the impact of country share on imports can be seen in Exhibit A-10 below 
for furniture. From 1990 to 1996, Canada/Mexico (primarily Mexico), China and 
                                                 
30 It should be noted that these regional definitions are generally consistent with the regional definitions used in the 
report prepared by the Louis Berger report and in the supporting data and forecasts from PIERS but differ from the ACP 
regional definitions. Northeast Asia includes China, Hong Kong, Taiwan, Japan and South Korea. Southeast Asia 
includes the ASEAN countries. 
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Southeast Asia all experienced increases in US market share, all at the expense of 
Taiwan. However, from 1997 to 2002, only China continued to increase market share.  
Taiwan's share continued to decline while Canada/Mexico and Southeast Asia's shares 
also began to decline from their 1996-1997 peaks.  The impact of this latter trend, by 
shifting furniture imports from Canada/Mexico to China, would be to increase Canal 
volumes. 

Exhibit A-10 
Furniture: Country Shares of US Imports 
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Sources: Mercer analysis of US Waterborne Commerce Statistics, US Maritime Administration, US Imports of 
Merchandise, US Census Bureau and the US International Trade Commission. 
 

For this step, historic country shares were computed from import data and projected based 
on simple time trends. Import data was calculated from US Waterborne Commerce 
Statistics from the US Maritime Administration and from US Imports of Merchandise 
Trade data published by the US Census Bureau. This data was converted to real US 
imports by applying price indices for each product as published by the US Bureau of 
Economic Analysis. The ratio of real imports thus calculated with the consumption as 
reported by the US Bureau of Economic Analysis provided an historical view of imports 
shares for each country. These shares were projected forward based on simple time trend 
regressions, most of which have high statistical reliability. Applying the country shares 
derived through this process to US import projections for each product yields the total 
real dollar imports from each country. These forecasts were then aggregated across all 
product groups with the following results, as shown in Exhibits A-11 and A-12 below: 

 Canada/Mexico:  Imports from Canada and Mexico are projected to decrease from 30 
percent of total value in 2002 to 27 percent in 2025. This trend boosts potential traffic 
for the Canal. 
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 Northeast Asia: US imports from Northeast Asia are projected to increase a total of 3 
percent from 2002 to 2025, rising from 25 percent in 2002 to 28 percent in 2025. 
However, the increases for countries within the Northeast Asia region will be far from 
uniform (Exhibit A-10). China's share will increase from 11 percent to 16 percent 
over this time period, while shares for Hong Kong, Taiwan, Japan and South Korea 
will drop from a total of 14 percent in 2002 to 12 percent in 2025. 

 Southeast Asia: The share of US imports from Southeast Asia is projected to increase, 
from 4 percent in 2002 to 6 percent in 2025. 

 Europe: The decline in imports from Europe is expected to be similar to the declines 
from Canada/Mexico, dropping from 10 percent to 8 percent over the forecast period. 

 West Coast of South America: Overall imports from the West Coast of South 
America are quite small in comparison to those of other regions, at about 1/5 of 1 
percent of total import value and this share is projected to remain stable over the 
forecast time period. 

 Other: Imports from other regions are projected to remain relatively stable at 7 
percent over the forecast horizon. 

Exhibit A-11 
Shares of US Imports, 2002-2025  
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Exhibit A-12 
Northeast Asia Shares of US Imports 
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                           Source: Mercer analysis. 

Cargo Distribution 
 
The attractiveness of the Panama Canal in different trade routes is also importantly 
related to the final US destination of the cargo, given the large inland distances involved 
and the attendant supply chain cost and time.  After analyzing and forecasting the total 
potential demand relevant to the Canal based on US import demand, there are two 
additional analyses necessary to determining what cargo could be routed through the 
Canal. The first analysis consists of analyzing where the demand is located by region 
within the US. The second analysis consist of developing a distribution within the US by 
product value, since product value – as will be shown in the following section – is an 
important factor in the routing decisions made by shippers.  
 
The allocation of US import demand is closely related to US population distributions.  
For this analysis, the US was divided into five regions as shown in Exhibit A-13 below. 
This regional split is based on the definitions used by Intermodal Association of North 
America (IANA). 
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Exhibit A-13 
US Regions for Distribution Analysis 

 

 
 

A simple approach was taken in this analysis. Given that demand is largely based on US 
Personal Consumption, demand for products are projected by region in proportion to state 
populations. For projections into future years, forecasts for state population from the US 
Census Bureau were used.  As shown in Exhibit A-14, the Census Bureau projects that 
the Northeast and North Central regions will continue to decline in share of total US 
population and that the Southeast and Western regions will increase shares through 2025.  
This regional distribution of demand has been carried out for each of the three major trade 
lanes (NE Asia, SE Asia, and Europe to the US). 

Exhibit A-14 
US Population Shifts (Percent of Total US Population) 
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Source: Mercer analysis US Census Bureau forecasts, 2003 

The last step in analyzing demand is to determine the distribution of products by value 
(dollars per kilogram) that will be imported by each US region. This step is important 
because the choice of route depends in part on the product value (a later section on route 
choice reviews this analysis in detail). 31 Since it is not realistic to analyze the trade and 
route choice data at the individual commodity level of detail, the historic 2002 product 
value distribution has been analyzed by taking each of the detailed commodities and 
categorizing these values into 11 product value groups, for each of the 29 product groups 
analyzed, and for each major world export region (exporting to US).32  These product 
distributions are then summed to provide a relatively complete aggregate product value 
distribution.  This distribution is assumed to be the same for all five US regions 
(Northeast, Southeast, North Central, South Central, and West). 33 

The result of this analysis is a distribution, by product value category, US region, and 
major world exporter region, of total TEUs being imported into the US.  This detailed set 
of trade data is the basis for the route allocation model, which determines what route will 
likely be used to import products for each US importing region and world exporting 
region. 

Trade Demand Forecast 

The first step in the Panama Canal’s trade demand forecast is to project total potential 
demand. This demand forecast includes TEUs that are projected to be imported by the US 
from all importing countries.  The Canal’s traffic depends on a variety of other factors 
that determine how much traffic actually transits the Canal. 

Total US import TEUs are projected to almost triple, from 12.6 million in 2002 to 36.8 
million in 2025, an increase of 191 percent (Exhibit A-15). 

 Northeast Asia: Imports from Northeast Asia represented about half of total imports in 
2002, and are projected to increase from 6.3 million TEUs to 20.7 million TEU in 
2025, an increase of 227 percent.  

                                                 
31 Product value is defined in terms of $/Kg, that is the dollar value of the product per unit weight, derived by dividing 
the total dollar value by the total shipping weight. The Waterborne Commerce Statistics data includes detail for 
containerized cargo and this value is used for the analysis. 

32 Individual product groups may include hundreds of 6-digit HS codes (making up thousands of individual 
commodities).   
33 The historic value distribution for the individual HS commodities is assumed to continue into the future. However, 
changes in the relative growth of the individual products (over the forecast period) that compose the aggregate, and the 
changes in US population that would cause the distribution to change over time have been examined in the forecast 
analysis. 
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 Southeast Asia: Imports from Southeast Asia represented about 10 percent of total US 
imports in 2002 at 1.3 million TEUs. Imports are projected to increase by 189 percent 
over the forecast period, matching the average increase for US imports, and reach 3.6 
million TEUs in 2025.  

 West Coast of South America: Import TEUs from the West Coast of South America 
represent a small 2 percent of the US total and are projected to increase from 0.3 
million in 2002 to 0.8 million in 2025, a 204 percent increase. 

 Europe: European exports to the US comprised a significant 18 percent of US imports 
in 2002 at 2.3 million TEUs. However, growth in TEU imports from Europe is 
projected to be significantly less than from other regions. TEU imports are projected 
to grow 137 percent from 2002 to 2025, to 5.4 million TEUs, and Europe's share of 
US imports are projected to drop from 18 percent to 15 percent. 

 Other regions: US imports from all other countries are slightly higher than the 
European total and are also projected grow at a slower than average rate. Import 
TEUs are projected to increase from 2.5 to 6.2 million TEUs over the forecast period. 

Exhibit A-15 
Total US Imports, 2002 to 2025 
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Source: Mercer analysis. 
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5.  Route Allocation 

The route allocation process for containerized cargo is extraordinarily complex.   The 
Canal competes in a complex environment where shippers and consignees have a number 
of options in addition to use of the Canal to reduce transportation costs, including seeking 
alternate sources of supply, changing transport modes, or selecting alternate routes based 
on the specifics of required journey time, total transport costs, and cargo value.  Thus, the 
Canal is just one of many options for the shippers. 

Among the competitors for the Panama Canal, the most direct and least complex form of 
competition is from alternative water routes that present options to carriers for moving the 
same goods between the same two points.  These include the Suez Canal that, like the 
Panama Canal, offers a shortcut on some of the world’s largest trade routes, and the sea 
lanes around Cape Horn and Cape of Good Hope.  At the next level of complexity are 
combinations of modes and sea lanes that offer alternative routing of goods between the 
same two points – mostly the ocean-rail combination for containers from Asia to the US. 
The route allocation process for containerized cargo is extraordinarily complex.   

The movement of goods from origin to final destination may involve many possible 
physical transfers of cargo, including the initial shipment of goods, consolidation of 
goods into containers, shipment of containers to regional transshipment hubs, shipment of 
the container on the primary ocean leg, transfer of containers at a destination 
transshipment hub, transloading of goods for distribution, transfer of containers to 
intermodal carriers, transfers of containers between rail carriers, and transfer of containers 
for final delivery (e.g., to trucks).    

For example, there are three primary routing options of a typical delivery of retail 
products bound for the Northeast US from Northeast Asia – via an all-water route through 
the Panama Canal to a US East Coast Port, via an all-water route through the Suez Canal, 
also to a US East Coast port, and via a US West Coast port, with transshipment to rail to 
the US East Coast.  In any of these options, the decision is influenced – among other 
factors by: 

 Whether the container is to be delivered directly to the final destination - likely the 
distribution of the customer – or whether its contents are removed and commingled 
with other products in a domestic container bound for the same distribution center. 

 Whether the customer relies on its own infrastructure and transportation contracts, or 
whether it relies on those of a third-party such as a logistics provider. 

 Whether the importer or exporter, or even a third party, is making the decision – 
considering the overall volume of cargo and its primary routes and contracts. 

The importance and relevance of the Panama Canal in influencing customers’ route 
choice decisions varies depending on the origin and destination, the type of cargo, and 
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these complex supply chain factors. 

Routes Competitive with the Panama Canal 

The Panama Canal has two principal competitors for US-based trade routes; the Suez 
Canal and US intermodal services. However, whether either of these competitors is 
relevant depends on the specific trade route.  For other trade routes relevant to the 
Panama Canal there is no realistic alternative to the Canal and these routes are "captive". 
Exhibit A-16 below displays the principal competition for each of the primary trade 
routes. 

 US intermodal is competitive for Asia and Europe to US trade flows as traffic can be 
routed to either West Coast ports (from Asia) or East Coast ports (from Europe) and 
then railed or trucked inland. The US Intermodal system currently captures a major 
share of the US import movements, and thus represents the strongest competitor to the 
Canal.  For example, based on 2002 Waterborne Commerce Statistics data, close to 80 
percent of the Asian exports to US are routed through the US West Coast, of which 
approximately 50-60 percent is Eastbound, based on the consumption patterns on the 
West Coast and rail movements reported by IANA.  This means the intermodal 
system currently captures almost three-fourths of the inland traffic.  

 The Suez is competitive for Asia to US trade flows for traffic that mainly originates in 
SE Asia.  With Singapore serving as a major transshipment point in SE Asia, the Suez 
becomes a strong lower cost alternative competing alongside the Panama Canal with 
the US Intermodal system.   

 “Captive” traffic includes trade flows for which alternative routes would be much 
more expensive and/or time consuming than a Canal transit.  These include small 
container flows between the US and South America and intra Central and South 
America.  These “captive” trades are relatively small, although in aggregate they 
account for approximately 25 percent of Canal container traffic. 
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Exhibit A-16 
Panama Canal Competitors for Container Trade34 

 

  2002 TEUs  (millions) Competitive Routes  

 Trade Lane Total Canal Intermodal Suez Captive 

1 NE Asia to USA 6.3 1.3 X X  

2 SE Asia to USA 1.3 0.1 X X  

3 USA to Oceania 0.2 0.1   X 

4 USA to ECSA 0.4 0.1   X 

5 WCSA to USA 0.3 0.2   X 

6 Europe to USA 2.3 0.3 X   

7 WCSA to Carib. 0.0 0.0   X 

8 NE Asia to ECSA 0.1 0.0   X 

9 Europe to WCSA 0.2 0.2   X 

10 ECSA to WCSA 0.1 0.0   X 

11 Asia to NCSA 0.0 0.0   X 

12 Asia to WCSA 0.2 0.0   X 

 Total 11.4 2.3    
 
Source: Mercer analysis of ACP data. 

In order to focus on traffic demand that is most relevant to the Panama Canal, Mercer 
developed detailed analyses and forecasts for the four US inbound trade routes.  For the 
remaining trade routes, the trade analysis and forecasts prepared by the Louis Berger 
report were used as the starting point.  The impact of Canal service changes on these 
remaining trade routes is captured by applying the relative changes in the Europe to US 
trade route.   

Asia-US Eastbound Route Options 

Asian exports to the US comprise the world’s largest trade lane, and there are three 
competitive routes for this traffic. One principal route is the all-water alternative through 
the Panama Canal.  The second alternative, and the Panama Canal's primary competition, 
is transportation via water to US West Coast ports with connections to the US intermodal 
system, especially the principal West Coast railroads carrying cargo from the West Coast 
ports to inland destinations and transfer points. The intermodal route alternative to the 
Panama Canal applies primarily to cargo flowing from the countries of China, Hong 

                                                 
34 The total in this table includes all trade on the route, independent of whether it is relevant to the Canal or not.  There is no reliable 
data source that provides the relevant trade share.  Mercer derived relevant trade share based on population shares, as detailed earlier in 
in the document [Exhibit A-14].  Among the 5 US regions identified, for Eastbound trade, US West was considered irrelevant; and for 
Westbound trade, US West was the only region considered relevant. 
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Kong, Taiwan, Korea and Japan to the Eastern/Midwest US states. This alternative is in 
fact a collection of alternatives within a complex system of ports, railroads, intermodal 
connections, and transfers to further distribution networks. 

West Coast Ports 

The three primary West Coast port groups are San Pedro Bay (Los Angeles/Long Beach), 
Oakland, and Puget Sound (Seattle and Tacoma). Together, these three port groups 
accounted for 47 percent of total containerized cargo tons imported into the US in 2002, 
effectively accounting for almost the West Coast’s entire share of total imports. Imports 
through all other West Coast ports (such as Portland) represented only another 1 percent 
of the 2002 total.35 

As shown in Exhibit A-17, these three ports gained US import market share rapidly from 
1990 to 1993. However, the shares of Oakland and Seattle-Tacoma have both declined in 
the last 10 years. Meanwhile, volumes and market share grew dramatically at LA/Long 
Beach during the mid-1990s, leading to a significant concentration of imports through 
those two ports in 2002. 

The principal West Coast ports are particularly important in the rapidly growing 
Northeast Asia trade. In aggregate, over 80 percent of Northeast Asian trade has been 
imported through these ports during most of the last decade. This share has slipped below 
80 percent only recently, in 2002. LA/Long Beach are by far the leading ports in this 
trade, with a 61 percent market share, up from 50 percent level in the early 1990s (Exhibit 
A-18). Thus the US intermodal route is increasingly becoming a Los Angeles based route.  

                                                 
35 Source US Waterborne Commerce Statistics 
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Exhibit A-17 
Principal West Coast Port Shares of Total US Containerized Import Tons 
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                          Source: Mercer analysis of US Waterborne Commerce Statistics, US Maritime Administration. 

Exhibit A-18 
Principal West Coast Port Shares of US Containerized Import Tons 
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                          Source: Mercer analysis of US Waterborne Commerce Statistics, US Maritime Administration. 

Traffic is shifting to LA/LB because of the large local market in Southern California, the 
closeness of LA to the major Midwest destination of Chicago (versus Oakland), and the 
greater physical constraints on other West Coast ports, particularly Oakland and the Puget 
Sound ports.  West Coast ports also have development plans in place to expand 
throughput to several times the current levels. In particular, LA/Long Beach is embarked 
on plans to develop mega-terminals to expand capacity and make cargo transfer more 
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productive. Given its historic gains in market share and the projected demands, the 
question is how well it can keep pace with these demands.  

While the West Coast ports shift a major share of US imports from Asia, they do face 
potential risks that could decrease their competitiveness vis-à-vis other routing options, 
including the Canal. In particular, increasing concentration of trade through LA/LB puts 
those ports under pressure to expand at a pace sufficient to handle future volume 
increases. In addition, rapidly growing volumes, coupled with an increased concentration 
of these volumes, may increase the likelihood of peak congestion. Finally, a concentration 
of trade passing through a single area increases the risks that interruptions due to labor 
issues or physical disasters will have very large negative impacts on the flow of goods 
through that area.  Over time, lags in port and other infrastructure development, increased 
highway congestion and an increase in perceived risks may lead to longer transit times, 
higher costs, and greater unreliability of service on the intermodal route alternative, 
leading to some traffic diversion eastbound through the Canal. 

West Coast Railroads 

The Burlington Northern Santa Fe (BNSF) and Union Pacific Railroad (UP) provide 
eastbound intermodal service in the United States, while Canadian National (CN) and 
Canadian Pacific (CP) provide such service in Canada. 

Both the BNSF and UP have large direct services stop at the Mississippi River; at that 
point, containers must be transferred to other railroads' services (i.e., the CSX or Norfolk 
Southern) to complete the cargo shipment. This is one of the principal bottlenecks in the 
US intermodal network and it is particularly problematic in Chicago, where transfers of 
containers by truck still occurs, although there is a significant level of current investment 
to alleviate this congestion in the future.  These types of investments are typical of those 
made in transportation infrastructure to overcome both capacity constraints and emerging 
bottlenecks, and this pattern of continuous investment is expected to continue into the 
future. 

Suez Canal 

The Suez Canal is an important competitor to the Panama Canal because it provides an 
all-water alternative for cargo bound for the US, in particular to the East Coast.  The 
attractiveness of the Suez Canal is currently limited for cargo originating in North East 
Asia – because of the substantial incremental distance and time involved relative to the 
Panama Canal route– but it is very attractive for South East Asia and Indian subcontinent 
cargo, where it enjoys a dominant share of the traffic bound for the US East Coast.   

Although the difference in distance for North East Asia to US East Coast cargo is at 
present substantial and the Suez Canal’s share of this traffic is small, the increasing 
deployment of large post-Panamax vessels on Suez routes - with their higher service 
speeds - is reducing the difference in transit time to approximately three days, and hence 
could begin to attract less time-sensitive and lower-value cargo, particularly if significant 
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differences in voyage costs emerge due to Canal pricing.  In addition, because many 
shipping lines currently deploy substantial services linking Asia to Europe, the 
opportunity to develop US East Coast extensions to the traditional Asia-Europe services 
is feasible, which could shift cargo relatively quickly between the Panama and Suez 
Canals in response to service or pricing issues. 

Methodology Overview 

The trade forecast dealt with estimating the amount of potential trade that is relevant to 
the Panama Canal – trade that is either currently flowing or could potentially flow 
through the Canal.  The next step in the analysis involved determining what portion of 
this trade could be expected to actually transit the Canal.   

From a shipper's perspective, routing is a complex decision-making process that involves 
a number of factors such as a realistic comparison of the feasible alternatives, 
incorporation of constraints both from a supply and demand perspective, and established 
relationships with carriers and liner services.  There is added complexity due to supply 
chain constraints driven by existing distribution networks.  All of these factors need to be 
considered in order to accurately capture the decision-making process for container 
routing.  

 To develop a realistic representation of the current situation that can then be used to 
simulate a wide variety of future scenarios requires a thorough understanding of the 
dynamics within this complex framework. Understanding the current framework is made 
more complex by the fact that the real drivers of these decisions are not always 
measurable, or in fact, available for analysis.  In addition, for the factors that are 
measurable, the lag time between the economic drivers of decisions and actions based on 
these changes makes it difficult to decipher the real impact of any changes.  

A top-down approach was employed to understanding and capturing this complex 
decision-making process by breaking down the drivers of routing and evaluating and 
capturing their impact from both a qualitative and a quantitative perspective. The route 
choice forecast determines the share of trade demand that will transit via the Panama 
Canal and alternative routes.  The forecast is developed through a route allocation 
analysis that has two primary objectives: 

 Understand the impact of various factors affecting container routing on projections of 
Canal container trade demand. 

 Provide forecasts of how the Canal's potential container trade is routed, and what 
shares are carried by the Panama Canal, the US intermodal system, and the Suez 
Canal. 

The methodology applied for route allocation analysis has four underlying guiding 
principles: 
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 A focus on trade routes critical to the Panama Canal: The container route allocation 
analysis focuses on the same critical routes as the container trade analysis, with one 
exception. Trade from the West Coast of South America to the US, the majority of 
which is routed through the East Coast ports, is treated as captive to the Panama 
Canal. Therefore, the focus of the route allocation analysis is on three trade routes: to 
the US from Northeast Asia, Southeast Asia, and Europe. 

 An understanding and incorporation of effects of tangible explanatory factors: The 
analysis focuses on three explanatory variables that represent the fundamental drivers 
of route choice: product value, transit time, and transportation costs. The impact of 
these drivers on Panama Canal share is explicitly captured in the analysis. 

 Adjustments for "real "world" variables that are intangible:  Complex routing 
decisions and behavior cannot be captured completely by using the aforementioned 
simple variables. This is because there may be other factors that are not easily 
measurable and hence, not observed or captured in any available data sources. 
Therefore, after accounting for the impact of the measurable factors, proper 
adjustments are made through a calibration process to account for perceptual factors 
and for historic and expected supply chain constraints.  For instance, for trade 
originating in Asia, the attractiveness of the Panama Canal varies considerably based 
on the ultimate destination in the US.  The Panama Canal is much more attractive for 
goods destined to the Northeast US than to the Southeast US.  However, this 
differentiation cannot be captured in a statistical analysis, because there does are no 
reliable data that track movements from the actual origin all the way to the final 
destination. 

 Gravitation, with a lag, toward cost-minimizing routing: The Panama Canal's share of 
total relevant trade has been increasing in principal trade lanes over the past decade.  
As shippers slowly adapt their supply chains to more effectively and efficiently serve 
consumption patterns, and with increasing attention being paid to supply chain 
optimization, this trend is expected to continue over the next decade and beyond.   
The factors that affect this trend include: 

– Increasing frequency and reliability of all-water services transiting the Canal.  As 
trade has increased, the number of lines providing sufficiently frequent service has 
grown, allowing shippers to consider the Canal as an increasingly more attractive 
alternative. 

– Service disruptions on the US West Coast during the recent strike (2002), as well 
as service failures during the railroad mergers of the 1990s, have increased the 
focus on diversification of route choices.  In addition, these events reduced the 
overall comparative attractiveness of West Coast ports as their reliability 
decreased. 

– Improvements in Canal water time and reliability, reducing associated inventory 
and vessel expenses. 
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The combined effect of these factors over the past five years has been to increasingly 
make it more attractive for shippers to adjust their supply chains – resulting in substantial 
investments in East Coast port facilities, distribution centers, and transportation networks.  
This increasing attractiveness is captured as a gravitational effect towards more optimum 
routing choices. 

Route Choice Drivers 

The route choice analysis captures two primary classes of decision drivers – the first class 
is related to factors associated with costs and times and times of transportation, and the 
second is related to the effects on supply chains of the incremental investments made in 
infrastructure as trade demand grows.   

 Cost and time drivers. These drivers focus on route preferences based purely on a 
comparison of costs and times associated with alternate routes –representing the 
impact of current tangible drivers of route choice decisions.  These drivers capture the 
effects of reduced transit times such as through deployments of direct services or 
reductions in overland transit time, as well as the impact of cost changes due to the 
use of larger vessels or changes in vessel fuel costs.36  

 Supply-chain optimization drivers.  The second set of factors capture the tendency of 
the shippers and liner companies towards more optimum routing as described earlier, 
with the ultimate goal of more efficient supply-chains.  This second class of factors 
extends beyond the metrics such as costs and times and includes intangibles such as 
distribution networks, consumption patterns, and port and route constraints.  That is, 
as investments and infrastructure are put in place, there is a relative change in the 
customers’ utility of the routes beyond that observed simply through changes in 
transit times and costs.   

This section provides a detailed description of the drivers affecting route choice decisions 
that are captured in this analysis.   

Cost and Time Factors 

The cost and time factors deal with the tangible measures or determinants of route choice 
                                                 
36 Voyage costs or cost of shipping can be evaluated by using a voyage cost model or shipping market indicators. For 
forecasting purposes in this segment, where chartering is less frequent and are more closely related to financing 
decisions made by carriers than in other segments, it is better to use cost models that detail the main components of 
route costs, which vary with type of vessel, fuel prices, vessel utilization levels, cargo balance between outbound and 
inbound routes, port times, route tolls, operating expenses, capital cost, and company overhead.   The use of these 
models allows analysts to clearly understand the cost composition and to evaluate impacts due to variations of these 
drivers.  Shipping market indicators are widely used in the industry mainly for operational purposes and can be used 
appropriately for forecasting only in segments (such as in the bulk trades) where the charter market defines the cost 
characteristics of the trade.   
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decisions.  The cost factor has two components; the opportunity cost of the cargo – 
equivalent to the inventory cost of cargo - and the transit costs.  The time factor involves 
the total time of transit from origin to destination. 

Cargo Value 

Cargo value affects route decisions in that more expensive cargo is associated with a 
higher value of time and hence has a preference of shorter routes.  The basic concept is 
simple: for products of higher value, transit time is more important than transportation 
cost in deciding how to ship a product.  In international trade, the most valuable products 
are generally shipped by air to minimize transit time and thus reduce inventory costs.  

Extending this principle to cargo not shipped by air, more valuable products are 
transported by the fastest route available. For example, higher-value products imported to 
the East Coast of the US from Asia are generally shipped to West Coast ports and then 
transferred to rail and/or truck for the land-based portion of the route. This route choice 
results in a significant savings in total transit time (from 10 to 15 days, depending on 
ultimate destination) even though it is more expensive than the all-water route through the 
Panama Canal (10-40 percent higher, equivalent to approximately $100-$400 per TEU). 
For less valuable products, transportation cost becomes the more important factor and the 
route choice tends toward the less expensive (usually all-water) alternatives. 

A close look at Exhibit A-19 reveals the strength of the relationship between product 
value and route choice.  This chart plots the average value of the product against the share 
of the total weight that is imported through US East Coast ports for container movements 
in the most important trade lane for the Panama Canal:  from Northeast Asia to the US.   
As this Exhibit illustrates, higher value products have very low East Coast shares (i.e., 
they are shipped via the faster West Coast route) while lower value products have higher 
East Coast shares. 

For example, furniture is one of the largest product groups, with an average product value 
of $2.16/kg. 27.5 percent of furniture cargo was shipped through East Coast ports in 2002 
as opposed to the West Coast ports.  In contrast, only 13 percent of footwear cargo, with 
an average product value of $7.4/kg, is shipped through East Coast ports.   
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Exhibit A-19 
East Coast Share of NE Asia to US Container Movements by Value, 2002 
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Source: 2002 Waterborne Commerce data, Mercer analysis.  Each circle in the chart represents a product group, with the 
size of the circle showing the total US import weight of that product group.   

The analysis therefore includes product value as a fundamental determinant of route 
choice. This relationship between product value and route choice was analyzed for 
waterborne movements for each of major trade routes covered in the route allocation 
analysis. 

Total Transit Costs 

Transit cost minimization is always a top priority for shippers and shipping companies.  
All else being equal, the tendency is to use the least expensive route to move cargo form 
point A to point B.  Depending on the specific origin/destination pair and the potential 
routes examined, the assessment of the transit costs is made using the following 
components: 

 Voyage on water 

 Movement through Canal, on applicable routes 

 Intermodal transfer (water to rail) 

 Movement on land 

Route transit costs depend on the vessel type, based on its operational characteristics, and 
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has been examined as a weighted average of costs by the different relevant vessels on the 
trade route.37  This serves to ensure the costs are representative of actual costs incurred.  
Further, it allows the capture the impact of a changing vessel mix in the future on the net 
costs on the route – this is important, as the trend of an increasing share of Panamax 
vessels helps reduce costs of using an all-water route and thus improving its 
attractiveness.  The incremental benefits of larger vessels however decline beyond a 
certain vessel size, due the potentially lower utilization levels on larger vessels. 

The following is a description of each of the major components of transportation cost: 

Voyage cost / cost of shipping: The voyage cost represents a fundamental evaluation 
factor in deciding distribution networks and competitive transportation scenarios.  The 
voyage cost analysis developed for this study details the main components and drivers of 
route costs to provide a clear understanding of the shipping cost composition and to 
facilitate the evaluation of impacts due to variations of these drivers. The main variables 
used in the determination of the voyage costs are the following: vessel capacities, engine 
power and consumption, crew size, loading and unloading rates, vessel utilization factors 
(eastbound and westbound utilizations based on alliances and required ship schedules), 
navigation expenses, bunker costs, ship manning, insurance expenses, company overhead, 
and capital costs. 

Depending on the vessel type and the route where that vessel is deployed, these variables 
determine the cost per unit of cargo transported.  Exhibit A-20 below illustrates the 
voyage costs by route and vessel type for transit through the Panama Canal as produced 
by the analysis.  As can be seen from the table, larger ships provide for a lesser unit cost 
($/TEU) of transport, thus making it more economical to deploy larger ships, as long the 
demand is met.  However, the economies of scale start to decline as the ships get to be 
bigger than Panamax. 

Exhibit A-20 
Annual Average Vessel Operating Costs (2002) by route and vessel  

 

Handy Sub-Panamax Panamax Post-Panamax
Trade Lane 1000-1999TEU 2000-2999TEU 3000-4999TEU 5000-6499 TEU
NEAsia - USEC (New York) Via Panama $522 $503 $472 $460
SEAsia - USEC (New York) Via Panama $565 $547 $513 $500
Europe - USEC (New York) $143 $136 $129 $124

LINER ANNUAL OPERATING COSTS ($/TEU/Trip)

  

Exhibits A-21 and A-22 display analogous information for transit though Suez and the 
US West Coast based route options respectively, for comparison purposes. 

                                                 
37 The weight provided to each vessel type is based on the proportion of cargo that particular vessel type carries through 
the Canal on that trade lane.  For example, the Northeast Asia to US trade lane has a cargo mix distribution of 1 percent 
handy, 12 percent sub-Panamax and 87 percent Panamax, while the Europe to US trade lane has a cargo mix 
distribution of 2 percent handy, 27 percent sub-Panamax and 71 percent Panamax.   
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Exhibit A-21 
Annual Average Vessel Operating Costs (2002) by route and vessel 

(through Suez) 

Handy Sub-Panamax Panamax Post-Panamax
Trade Lane 1000-1999TEU 2000-2999TEU 3000-4999TEU 5000-6499 TEU
NEAsia - USEC (New York) Via Suez $623 $591 $561 $551
SEAsia - USEC (New York) Via Suez $519 $491 $469 $463
Europe - USEC (New York) $143 $136 $129 $124

LINER ANNUAL OPERATING COSTS ($/TEU/Trip)

 

 

Exhibit A-22 
Annual Average Vessel Operating Costs (2002) by route and vessel 

(through US WC) 

Handy Sub-Panamax Panamax Post-Panamax
Trade Lane 1000-1999TEU 2000-2999TEU 3000-4999TEU 5000-6499 TEU
NEAsia - USWC (Los Angeles) $251 $239 $224 $216
SEAsia - USWC (Los Angeles) $315 $302 $282 $272
Europe - USWC (Los Angeles) Via Panama $386 $373 $353 $345

LINER ANNUAL OPERATING COSTS ($/TEU/Trip)

 

The main sources of data for voyage cost were the segment studies and internationally 
recognized publications such as: 

 Cost statistics from Drewry: "Ship Operating Cost Annual Review and Forecast"  

 Bunker statistics from Bunkerworld:  "Bunkerworld Yearbook 2003" 

 Containerization International Market Analysis: World Container Census 2003 

 CI Future Supply and Demand for Container Services 2003/04 

 Vessel characteristics and specifications from Lloyds Register and worldwide 
shipyards such as Daewoo and others. 

These sources and shipping costs are well standardized and generally recognized in the 
industry. 

Intermodal cost: The US railroads in conjunction with US West Coast ports present a very 
competitive transportation alternative for Panama Canal traffic. A detailed and robust 
understanding of intermodal costs is therefore essential to understand the threat that this 
alternative represents to the Canal. An explicit treatment of the rail cost components 
facilitates the assessment of intermodal cost variability and the expected levels of 
competitiveness.  Intermodal costs used in this analysis incorporate rail transport costs, 
facility charges, lift charges, and drayage charges. 

The rail transfer cost, calculated as an average across multiple rail lines includes facility 
charges, lift charges, and drayage charges.  Transfer costs from water to rail at West 
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Coast ports are assumed to be $89 per TEU, and $70 per TEU at East Coast ports.  
Exhibit A-23 provides the Intermodal rail costs used for the analysis, for long rail 
movements.  For short movements, such as from Port of New York to within US 
Northeast, costs are calculated at the rate of 63 cents per mile. 

Exhibit A-23 
Annual Rail Costs (2002) by OD pair 

 
Origin / Destination Chicago Dallas Atlanta NewYork
Los Angeles 837 682 885 1,021
Savannah 553 357
New York 508  

 

Transport fees: Transport fees represent the specific costs incurred on particular routes.  
For example, the tolls and service charges related to a transit through the Panama Canal 
or Suez Canal, or other special voyage costs resulting from particularities of a route.  In 
analyzing and presenting route allocation alternatives for analysts, these tolls have to be 
explicitly detailed to assess their impact on route allocation. 

Total Transit Time 

The second major factor in determining the cast of transport on competing routing 
choices is the total transit time.  All else being equal, the preference is for shorter and less 
expensive routes. However, invariably, there is no single route that is both shorter and 
cheaper, and hence the decision hinges on a trade-off between times and costs.  The ease 
of transport on a trade route should therefore be measured both in terms of transit cost and 
transit time.  As with transit costs, transit time is composed of three main components – 
voyage time, intermodal time, and the Canal transit time.   

Similar to transit costs, the transit time on the route is obtained as a weighted average of 
transit times by various relevant vessels on the trade route.  The weight provided to each 
vessel type is based on the proportion of cargo that particular vessel type carries through 
the Canal on that trade lane – as used in the fleet allocation model.  The following is a 
description of each of the major components of transit time: 

 Voyage time: Analogous to the voyage costs, the voyage time captures the time it 
takes to move a container on water from the origin port to the destination port.  
Voyage time is derived as a function of the vessel type that determines the vessel 
speed, the trade route (distance in nautical miles), and the number of port calls made. 

 Intermodal time: Intermodal time represents the time spent on rail to transfer 
containers from US destination ports to their inland destinations, as well as the time it 
takes to move containers from ships into railcars to facilitate this intermodal 
movement. 

 Canal time: This time component captures the service characteristics of Panama Canal 



Panama Canal Market Demand Forecast Appendixes         

Mercer Management Consulting A-43

in detail and those of the Suez and the US intermodal system in aggregate.  Canal 
time is captured as a combination of Canal Waters Time (CWT) and Canal Wait time.  
In addition, distinction is made between the service provided to vessels that use the 
booking system and those that do not.  This distinction is captured through differences 
in Canal Wait time.  Base case values for these services include a 24 hour transit time 
for booked vessels (14 hour CWT plus a 10 hour wait), and a 48 hour transit time for 
unbooked vessels (14 hour CWT plus a 34 hour wait).  Since we analyze aggregate or 
average movements, the net Canal transit time is a weighted average of the times for 
booked and unbooked vessels, derived using the relative percentage of booked 
container vessels (74 percent in 2002). 

 Reliability:  The reliability of a route is a major determining factor in route choice 
decisions.  A transit that has a short transit time with a large potential variability 
associated with factors beyond its control can be equally unattractive as a transit with 
a long transit time with a no or little potential variability.  In addition, as supply chain 
characteristics change over time, the providers of transit services work toward 
reducing the variability associated with these routes to make them more attractive and 
competitive. The route choice dynamics captured in the analysis reflect such potential 
variability and the impact of changes on future route choice decisions. 

Each of the alternate routes considered on a trade lane has an associated reliability 
factor in terms of the variability associated with promised transit time.  This can be 
thought of the additional transit time that shippers have to account for to ensure 
smooth supply chain operations.  The impact of this reliability factor is also 
differentially applied to different product groups, based on the fact that low-value and 
non-critical products tend to perceive such reliability issues in a lesser light than 
higher-value products. 

Supply Chain Optimization trends 

There have been considerable changes in route preferences on the major container trade 
lanes over the past decade, with an evidence of an increasingly important role of the 
Panama Canal.  The all-water services have taken share from the US Intermodal system, 
as supply chains evolve to meet the consumption trends in the most efficient manner. 

Exhibit A-24 shows the share of the all-water route on the NE Asia to US trade lane from 
1994 to 2002.  Over this period spanning 9 years, the level of service on the Panama 
Canal route has improved considerably; service factors that affect this trend include: 

1.  Increasing frequency and reliability of all-water services transiting the Canal.  As trade 
has increased, the number of lines providing sufficiently frequent service has grown, 
allowing shippers to consider the Canal as an increasingly more attractive alternative. 

2.  Improvements in Canal water time and reliability, reducing associated inventory and 
vessel expenses. 
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3.  In addition, service disruptions on the US West Coast during the recent strike (2002), 
as well as service failures during the railroad mergers of the 1990s, have increased the 
focus on diversification of route choices.  These events reduced the overall 
comparative attractiveness of West Coast ports as their reliability decreased. 

Exhibit A-24  
All-Water Share of NE Asia to US Container Trade 
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                       Source: US Waterborne Commerce Statistics, Mercer analysis. 

While improvements in service levels help provide some justification to the increasing 
preference for all-water services, they do not explain all the differences.  There is in 
addition a long-term effect, due to the lower cost of transportation via the Canal to the 
East Coast of North America and the upper Midwest – including accounting for the 
inventory costs associated with the longer transit time - that has fueled demand for service 
directly from the US East Coast.  This additional demand, however, has been met 
gradually through investments in the distribution networks originating in the US East 
Coast – including substantial investments in ports and distribution centers.  This trend 
toward improving the supply chain over the past decade, driven primarily by the need to 
reduce costs and improve margins, has produced an increase in the all-water share from 
about 17.5 percent to about 21 percent in 2002, and there are indications from initial 2003 
and 2004 results are that the trend is accelerating. 

While it is highly likely for these short-term trends to continue over the forecast period, 
the extent of change driven by these trends cannot be captured deterministically.  In 
addition, these trends are correlated to the service levels provided by the Canal.  The 
optimization moves tend to focus on the routes that help in reducing overall costs, at the 
same time strengthening and stabilizing the supply chain.  If the relative Canal 
attractiveness deteriorates compared to its alternatives, then the trend will gyrate towards 
an advantageous position for the Canal competitors.  As a result, the trend effects cannot 
be treated independent of the Canal service changes over the forecast period.   
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The trends analysis approach involves a multi-step process that uses the concept of 
theoretical maximum share the Canal can expect under an ideal route choice decision-
making behavior, assuming that shippers choose the least net-cost alternative to transport 
goods.  In an ideal market environment, it is reasonable to assume that the shippers 
always choose the optimal route to transport the goods, minimizing the net cost of each 
unit transported.  This takes into consideration the time and cost savings on competing 
alternate routes, as well as the value of the products being shipped.  Such decision-
making assumes that there are no significant supply chain constraints, and as such the 
routing decisions are purely cost-based.  However, in reality, non-cost based criteria are at 
least as important in such decisions as cost based criteria.  Therefore, at a particular point 
in time, only a certain portion of the theoretical maximum is achieved.  For example, in 
the NE Asia to the US trade lane, based on cost considerations alone, the Canal can 
expect to have a 54.7% market share, with the remaining completely allocated to the US 
Intermodal system.  In reality, the Canal has a 20.3% market share, which is only about 
37% of the theoretical maximum. 

Over the past decade, with an increasing focus on optimizing the supply chain and 
minimizing costs, Mercer believes that there has been an increase in the share of 
theoretical maximum that the Canal can achieve.  This is supported by the fact that the 
service changes alone do not explain the gain in Canal share.  In addition, based on 
historical share changes, and a detailed analysis of container commodity movements 
through the Canal (2002 US Waterborne Commerce), the service based changes are able 
to explain about half of the observed variation in Canal share.  The route allocation 
analysis already captures the direct impact of service changes.   

It is estimated the tendency to improve supply chains will result in the Canal’s ability to 
capture close to 50% of the theoretical maximum market share (termed as target 
maximum).  If such is the case, for example, in 2002, the Canal would have had a 27.3% 
target market share.  However, such changes do not occur instantaneously, that is, as soon 
as service improvements are made; but will take a long time as shippers make necessary 
changes, and liner companies provide services to accommodate the changes in routing 
decisions.   The analysis therefore assumes that there is a 10 year lag period to achieve the 
target maximum once the service changes take effect. 

Given the target maximum over a 10 year period, the speed at which shippers react to 
service changes within the 10 year period is hard to predict, and is therefore captured 
through three scenarios, each with an associated expected probability.  In the base case, it 
is assumed that about 80% of the trend effect is achieved within 5 years; in an optimistic 
scenario, almost 90% of the trend is achieved within 5 years; and in a pessimistic 
scenario, only about 40% of the trend is achieved within 5 years. 

These trend effects and scenarios are applied explicitly in the analysis for trades from NE 
Asia.  For the SE Asia to US and Europe to US WC trades, the relative change in Canal 
shares in the NE Asia market segment due to service improvement or deterioration is 
applied for simplicity. 
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Route Allocation Analysis 

The route choice analysis predicts the share of various alternative routing options on a 
trade lane based on the relative utility of the routes.  This section provides a detailed 
description of methodology used to produce forecasts, using the driver impacts from the 
analysis described in the previous section. To forecast the share of potential cargo that 
could be attracted to the Panama Canal, the analysis has employed a three-step top-down 
analytical approach:   

 Identification of the alternative routing options that would be feasible from a shipper 
perspective.   

 Determination of the ease of transporting containers on each of these identified routes.   

 Analysis of the relative attractiveness of these routes and the allocation of the total 
trade on the trade lane to the individual routes. 

Identify Alternative Routing Options 

As a first step, for each combination of the three world regions (NE Asia, SE Asia, 
Europe) and five US regions (West, North Central, South Central, North East, South 
East), alternate routes were identified. 

The process began with the three world regions to the US and their allocation to the five 
US regions in proportion to each region's demographic characteristics – for a total of 15 
OD pairs - and the application of 11 product value groups to each OD pair. Thus, each of 
the OD pairs represents a number of containers, from a world export region, to a US 
import region, with a calculated product value. This detailed data set of trade data was 
applied to a route allocation model, to determine what route will likely be used to import 
each portion of this cargo into the US. 

Depending on the region to region OD pair considered, the Panama Canal may be a 
strong alternative routing option or an irrelevant option.  For example, for NE Asia to US 
West Coast, the Panama Canal is an irrelevant option, since it is clearly a direct 
transpacific movement.  For NE Asia to US East Coast, the Panama Canal is a strong 
low-cost alternative to a US intermodal routing option that includes a transpacific water 
movement and a trans-continental rail movement.   
 
For instance, considering container movements in the NE Asia to US Northeast O/D pair, 
there are a number of alternate routing options, which were independent of the value 
groups: 

– To US West Coast (transpacific) combined with US intermodal from West to East 

– To New York through Panama Canal (all-water option 1) 
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– To New York through Suez Canal (all-water option 2) 

For movements to North Central and South Central US, two ports (New York and 
Savannah) were analyzed in evaluating alternate transport options through the East Coast. 

Exhibit A-25 summarizes the various OD pairs analyzed and the relevance of the Panama 
Canal in route choice decisions. 

Exhibit A-25 
Alternate Routes for Various OD Pairs 

 
Trade Lane Alternate Routes

NEAsia to NorthCentral US NEAsia to LA + Intermodal to Chicago
NEAsia to NorthCentral US NEAsia to NewYork through Panama + Intermodal to Chicago
NEAsia to NorthCentral US NEAsia to Savannah through Panama + Intermodal to Chicago
NEAsia to NorthCentral US NEAsia to NewYork through Suez + Intermodal to Chicago

NEAsia to NorthCentral US NEAsia to Savannah through Suez + Intermodal to Chicago
NEAsia to SouthCentralUS NEAsia to LA + Intermodal to Dallas
NEAsia to SouthCentralUS NEAsia to Savannah through Panama + Intermodal to Dallas
NEAsia to SouthCentralUS NEAsia to Savannah through Suez + Intermodal to Dallas
NEAsia to NorthEast US NEAsia to LA + Intermodal to New York
NEAsia to NorthEast US NEAsia to NewYork through Panama
NEAsia to NorthEast US NEAsia to NewYork through Suez
NEAsia to SouthEast US NEAsia to LA + Intermodal to Atlanta
NEAsia to SouthEast US NEAsia to Savannah through Panama + Intermodal to Atlanta
NEAsia to SouthEast US NEAsia to Savannah through Suez + Intermodal to Atlanta
NEAsia to US West Captive to TransPacific services

Europe to US West Europe to LA through Panama
Europe to US West Europe to New York + Intermodal to LA
Europe to US West Europe to Savannah + Intermodal to LA
Europe to NorthCentral US Captive to TransAtlantic services
Europe to SouthCentral US Captive to TransAtlantic services
Europe to NorthEast US Captive to TransAtlantic services
Europe to SouthEast US Captive to TransAtlantic services

From NE Asia (or SE Asia) to US

From Europe to US

  
Source: Mercer analysis. 

Determine Route Attractiveness 

The relative route attractiveness has been analyzed as a function of route characteristics, 
as well as the value of the products being moved in containers.  As detailed earlier, the 
major determinants of route choice include the relative transit time and cost on competing 
routes, the product value, and the total value of the product per container.  Key elements 
involved in determining the route attractiveness involved:  

 Assessing transit times and costs by calculating total transit cost and total transit time 
for competing routes on a trade lane, relying on the voyage analysis model described 
above. 
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 Estimating the Premium per Day Saved (PDS) based on the relative costs and times. 
The concept of Premium per Day Saved (PDS) is similar to that of opportunity cost, 
but is purely based on route economics and independent of product value.  PDS 
represents the premium paid in terms of dollars per every day saved in transporting a 
container on the shortest route compared to the next best route.  It presumes that the 
shortest route has a higher cost than the next best alternative in terms of time and thus, 
involves a trade-off between time and cost – shippers are willing to pay a premium to 
get their goods to their destination faster.   

As identified in the previous section, the alternative transportation times are compared 
to first identify the best and the next best routes in terms of travel time.  PDS is then 
calculated as the ratio of the relative cost savings to the additional travel time. 

 Estimating the opportunity cost based on the value of the cargo in the container and 
the cost of capital. Opportunity cost is a representation of the daily economic value of 
the products being moved in containers and is equivalent to the potential return on a 
similar capital investment.  Opportunity cost is based on the product value group, the 
average value of the product within the group, the net product weight within a 
container, and an assumed cost of capital. 

Route attractiveness is ultimately determined by comparing the opportunity costs with the 
PDS, and tying to the value of the product shipped.  The lower the value of the 
opportunity costs compared to the PDS, the higher the attractiveness of the Panama 
Canal. 

Estimate the Panama Canal Route Share 

Estimating the Panama Canal route share involves a three-step process, each of which is 
equally important.  The three steps are applied in the route choice analysis to determine 
the net Panama Canal share by product value within each trade route within each trade 
lane.  At the end, the route choice analysis results for individual destination regions 
within the US are aggregated to calculate the Canal share on each trade lane.  The 
individual steps are: 

 Determine relative share of the all-water routing option compared to the intermodal 
option. 

 Allocate all-water share to Panama and Suez Canals based on their relative 
attractiveness 

 Determine and apply the impact of the gravitational pull toward an optimum supply-
chain. 

While the first two steps are implemented in a deterministic fashion, resulting in a fixed 
share based on certain service levels, the trend effects are incorporated using a scenario-
based model, with the explicit consideration of three different trends.  The following 
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sections provide a detailed description of each step. 

All-Water Share Analysis 

Mercer analyzed the way route choice decisions are made on the major trade lanes, using 
2002 container movement data from Waterborne Commerce that provides the East Coast 
(all-water) share of individual commodity movements by containers as a baseline.  In this 
data, the US intermodal system is considered the competing alternate route.  Put in an 
equation form, the model can be summarized as follows: 

East Coast (All-water) share (% of total trade)  

   = Function (Opportunity Cost / Premium per Day Saved, Product value) 

Using forecast data for input drivers, this calculation can be applied to determine all-
water shares in the future.   

Comparison of the Panama and Suez Options 

The previous step determines the share of all-water services compared to intermodal 
services. In addition, the Panama Canal competes with the Suez Canal in attracting the 
users of all-water services.  The competitiveness of the Panama Canal relative to the Suez 
varies significantly by trade lane. The Panama Canal dominates the North East Asia to 
US all-water trade, while Suez takes a major share of the South East Asia to US all-water 
trade. 

Unlike for the determination of the relative attractiveness of all-water services, there is no 
reliable data to understand and analyze the relative preferences and route choice behavior 
between the Panama and Suez Canals.  While Waterborne Commerce data provides the 
amount of cargo moving on the all-water route, no distinction is made for cargo moving 
through Panama and Suez.  One source of data for the relative shares of Suez and Panama 
is the 2001 PIERS database, which assigns each all-water transit as registered in Lloyd's 
database to a route based on the reported transit time.  This information from PIERS is 
combined with the total all-water share available from Waterborne Commerce data to 
derive the Panama Canal base share in 2002. 

Given the lack of data, a utility-based approach is used to capture and forecast Canal 
shares as a function of changes in service levels.  The utility of a route is defined in terms 
of the net cost of using the route derived as the sum of the calculated cost on the route and 
the cost equivalent of the travel time on the route.  By relating the differences in utility 
between the two routes to the actual share differences in base year 2002, "preference" 
factors are developed that attempt to capture the relative sensitivity to service levels.  
These "preference" factors in addition capture drivers of route choice decision-making 
beyond the measured service levels.  For example, on NE Asia to US trades, preference is 
disproportionately skewed to Panama compared to service levels; while the utilities of 
Panama and Suez options are relatively equal, Panama is preferred to Suez by a factor of 
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18.  These factors thus have built-in drivers such as historical trends, supply chain 
constraints, shippers’ preferences, and established relationships, which are assumed to 
persist over the forecast period.  The relative utilities on the routes are combined with the 
"preference" factors to forecast Canal shares in the future. 

Supply Chain Optimization Trends 

The third and final step in the determination of the Panama Canal share is the 
incorporation of the short-term and long-term trends discussed in the section above.  
These effects are applied on top of the changes to the Canal share driven by modifications 
to service and operational characteristics of the Canal and its competitors. 

Route Choice Calibration 

The analysis of all-water shares accurately captures the relative impact of product value 
(higher-value products have a preference for West Coast) and the relative attractiveness 
of the Canal for movements to the US Eastern regions compared to the US Central 
regions.  When applied to the base year 2002 data, the route choice analysis predicts well 
the aggregate Canal share of the NE Asia-US trade; however, Canal shares of the 
individual regions within the US (disaggregated) appeared to be somewhat inconsistent 
with expectations.  Such inconsistencies are normal in aggregated analyses, as the unique 
nature of the individual US regions is not reflected in the data sets used for estimating the 
impacts.  Modifications were therefore made to calibrate the results at the individual 
market level.  These route choice modifications were driven by judgments supported by 
data from a number of reliable data sources38: 

 East Coast share in eastern versus central regions. Data for year 2001 from the Berger 
report suggest that of the total movements to the East and Gulf coasts of the US, close 
to 40 percent occur via the Panama Canal. 

 East Coast share of Northeast versus South Central bound containers. Data from 
IANA on international rail-based container movements indicate that movements from 
the US West Coast to US Southeast far exceed those from the US West Coast to US 
Northeast. 

Exhibit A-26 illustrates the results of the route choice analysis for the four O/D pairs 
representing the NE Asia to US trade market, where Panama Canal is a competing 
alternative: 

 NE Asia to US Northeast 

 NE Asia to US Southeast 

                                                 
38 Adjustments were made to the coefficient of the term "ratio of opportunity cost to the relative transportation cost," to 
account for the above complexities and intangibles not in the input data used for estimation. 
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 NE Asia to US North Central 

 NE Asia to US South Central. 

The x-axis represents the product value in terms of $/kg, and the y-axis represents the 
percentage of cargo using the All-water option (Panama or Suez) for that product value 
category.  As was hypothesized before, the all-water share decreases as the product value 
increases, and at varying rates for the different OD pairs, depending on the supply chain 
characteristics that are specific to that OD pair and the relative attractiveness of the 
alternate routes. 

Exhibit A-26 
Northeast Asia to US Regions – Route Choice (2002)  
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                              Source: Mercer analysis. 

 

Exhibit A-27 shows the calibrated results of the route allocation analysis for each of the 
three trade lanes analyzed in detail.  Combining these shares with the TEUs for each of 
the trade lanes as output by the trade demand analyses, the corresponding vessel mix, 
vessel capacities and utilizations, the route allocation produces a total of 2,101 container 
vessel transits in 2002, which is 1 percent below the 2,124 transits reported by the Canal. 
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Exhibit A-27 
Route Allocation Results for Major Canal Trade Lanes 

 
Route / Year 2002 2003
NE Asia to USA 20.3% 21.2%
SE Asia to USA 6.8% 6.9%
Europe to USA 11.9% 12.7%  

                     Source: Mercer analysis. 

6. Fleet Allocation 

Overview 

Since the beginning of containerized shipping in 1956, the specialized containership has 
evolved into ever larger and more efficient vessels. The fully cellular containership (FCC) 
introduced in the 1960's, defined the basic configuration for such vessels, with containers 
carried in holding cells below deck and also stacked above deck. The capacity of vessels 
has grown from 1,700 TEU in the 1960's to the introduction of the 4,500 TEU Panamax 
in the 1980's. During this period, the Panama Canal's dimensions effectively limited the 
size of containerships. However, in the late 1980's APL broke the Panamax barrier with 
its decision to serve the Asia-US market with a combination of Post-Panamax size vessels 
and double-stack train service. Since then, other carriers have followed APL's lead, and 
the size of new Post-Panamax vessels has steadily increased with 7,500 TEU vessels 
being the norm for the past few years.  

As new additions to the containership fleet have been made, smaller, older vessels are 
repositioned to routes where they make more economic sense. Thus there is a cascading 
effect, with the average size of vessels on several routes increasing due to the addition of 
larger vessels at the top of the route hierarchy. 

If the Panama Canal expands, the trend to larger containerships is expected to accelerate, 
given the economies of scale associated with larger vessels and the availability of port 
infrastructure to serve them.  However, the pace with which this acceleration occurs, and 
the effects on how the overall fleet will be deployed, are uncertain and have been 
examined as a number of deployment scenarios. 

Methodology 

The fleet allocation analysis estimates the future vessel mix or ship size distribution on 
Canal-relevant trade lanes and allocates the total Canal volume on each trade lane to 
various ship sizes used within the container segment. 

The development of the container fleet allocation model consists of two key components:   
estimating the vessel mix or ship size distributions for Panama Canal-relevant trade lanes, 
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and estimating Canal volume on each trade lane by ship size. 

Fleet Evolution 

The first component - forecasting ship size distribution - involves determining the 
evolution of vessel mix for each trade lane over the forecast horizon.  The evolution of 
vessel size mix is a complex phenomenon driven by a variety of factors, including 
existing fleet mix, future trends and needs, demand levels on specific routes, and 
efficiency of fleet utilization.  A number of important drivers were considered in the 
determining the fleet mix for the future including: 

 Age of the fleet over the forecast period 

 Order book of vessels 

 Port characteristics and constraints 

 Vessel utilization 

 Ship characteristics 

 Shipbuilding capacity constraints 

The following vessel sizes and definitions were used in the development of the fleet 
allocation analysis. The current fleet mix is predominantly oriented towards Panamax 
vessels for the transpacific and direct services, while the Handy and Sub-Panamax vessels 
dominate North/South and feeder services. 

The methodology employed in the forecast pivots from the observed vessel mix in 2002 
(based on the actual reported transits through the Canal), and uses the trends over the past 
few years to develop short-term projections.  In the recent past, there has been a 
significant increase in the number of Panamax ships transiting the Canal on major trade 
lanes using the Canal.  Exhibit A-28 shows the changes in vessel mix over the last 10 
years of US East Coast container traffic through the Canal. 
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Exhibit A-28 
Vessel Mix for Asia-US East Coast Canal Route, 1987-2003 
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                                      Source: ACP data, Mercer analysis. 

Given a persistence of the factors that are driving this trend, and evidence in fiscal year 
2004 to-date, the forecast assumes that the momentum towards larger vessels continue in 
the short-term (over the next 3 years), with a significant increase in terms of the cargo 
carried on and the proportion of Panamax ships transiting the Canal.  However, there is a 
natural saturation point where cargo is carried primarily by Panamax vessels in major 
trade lanes, and the forecast assumes that the market reaches a saturation point by 2010 - 
with close to 95 percent of the cargo on the 3 trade lanes analyzed moving on Panamax 
vessels.  Given the range of possibilities in the vessel mix beyond 2010 depending on the 
variety of factors considered, Mercer captured the fleet evolution in three distinct 
scenarios: 

 No deployment of Post-Panamax vessels.  This represents a continuation of the status 
quo beyond 2010 once the saturation point is reached in terms of the Panamax 
vessels.  This scenario is considered only with the unexpanded Canal case, and serves 
as the basis for comparison to the base expanded Canal case. 

 Slow deployment of post-Panamax vessels.  Under this scenario, deployment of post-
Panamax vessels on the main Canal routes happens at a slow pace once the expanded 
canal opens.  This scenario assumes a constrained ability to redeploy Panamax vessels 
onto other routes easily, which forces the lines to continue to use them on the main 
routes until economically efficient alternatives are found.  This scenario represents the 
base case for fleet evolution under the expanded Canal case. 

 Rapid deployment of post-Panamax vessels.  This scenario assumes that the Canal 
expansion scenario is expected to have a significant influence on vessel mix beyond 
2014 (presumed opening of the new locks). It assumes that the lines aggressively 
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prepare to take advantage of the expanded canal by sufficiently planning for 
availability of post-Panamax vessels as soon the expanded canal opens, economically 
efficient of redeployment of Panamax vessels on current routes, with the assumption 
of a demand for these types of services, through a combination of increased trade and 
strong market competition.  The end state in 2025 is however assumed to be the same 
as for the slow deployment scenario, with the differences prevalent in the immediate 
years after the expanded canal opens. 

Forecast Transits and Toll Revenues 

Transit Calculation 

Total container vessel transits were obtained based on the container traffic through the 
Canal in TEUs estimated from the route allocation analysis, and from the average 
capacity/utilization of the different vessel categories (Exhibit A-29).  Transit calculations 
are performed on a disaggregated basis for each trade lane to account for differences in 
vessel mix and utilizations, and the results were then aggregated to obtain the total 
container transits through the Canal.  In the translation of TEUs to transits, two 
adjustments were made to account for consistency with the way Canal records container 
transits.  The model employs elements of Louis Berger’s fleet analysis and Mercer's 
analysis to drive vessel allocation: 

The TEU forecasts obtained from the trade analysis includes all containers moving 
through the canal, however, only a portion of it is carried on full container ships, the ships 
recorded by the Canal.  Adjustment factors were applied to take a portion of the forecast 
TEUs from the trade analysis. The factors used for the main trade lanes are 92.7 percent 
for North East Asia-US, 90.3 percent for South East Asia-US, and 96.2 percent for 
Europe-US based on Canal cargo tonnage and vessel transit data. 

Container traffic carried on container-dry bulk vessels (conbulkers) is included in the 
analysis, as conbullkers when carrying containers are essentially treated as container 
vessels.  This contributes to an increase of container vessels by 4.2 percent.  

In total, container segment Canal transits are estimated to grow by more than 200 percent 
over the forecast period, assuming that current service levels are maintained by the Canal 
and that the capacity for these vessels to transit is available.  Future container Canal 
transits are also expected to be dominated by Panamax ships, which will represent more 
than 70 percent of total transits. 
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Exhibit A-29 
Forecast Container Canal Transits, 2002-2025 
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Source: Mercer analysis. 

Toll Revenue Calculation 

Future Canal toll revenues for containers were calculated based on estimated container 
transits by ship size category and tolls by ship size category (nominal toll values where 
considered). 

Mercer projects that base case Canal toll revenues will grow by 522 percent nominally 
over the forecast period, to US$1,020 million in 2025, with Panamax vessels representing 
approximately 84 percent of total toll revenue generation (Exhibit A-30). 
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Exhibit A-30 
Forecast Container Canal Toll Revenues, 2002-2025 
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                                    Source: Mercer analysis. 

7. Scenario Analysis 

This section describes the results of the container segment forecast for both overall US 
container cargo imports – the Canal’s potential market - and for Canal container segment 
demand.  The scenarios presented are the three macroeconomic cases (applying the DRI-
WEFA's macroeconomic forecast to the container segment) for base case operating 
conditions, and optimistic and pessimistic scenarios for specific demand drivers in the 
base case economic scenario.  

US Import Scenarios 

US import projections were based on historic trends, but in some cases there are 
significant differences between long term trends and recent short-term trends. To capture 
this variation, optimistic and pessimistic scenarios were created and alternative 
projections calculated for most of the containerized product groups analyzed. In every 
case an increase in a product's consumption relative to total consumption is considered 
optimistic for the Canal, since this difference would increase imports and trade. Likewise, 
an increase in the import propensity for any product is an optimistic result for the Canal. 
The sum of the optimistic results for all products defines the optimistic scenario and the 
sum of the pessimistic results for all products defines the pessimistic scenario. 

Under the optimistic scenario, imports of the products covered in this analysis will 
increase from 13.4 percent of total consumption in 2002 to 19.8 percent in 2025 (Exhibit 
A-31), compared to the 18.6 percent share represented by the base case. In 2025, this 
difference between the base case and optimistic scenarios is 6 percent. 
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The pessimistic scenario would result in an increase in imports to 17.8 percent, or 4 
percent less than the base case. Thus, in aggregate the upside potential is somewhat 
higher than the downside risk. 

Exhibit A-31   
Imports as a Share of Consumption for Alternative Scenarios 
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                                 Source: Mercer analysis. 

Country Share of US Imports 

For each of the 29 product groups analyzed, trends were projected for the shares that each 
region would export to meet total US demand. These projections were based on historic 
trends, but in some cases there may have been differences between long term trends and 
recent short-term trends. To capture this variation, optimistic and pessimistic scenarios 
were created and alternative projections calculated for many of the product groups. In 
general, an increase in Northeast Asia's market share is considered optimistic for the 
Canal, since this difference would tend to increase potential trade for the Canal. 

Under the optimistic scenario, the Northeast Asia aggregate market share will increase 
from 24.9 percent in 2002 to 28.8 percent in 2025, compared to the 27.7 percent market 
share reached under the base case (Exhibit A-32). In 2025, this difference between the 
base case and optimistic scenarios is 4 percent. The pessimistic scenario would result in 
an increase in Northeast Asia market share to 27.3 percent - or 5 percent less than the 
base case.  
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Exhibit A-32   
Country Shares for Alternative Scenarios – NE Asia to US Imports 
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                             Source: Mercer analysis. 

Trade Forecast for US Imports 

Under the optimistic macroeconomic scenario, US imports will total 44.4 million TEUs in 
2025, 21 percent higher than the base case (Exhibit A-33). The pessimistic 
macroeconomic scenario reduces total import TEUs to a level of 34.2 million in 2025, a 
reduction of 8 percent from the base case.  
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Exhibit A-33 
US Forecast Container Imports – Alternative Scenarios 
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                        Source: Mercer analysis. 

Base Market Scenario: Probable Case 

The most probable results for the Panama Canal's container market segment are based on 
DRI-WEFA's most likely macroeconomic forecast and Mercer's most probable scenarios 
for trade, route decisions, and fleet deployment. A summary of the major components of 
these underlying scenarios is as follows: 

 Base macroeconomic scenario assumes the US consumption will grow 108 percent 
from 2002 to 2025 

 Imports share of US consumption assumes the base case, growing from 13.4 percent 
in 2002 to 19 percent in 2025 

 Country share shift scenario assumes the base case, with Northeast Asia's share of US 
imports rising from 34.1 percent in 2002 to 44.1 percent in 2025 

 Shippers react to service level modifications to optimize their supply chains at a 
moderate pace 

 No change in transit reliability or vessel utilization for any routes 

Total container market demand, as measured by TEU traffic on the 12 principal routes 
served by the Canal, is forecast to more than triple from 4.5 million TEU in 2002 to 16.8 
million TEU in 2025 (Exhibit A-34). This growth is forecast to be led by the large and 
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growing Northeast Asia to US trade, which is forecast to grow from 2.5 million TEU in 
2002 to 10.4 million TEU in 2025. With above average growth, this one trade is forecast 
to increase from 54.5 percent of total TEUs in 2002 to 61.8 percent in 2025. Canal vessel 
transits are forecast to also show tremendous growth, although not at quite the same rate 
of growth as container traffic growth. Transits on the principal trade routes are forecast to 
grow from 2,102 in 2002 to 6,362 transits in 2025, growing by a factor of 3.03 from 2002 
to 2025 compared to the growth in containers of 3.71 over the same period. The lower 
growth rate in transits is due to the increase in average ship size projected to occur 
through 2025. 

While larger vessels mean fewer transits, this same decrease does not occur for Canal 
PCUMS or toll revenues. With higher PCUMS per ship for the larger vessels, forecast 
growth in PCUMS from 63.7 million tons in 2002 to 232.7 million tons in 2025 nearly 
keeps pace with the forecast increase in TEU count. Toll revenues likewise are forecast to 
grow substantially, due to the forecast increase in volumes and an assumed 2 percent 
increase per year in tolls to cover inflation.39  

                                                 
39 The underlying assumption used in these forecasts of toll increases to simply cover inflation was provided by the 
ACP in order to provide uniformity of presentation of results.  These values do not reflect an implied or recommended 
strategy with regard to toll rates in the future. 
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Exhibit A-34  
Base Market Scenario: Probable Case 

 

 
 

Base Market Scenario: Pessimistic Macroeconomic Case 

This scenario assumes the base market scenario with pessimistic macroeconomic 
assumptions.  

 The pessimistic macroeconomic scenario assumes the US consumption will grow 92 
percent from 2002 to 2025. 

 Import share of US consumption assumes the base case, growing from 13.4 percent in 
2002 to 18.6 percent in 2025 

 Country share shift scenario assumes the base case, with Northeast Asia's share of US 
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 No change in transit reliability or vessel utilization for any routes 

Container cargo traffic is projected to increase to 15.8 million TEU in 2025, down 6 
percent from the 16.8 million TEU projected in the most probable scenario (Exhibit A-
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35).  Transits are projected to increase to 6,026 in 2025, down from 6,362 in the most 
probable scenario.  PCUMS tons are projected to increase to 220 million tons, a decrease 
from the most probable case (232.7 million tons).  Toll revenues are expected to reach 
$963 million in 2025, also representing a decrease from the probable case ($1,020 
million). 

Exhibit A-35 
Base Market Scenario: Pessimistic Case 

 

Base Market Scenario: Optimistic Macroeconomic Case 
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Exhibit A-36 
Base Market Scenario: Optimistic Case 
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Exhibit A-37 
Optimistic Market Scenario 
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2025, 23 percent less than the probable case. 

Exhibit A-38 
Pessimistic Market Scenario 
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Suez Canal and US intermodal system, or potential market disruptions.40 The annual toll 
increases tested in the sensitivity analysis ranged from a nominal 2 percent, which is 
consonant with expected inflation, to 15 percent, which represents a theoretical scenario 
in 2025 of tolls twelve times the current toll (in real terms).  

The findings derived from the sensitivity analyses to toll increases do not represent 
specific recommendations, but rather a collection of insights that could be incorporated 
into ACP’s marketing and planning process in the future. 

The sensitivity of container trades to increases in Panama Canal tolls occurs at the route 
level.  The impact of toll changes is captured through the route allocation analysis, which 
determines the relative attractiveness of the Canal and alternative routes for each OD pair. 

The market segments that dominate the Canal container traffic are sensitive to Canal tolls, 
and therefore an increase in Canal tolls would result in a loss of share for the Canal.  
Relatively small annual increases in Canal tolls may allow the Canal to retain its market 
share even in the long run. However, large annual increases will be detrimental, 
especially in the long run, as the tolls accumulate year over year.  In the short run, the 
Canal may be able to sustain loss of market share to its rivals, the Suez and US 
Intermodal system even with relatively large increases in Canal tolls.  This is because 
most of the Canal traffic consists of containers on the Asia to the US Northeast, where the 
cost difference versus the competing alternatives, the Suez and US Intermodal system, is 
too large to be overcome by Canal toll increases.  For example, on the NE Asia to North 
East US trade corridor, where the Canal has a significant share, the transit costs for a TEU 
are $714 through the Panama Canal versus $779 through Suez and $1,325 using the US 
Intermodal system. 

In addition, the Canal tolls represent a relatively small portion of the total transit cost per 
TEU.  For instance, on the NE Asia to North East US trade corridor, of the total transit 
cost per TEU on a Panamax vessel of $700, only $50 (about 7.1 percent) is attributable to 
the Canal tolls, booking costs, and other marine services provided by the Canal. 

The same is the case with the trade on the Europe to US West Coast trade lane.  Most of 
the other major segments are considered almost captive to the Canal, due to the nature of 
the trades and the lack of reasonable alternatives.  It should be noted that these findings 
are consistent with those of other studies made in this regard for the ACP, most recently 
by the Louis Berger Group: 

“The cost pricing analysis supports the findings in previous studies and through 
Canal experience that [liner] demand for the Canal is highly inelastic to toll 
increases in the short term yet, the impacts of such increases on traffic will vary 

                                                 
40 The competitive responses to a rise in Canal toll rates are entirely unpredictable, given the almost duopolistic nature 
of competition.  From an economic standpoint, however, Canal toll increases would drive customers to alternatives and 
consequently raise revenues for these competitors.  Their competitive response is thus unlikely to be a lowering of their 
own rates.   
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by route.  This inelasticity is a function of the inherent cost advantages that the 
Canal route offers to certain shippers in certain trades. While there clearly are 
opportunities to raise revenues by increasing tolls, this should be based on further 
consideration of the implications on various trade flows, as longer term it can 
lead to a loss of traffic and market share.”41 

Exhibit A-39 shows the impact on Canal PCUMS in 2025 due to various annual toll 
increases applied starting in 2005.  By changing the tolls at an annual 10% rate instead of 
at an annual 2% rate, the Canal PCUMS reduces from about 233 million tons to about 47 
million tons, close to wiping out the Canal trade.  The Canal toll increase scenarios 
examined indicate that the container segment is very sensitive to toll changes, and can be 
detrimental to Canal attractiveness beyond a certain amount of change.  This is because as 
the Canal increases tolls at a high annual rate, the attractiveness of the Canal route – 
relative to the Suez and US intermodal system – primarily for cargo moving to the US 
East Coast, starts to decline drastically. 

Exhibit A-39 
Container Segment PCUMS and Toll Revenue Sensitivity 
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Canal Expansion 

As detailed in the Fleet Allocation section, the expansion of the Canal has a significant 
impact on the fleet development and deployment on key Canal routes.  This section 
outlines the results of the impact of Canal expansion on transits and toll revenues.  While 
                                                 
41 The Panama Canal Impact on the Liner Container Shipping Industry by The Louis Berger Group, Inc. Washington, 
D.C. August 25, 2003. 
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no recommendations are presented, these results are provided to enable development of 
insights into both the impact of the Canal on the container trade and impact on the Canal 
operations, which can be useful in the decision to expand or not expand the Canal. 

In the case of the expansion of the Canal, it is anticipated that post-Panamax vessels will 
dominate the main Canal route container trade. Due to the deployment of much larger 
vessels than used currently, the total number of transits would decline significantly by 
2025 – 43 percent lower than in the unexpanded case (3,626 compared to 6,362) (Exhibit 
A-40).  However, the toll revenues for the Canal would show a slight increase of about 
8.5 percent compared to the unexpanded case in 2025 ($1,107 million compared to 
$1,020 million) (Exhibit A-41). 

Exhibit A-40 
Canal Container Transits – Most Probable Scenario 
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Exhibit A-41 
Canal Container Toll Revenues – Most Probable Scenario 
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Appendix B 

Summary: Grain Segment Analysis 

Overview of the Grain Segment 

The grain segment is comprised of six commodities carried in bulk aboard dry bulk 
carriers: corn, soybeans, wheat, sorghum, barley, and rice.  Some or all of these grains are 
grown in most countries in the world, but only a few agricultural powerhouses have the 
land, climate, water, and transportation networks to supply large quantities to the world 
markets.  The Canal is a major conduit for grain exports from the United States, which 
has maintained a dominant position in world agricultural markets. 

Grain markets are in a state of change as a number of forces converge.  The Canal will be 
affected by these trends, with little opportunity to influence their course, due to their sheer 
economic and political importance. These include the emergence of serious competitors 
to US dominance in Brazil, Argentina and, to a lesser extent, the revitalized countries of 
the former Soviet Union; rapidly growing import demand from Africa, the Middle East, 
and South Asia (which may attract available supplies to non-Canal routes) and the major 
question of how much grain China will consume, produce and choose to import. 

The potential impact of these variables on the Canal is tremendous – if all of these 
variables aligned in favor of the Canal, it could see a doubling of traffic in 10 years.  On 
the other hand, slow or no growth are very real possibilities.   

To help the ACP to grapple with the wide range of potential outcomes, Mercer analyzed 
the issues with the goal of understanding the events or combinations of events that would 
impact the Canal and assessed the likelihood of occurrence. Using the “80/20 rule,” of the 
six commodities that transit the Canal in bulk, corn and soybeans were selected for 
analysis, representing 84 percent of FY2001 volume by tonnage. For the minor trades and 
routes, a simple but complete forecast is provided in order to determine total Canal 
volume for grain.  
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The vast majority of Canal trade (84 percent) is comprised of corn and soybeans, 
substantially all of which originates in the US Gulf, primarily destined for Asia (80 
percent).  The existing trades that comprise the large majority of Canal grain tonnage are 
mature and well understood.  Forecasts are provided for those trades but the bulk of 
Mercer’s analysis focuses on three key market issues that will affect future grain tonnage 
through the Canal: China grain imports, US grain exports, Northern Brazil soybean 
exports.  Unique to the grain segment is the fact that nearly all of the uncertainty 
regarding future volume and all of the variability in the scenarios relate to trades that have 
no substantial history: US corn and Brazilian soybeans to China.   

Grain Traffic and Toll Revenue Forecast 

Mercer’s methodology for the study was designed to deliver comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, 
marketing/pricing actions, and Canal expansion cases. For the three primary scenario 
groups developed by Mercer – probable, optimistic, and pessimistic – Mercer’s forecast is 
summarized below. 

Probable Scenario 

In the most probable scenario, total transits will rise from 985 in 2002 to 1,184 in 2025; 
toll revenues are expected to increase from US$67.6 million to US$126 million over the 
forecast period. Key drivers will be an increase in Canal grain tonnage of 10 percent over 
the forecast period, a gradual decline in US to Japan shipments due to Japan’s declining 
population, and an increase in the Panamax share of transits. 

Optimistic Scenario 

The optimistic market scenario focuses on what happens if China’s agricultural 
investment of resources and improvement in technology do not keep pace with a growing 
population and increased consumption extrapolated from current trends, resulting in faster 
population growth, no additional land dedicated to corn/soybeans, and conservative 
achievement of yield improvements. 

In this scenario, corn imports from the US grow to 15.5 million tons.  Soybean imports in 
this scenario are several times greater, but do not transit the Canal.  Total transits would 
rise to 1,506 in 2025 and toll revenues would increase to US$168 million. 

Pessimistic Scenario 

The pessimistic market scenario incorporates assumptions related to China’s grain 
importing stance that would point to a higher degree of self-sufficiency, i.e., slower 
population growth, continued self-sufficiency in corn production, and increased soybean 
yield, reaching US levels. As a result, total transits would rise to only 1,140 in 2025 and 
toll revenues would increase to US$121.4 million. 
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Marketing/Pricing Insights 

Toll sensitivity: The sensitivity of grain traffic to Canal tolls can be inferred from the 
sensitivity to ocean freight rates, of which Canal tolls are one component.  In the case of 
grain, freight rate variations do not drive trade volume.  The variations in freight rates are 
on the scale of $10/ton compared to toll changes, which are expected to be on a smaller 
order of magnitude.  Therefore, the trade forecast assumes that Canal tolls do not affect 
trade volume. 

Canal tolls do have a measurable effect, however, on route allocation, and affect the 
choice of the Canal or alternative routes.  Tolls also moderately impact the shares of US 
Gulf and Pacific Northwest origins for corn and soybean shipments to Asia.  

Bypass trades:  Unlike the liquid and other dry bulk trades, there are no major flows of 
grain on non-Canal routes using post-Panamax vessels.  The Canal captures almost all 
trade that could logically be routed through it and, unlike the other trades, it is a major 
conduit of global grain trade.  The only upside for enabling larger ships to transit is the 
unlikely trade from Northern Brazil.  In any case, if that trade develops, draft limitations 
on the Amazon will minimize the use of post-Panamax ships. 

Impact of Canal expansion on bulk fleet development and deployment:  Because dry bulk 
ships are not classified as “grain” or “other” the fleet must be examined as a whole. 
Appendix C, Other Dry Bulk, discusses in detail the extent to which the Canal affects 
those trades and, in fact, its impact is minimal.  The combination, however, of the grain 
trade from the US Gulf and the opportunity to utilize backhaul or round-the-world 
patterns does lead ship owners to value flexibility and part of that is the ability to use the 
Panama Canal efficiently.  This has driven the emergence of the Panamax as the 
workhorse of the long haul grain trades and, by default, many of the other dry bulk trades.   

With the Panamax, an entire infrastructure connected to grain trading has evolved that is 
optimized for Panamax-sized cargoes.  It is highly unlikely that expansion of the Canal 
will lead to a major shift to post-Panamax vessels in the grain trade, particularly within 
the time frame of the forecast. For terminals with the infrastructure to handle larger ships, 
there may be a number of transits in such ships, but they will be in the minority.  For the 
majority of terminals that do not have such infrastructure, the marginal economies 
provided by larger ships (after deducting potential additional Canal costs) will not justify 
the investment.  Thus an expanded Canal will have a limited impact on the grain trade, 
due to the lack of infrastructure to support larger ships, and the minimal growth forecast 
for grain volumes on Canal routes. 
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Grain Segment Analysis Detail 

1.  Background 

The grain segment is comprised of six commodities carried in bulk aboard dry bulk 
carriers: corn, soybeans, wheat, sorghum, barley, and rice.  Some or all of these grains are 
grown in most countries in the world, but only a few agricultural powerhouses have the 
land, climate, water, and transportation networks to supply large quantities to the world 
markets.  And, as populations grow and water and land resources are unable to support 
local populations, global demand must be increasingly met through imports.  The Canal is 
a major conduit for grain exports from the United States, which has maintained a 
dominant position in world agricultural markets. 

Grain markets are in a state of change as a number of forces converge.  The Canal will be 
affected by these trends, with little opportunity to influence their course, due to their sheer 
economic and political importance. These include: 

 The emergence of serious competitors to US dominance in Brazil, Argentina and, to a 
lesser extent, the revitalized countries of the former Soviet Union. 

 Rapidly growing import demand from Africa, the Middle East, and South Asia, which 
may attract available supplies on non-Canal routes. 

 The China question: how much grain will be produced and consumed and what 
decisions will be taken to affect import demand. 

 Future production and logistics solutions in Northern Brazil. 

 The effect of political, trade, and food safety issues (bioengineering) on grain trade. 

The potential impact of these variables on the Canal is tremendous – if all of these 
variables aligned in favor of the Canal, it could see a doubling of traffic in 10 years.  On 
the other hand, slow or no growth are very real possibilities.  To help the ACP to grapple 
with the wide range of potential outcomes, Mercer analyzed the issues with the goal of 
understanding the events or combinations of events that would impact the Canal and 
assessed the likelihood of occurrence. 

Mercer developed a forecast of grain trade through the Panama Canal from 2002-2025 as 
part of its integrated demand forecast.  This forecast aims to close gaps identified in the 
grain market segment report: focus on the key trades, introduce variability for the most 
important demand drivers, address data issues, and use a robust but unambiguous 
modeling methodology.   

To provide an insightful and relevant model for the ACP, Mercer focused exclusively on 
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issues and events that can have a major impact on future Canal trade.  Mercer developed a 
forecast of grain trade through the Panama Canal from 2002-2025 as part of its integrated 
demand forecast.  This forecast aims to close gaps identified in the Transportation Study 
on the Grain Market Segment and the Panama Canal by Nathan Associates Inc., May, 
2003 (Nathan Study) prepared for ACP: focus on the key trades, introduce variability for 
the most important demand drivers, address data issues, and use a robust but 
unambiguous modeling methodology.  

To provide an insightful and relevant forecast for the ACP, Mercer focused exclusively 
on issues and events that can have a major impact on future Canal grain trade. These 
drivers were selected because of the volume of trade affected and/or the degree of 
uncertainty surrounding the drivers’ future value. Using the “80/20 rule,” of the six 
commodities that transit the Canal in bulk, corn and soybeans were selected for analysis, 
representing 84 percent of FY2001 volume by tonnage. For the minor trades and routes, a 
simple but complete forecast is provided in order to determine total Canal volume for 
grain. 

2.  Principal Data Sources 

Data from a number of secondary sources was used to produce the trade forecast, and the 
methodology was validated with primary sources in industry and government.  The 
foundation for the trade forecast is US Department of Agriculture historical data and 
projections of grain production and trade, including historical trade, production volume 
and costs, and ten-year projections of production, imports and exports by country and 
commodity. While the USDA projections are the most complete and reputable projections 
available, they are extrapolations of short-term trends. Therefore, they must be considered 
and analyzed in the context of other available sources. 

The USDA data have been compared to and complemented by FAPRI historical data and 
forecasts. Data from USDA/ERS FATUS Export Aggregations, China National Grain & 
Oils Information Center, the EU delegation to the United States, the Cámara de la 
Industria Aceitera de la República Argentina (CIARA), and the Nathan Study, Volume II, 
trade matrices were used to fill in historical trade route data not provided by the USDA or 
FAPRI.   

The only identifiable source of projections that are correlated with alternative 
macroeconomic scenarios is the Nathan Study and it is used, therefore, to determine the 
relationship among the macroeconomic scenarios. 

For the variability of key drivers, a number of sources are included to determine potential 
values for the drivers and to incorporate a variety of qualitative opinions. Interviews were 
conducted with analysts at USDA and FAPRI and with a senior Cargill executive to 
validate the appropriateness of Mercer’s analytical approach. 
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3.  Key Markets/Traffic Routes 

The vast majority of Canal trade (84 percent) is comprised of corn and soybeans, 
substantially all of which originates in the US Gulf, primarily destined for Asia (80 
percent).  The analysis explicitly projects the key trades by allocating import and export 
projections by O/D pairs for these two commodities on 14 trade lanes.  Traffic for the 
other four commodities (wheat, sorghum, barley, and rice) is projected by applying 
import growth rates to historical Canal traffic, assuming that Canal share of these 
destinations’ imports will remain constant.  The analysis accounts explicitly for 83 
percent of trade. 

The existing trades that comprise the large majority of Canal grain tonnage—US Gulf to 
Japan, S. Korea, and Taiwan--are mature and well understood.  Forecasts are provided for 
those trades but the bulk of Mercer’s analysis focuses on three key market uncertainties 
that will affect future grain tonnage through the Canal: Chinese grain imports, US grain 
exports, Northern Brazil soybean exports, and Panama Canal tolls.  Unique to the grain 
segment is the fact that nearly all of the uncertainty regarding future volume and all of the 
variability in the scenarios relate to trades that have no substantial history: US corn and 
Brazilian soybeans to China.   

China Grain Imports 

Although China imported no corn in 2002 and only 4.5 million tons of soybeans through 
the Canal, it is the prospect of China’s demand growth outpacing its production growth 
that has the greatest potential to affect Canal volumes. While many factors merit 
consideration, in the end it is China’s production, population, and per capita consumption 
that will determine import levels.  For perspective, the difference between the UN high 
and low population forecasts for China in 2025 is 200 million people, who are expected to 
consume about 20 million tons of corn in one year.  With the US as the major residual 
supplier of corn, this variation can significantly affect the Canal. Similarly, potential yield 
improvements and increases in harvested area in China may significantly reduce 
projected imports. 

US Grain Exports 

Importers of US corn on both sides of the Canal will increase their import demand and 
how much the US produces for export will determine the volume available to meet 
Chinese demand growth, if it occurs.  Some variation in the availability of US corn for 
exports is politically-driven.  US consumption of ethanol, a gasoline additive made from 
corn, is driven by government mandates regarding acceptable emissions levels and the 
additives that may be used to achieve those levels.  The government is influenced in its 
decisions by the political weight of the agricultural states.  

Northern Brazil Soybean Exports 

This region will satisfy much of the world’s demand growth for soybeans.  Any volume 
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that the Canal captures is dependent on production from the Northern states being 
exported from ports in the North, on the relative advantage of the Northern ports to export 
destinations, and on the Canal providing sufficient value compared to alternative routes 
without the toll expense. 

Impact of Panama Canal Tolls 

Under certain circumstances, particularly the scenario in which Chinese soybean imports 
are sourced in Northern Brazil, the cost of transiting the Panama Canal is one of the 
determining factors in the routing of cargo.  Routing is very sensitive to the combination 
of tolls, fuel prices, and time charter rates; this interplay is addressed probabilistically in 
the analysis.  

4. Trade Forecast   

Methodology 

As discussed above, forecasting future grain trade is complicated.  The trade is affected 
by natural forces, government policy, business relationships, international relations, 
technology, and currency fluctuations. The relationship between prices and cost is not 
always direct and predictable. Government policies often reflect values and perceptions of 
food and agriculture rather than pure economic interests. The difficulty of modeling all 
the factors that determine grain trade does not lend itself to a linear programming 
methodology, which must capture all of these variables explicitly in order to be accurate.  
Therefore, a market-share based model, drawing on historical trends, was selected for the 
trade forecast.  

The market-share methodology assumes that historical trade volumes form the basis of 
future trade and incremental demand is met by available supply.  This view is supported 
by the observation that long-term share shifts tend to occur gradually over time (Exhibit 
B-1). 
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Exhibit B-1 
Historical Share of US Corn Exports, 1992-2002 
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Source: Mercer analysis of United States Department of Agriculture Economic Research Service FATUS Export Aggregations 
Area/Countries Of Destination and Commodities Exported USDA data, 1989-2002. 

However, there are events that cause large short-term fluctuations that cannot be forecast, 
such as: 

 In 1995, there was a one-year, 25 percent increase in US exports to China due to poor 
harvests there. 

 South Korea’s reduction in imports from the US due to the contamination of Iowa's 
corn crop four years ago by StarLink, a brand of corn not approved for human 
consumption.  

 A drought in Canada that led to higher Canadian imports from the US in 2001 and 
2002.  

There will always be events that alter volumes temporarily, but no modeling methodology 
can capture these future events explicitly. 

The share-based approach implicitly accounts for factors that are difficult or impossible to 
model explicitly: 

 Trading relationships – both governmental and commercial – tend to mirror 
economically efficient patterns rather than drive alternative ones.  They do not, 
however, shift dramatically as one trade allocation gains an advantage of a few 
pennies over another. 

 Pricing decisions that are independent of cost are inherent in agriculture; farmers are 
forced to accept prices at unprofitable levels and the impact of fixed costs varies 
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depending on whether new land is being cultivated or new equipment is needed to 
increase production.  

 Very small differences in comparative advantage between suppliers will exist, by 
nature, as commodity and logistics prices fluctuate.  To try to allocate trade based on 
these small margins would ignore both the errors in aggregating cost data and its 
fluctuation. 

This approach was confirmed in an interview with Wayne Teddy, president of Cargill’s 
North American Grain & Oilseed Crushing business, who said he sees "No dramatic 
shifts in customers and ranges – the real question is what the aggregate production will 
need to be to meet demand.” 

In the trade forecast, change is gradual, with excess capacity meeting incremental 
demand.  This hypothesis is implemented in the following steps to determine the relevant 
trade volumes throughout the forecast period: 

 For US corn and soybeans, each importer is allocated the same share of exports as it 
received the previous year; additional import demand is then met starting with China 
(because of its large potential) and followed by importers in order of their previous 
shares.   

 For Brazil and Argentina, the previous year’s trade is multiplied by the importer’s 
projected import growth.  This method is different than for the US because trade data 
for Brazil and Argentina is incomplete. 

 For corn, only US exports are considered, because of the United States’ predominant 
share of global trade, and its role as the residual corn supplier and the only major 
exporter through the Canal. 

 For soybeans, US and Brazilian exports are considered because of their historical or 
potential use of the Canal, and Brazil’s emergence as the residual soybean supplier.  
Argentina is also considered because its exports to Europe and Asia affect US and 
Brazilian volumes to those regions. 

Exhibit B-2 below shows the allocation of US corn exports.  Actual 2002 shares were 
adjusted for temporary phenomena and used as the basis for the forecast. 
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Exhibit B-2 
US Export Share Allocation for Corn, 1992-2025 

(percent of total tons) 

 
 Source: Mercer analysis of USDA ERS FATUS data. 

Demand Drivers 

The baseline values for country-level imports and exports were obtained by extrapolating 
USDA projections from 2008-2013 to 2025. For China, trends in imports, production, and 
consumption from 2011-2013 were extrapolated because of the rapid rate of change 
projected for the next decade. This method of generating a long-term projection was 
suggested independently by analysts from the USDA and FAPRI.  In developing the base 
case forecast Mercer adjusted four projections because extrapolation of the USDA 
projections for 12 years generates unlikely consumption and production levels: Chinese 
per capita consumption of corn and soybeans, soybean yield in China, and US corn 
exports. 

Alternative scenarios account for a range of potential outcomes for these and four other 
factors for which there is a high degree of uncertainty: China corn yield, soybean area, 
and population, and the effect of US ethanol consumption on corn exports.  The 
variability of each is considered for three macroeconomic cases.  The result of the trade 
adjustments is a forecast of imports and exports by country that is used as a starting point 
to allocate trade based on the previous year’s shares.   

The uncertainty addressed in the scenarios relates mostly to future China imports. There 
are two general views of China’s future grain imports: One is that China will require 
massive levels of imports to feed its people as population and consumption increase.  The 
second is that China can harvest additional land and accelerate technological advances to 
increase yields, increasing production, while controlling consumption, thus limiting the 
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need to import grain.  The pessimistic view of China’s ability to maintain self-sufficiency 
has been expressed most directly by Lester Brown, founder of the US-based 
environmental think tank Earth Policy Institute, in his book “Who Will Feed China?”  
The USDA projections implicitly point to a similar conclusion, but this is more a result of 
extrapolating short-term trends than of a particular view among agricultural experts.   On 
the other hand, the Chinese press and scientific community have expressed confidence 
that the country’s grain production and consumption can be balanced to maintain a high 
degree of food independence.  This view is strengthened by reputable foreign experts, 
such as those at the Iowa State University Extension Economics Unit, who also believe 
that China can increase production to meet demand. 

The factors affecting import levels are analyzed individually, but it is important to 
understand that they are all linked and will affect each other: increased yields can reduce 
the need to cultivate additional land, a high rate of population growth would dictate 
increased yields and harvested area, and a lack of success in increasing production would 
compel the government to impose restrictions on consumption.  The individual issues are 
discussed below:  

China per capita consumption 

Estimates are derived from USDA projections to 2013 and the Nathan Study domestic 
demand figures to 2025 (Exhibit B-3).  The USDA projections are geared particularly to 
the short and medium term; accordingly, extrapolation of its trends does not yield the 
most likely scenario.  Per capita consumption in the Nathan Study is derived from its 
domestic demand projections and is flat for corn; increased demand in its forecast comes 
only from population growth.  The core trade forecast reduces the USDA growth rate 
after 2013 to one-fourth the rate of the extrapolated curve.  The underlying presumption is 
that industrialization and growing GDP lead to increased consumption but that growth 
slows as Chinese diets align more closely with those of the industrial world.  Chinese 
consumption growth is also tempered by the ability of the Chinese government to exert 
some control on consumption to maintain an acceptable level of imports as a percentage 
of national grain consumption. 

China soybean yields  

The base USDA forecast is conservative compared to other experts’ predictions (in and 
out of China) about China’s ability to increase soybean production.  China’s Ministry of 
Agriculture predicts that the country can produce 36 million tons of soybeans by 2006, 
which would eliminate the need for imports; this is equal to 2.8MT/Ha with aggressive 
cultivation of additional land.  Similarly, the Iowa State University Extension Economics 
unit expects that China’s admission to the WTO will accelerate yield improvements and 
bring China close to US yields over time.  

The scenarios were determined by identifying the increase over the USDA projection that 
achieves optimistic experts’ forecasts.  The most probable scenario is midway between 
the USDA and high growth scenarios.  If China achieves the yields in the high growth 
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scenario and adds harvested area, the projected soybean import demand is reduced by 50 
percent in 2013.  If China meets its own expectations, it will not need to import any 
soybeans. 

Exhibit B-3 
China per Capita Consumption Forecast, 2002-2025 

 
  Source: USDA Baseline 2003, Nathan Associates, Mercer analysis. 

China soybean yields 

The base USDA forecast is conservative compared to other experts’ predictions (in and 
out of China) about China’s ability to increase soybean production (Exhibit B-4).  China’s 
Ministry of Agriculture predicts that the country can produce 36 million tons of soybeans 
by 2006, which would eliminate the need for imports; this is equal to 2.8MT/Ha with 
aggressive cultivation of additional land.  Similarly, the Iowa State University Extension 
Economics unit expects that China’s ascension to the WTO will accelerate yield 
improvements and bring China close to US yields over time. 

The scenarios were determined by identifying the increase over the USDA projection that 
achieves optimistic experts’ forecasts.  The most probable scenario is midway between 
the USDA and high growth scenarios.  If China achieves the yields in the high growth 
scenario and adds harvested area, the projected soybean import demand is reduced by 50 
percent in 2013.  If China meets its own expectations, it will not need to import any 
soybeans. 
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Exhibit B-4 
China Soybean Yield Forecast, 2002-2025 
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  Source: USDA Baseline 2003, Nathan Associates, Mercer analysis. 

 
US corn exports 

The US is the residual corn supplier to the world and will meet potential growth from 
China, if it occurs.  Therefore, the high growth export scenario is highly correlated with 
the variables driving high import levels to China.  In the baseline and lower cases, exports 
are restrained compared to a simple extrapolation of the 10-year USDA projection 
(Exhibit B-5).   
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Exhibit B-5 
US Corn Exports Forecast, 2002-2025 
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  Source: USDA Baseline 2003, Nathan Associates, Mercer analysis. 

China corn yield 

The base USDA forecast projects growth in yields at a rate close to that of the US, but not 
closing the gap (Exhibit B-6).   As with soybeans, irrigation, genetic technology, weed 
control, fertilizer control could enable China to accelerate yield growth.  There is less 
need to do so, however, because imports are modest in the base case—5 million tons in 
2010 compared to 141 million tons of projected consumption.  Therefore, it is less urgent 
for China to achieve US levels of corn yields than soybean yields; in the high-yield 
scenario, China would not need to import any corn. 
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Exhibit B-6 
China Corn Yield Forecast, 2002-2025 
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                           Source: USDA Baseline 2003, Nathan Associates, Mercer analysis. 

China harvested area for soybeans 

Corn area is not expected to increase, so no alternative projections are considered in the 
forecast. China’s soybean area, however, is expected to grow significantly to meet the 
country’s growing demand (Exhibit B-7).  The base case scenario extrapolates USDA 
projections of 10.5 million hectares in 2013 to 2025, when the harvested area would reach 
11.7 million hectares.  The more aggressive scenario is based on the Chinese Academy of 
Sciences’ indication that soybean area could grow from 9 million to 13 million hectares; 
in that scenario, area increases to 20 percent greater than the USDA forecast in five years.  
The low scenario is based on the Nathan Study’s projected harvested area, which is flat 
throughout the forecast period. 
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Exhibit B-7 
China Harvested Area for Soybeans Forecast, 2002-2025 

(000 hectares) 

8,000

9,000

10,000

11,000

12,000

13,000

14,000

15,000

20
02

20
04

20
06

20
08

20
10

20
12

20
14

20
16

20
18

20
20

20
22

20
24

USDA + 20%

USDA  

Nathan

 
 

  Source: USDA Baseline 2003, Nathan Associates, Mercer analysis. 

China population 

A population forecast for China was obtained from the Population Division of the 
Department of Economic and Social Affairs of the United Nations Secretariat with high, 
low, and medium variants (Exhibit B-8).  With a difference of 200 million people 
between the high and low scenarios in 2025, the potential impact of population variations 
on Canal grain tonnage is large. At base case consumption levels, this is equivalent to 30 
million tons of corn and soybeans per year – 80 percent of current Canal traffic. And, 
unlike other market economies, population is affected by government policy and 
agricultural variables. On the one hand, if population rises more quickly than expected, 
the government will be more likely to devote resources to increasing agricultural 
production.  Alternatively, if agricultural production does not meet stated goals, the 
government is likely to continue policies that restrict population growth.  Therefore, in 
the forecast scenarios, alternative population projections are linked to appropriate levels 
of production and consumption.   
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Exhibit B-8 
China Population Forecast, 2002-2025 
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 Source: Population Division of the Department of Economic and Social Affairs of the United Nations. 

US ethanol consumption 

The use of corn-based ethanol in the US will affect the amount of corn available for 
export.  The baseline USDA projection allows for growth in ethanol demand for corn.  
The USDA projections are close (1 percent-10 percent variation) to the ‘Reduced MTBE’ 
case in a 10-year ethanol projection by SJH and Co. (a leading agricultural consulting 
firm)1, and represent the unadjusted base case scenario for US corn exports.  The other 
scenarios demonstrate the impact of alternative ethanol consumption levels on corn 
exports.  USDA and SJH projections were extrapolated to 2025 based on the 2008-2013 
growth rate of ethanol consumption (Exhibit B-9) 

The ‘Reduced MTBE’ case is what is currently underway in the US; individual states 
have banned MTBE and some gasoline brands have offered MTBE-free gasoline in 
advance or in the absence of a ban. The unlikely ‘Low Ethanol’ scenario in which MTBE 
use is not reduced would require a reversal of the current trend and would increase 
available exports by 8.5 million tons.  The ‘High Ethanol’ scenario in which MTBE is 
banned would reduce available exports by 7.4 million tons.  It is more likely that over 
time the US will move away from MTBE as a gasoline additive.  The US can meet 
significant increases in demand for corn exports, however, and it is not likely that ethanol 
use will have a major impact on trade.   

SJH predicts that additional ethanol capacity will be added at or close to existing plants 

                                                 
1 “The Ethanol Industry Ten Years from Now,” presented to the American Coalition for Ethanol by Jeff Kapell, 
Associate Principal, SJH and Co., July 31, 2003. 
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and will not affect the distribution of corn exports between the US Gulf and Pacific 
Northwest coasts – a Sparks study2 presents the same view.  Therefore, ethanol demand 
affects only total US corn available for export, not coastal share in the route allocation 
model. 

Exhibit B-9 
US Ethanol Consumption Forecast, 2002-2025 
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Impact of Agricultural Policy 

One of the demand drivers identified for analysis was “China grain policy.”  For purposes 
of analysis, agricultural policy is not a separate driver but a factor that is considered and 
embedded in other projections: production, trade, and even consumption.  Mercer’s 
findings regarding Chinese grain policy are expressed quantitatively in the adjustments 
that determine the trade forecast, in the alternative scenarios, and in the correlations 
among variables that are used in the Monte Carlo simulation.  Qualitatively, they are 
discussed here. 

China’s policy of maintaining minimal dependence on foreign grain is manifested in 
several projections that drive the overall forecast.  In the base case scenario, there are 
substantial imports of soybeans, but little corn.  The pessimistic (for the Canal) alternative 
scenario assumes that China will take the steps required to minimize soybean imports: 

                                                 

2 The US Ethanol Industry with Comments on the Great Plains, John Whims, Sparks Companies Inc., May, 2002. 
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 Per capita consumption: China has indicated that controlling consumption is as 
much a part of grain independence as production.  An article in the Chinese press 
pointed out, for example, that beer consumption alone requires 20 million tons of 
grain and that this is not nutritionally necessary.  It can also use price controls and 
promotion of other foods (e.g., aquaculture-based) to limit grain consumption. 

 Production: Clearly, increasing the amount of land devoted to each crop can increase 
production.  The Chinese government can also encourage efforts to achieve higher 
yields, depending on the perceived need to do so.  Water policy and policies relating 
to the rural population are also variables over which it has some control. 

 US supports for soybean farmers: On a purely cost basis, US soybeans are losing 
competitive advantage. Based on interviews and USDA forecasts, the model 
incorporates the assumption that US soybean exports will not be significantly reduced 
but also will not grow. 

5.  Route Allocation 

The inputs to the route allocation model are the potential Canal volume by O/D pair and 
commodity for major and minor commodities and the volume by O/D pair on relevant 
non-Canal routes for major commodities.  Canal traffic is derived from the trade forecast 
by examining three route choices for the shipment of corn and soybeans. 

Allocation of US-Asia Flows to US Gulf or to Pacific Northwest Ports 

The historical variation of Gulf and Pacific Northwest shares of corn and soybeans were 
identified (Exhibit B-10)  and a moderate correlation was found (approximately 50 
percent) between coastal shares and ocean and barge rates.  The ocean differential is the 
difference between freight rates from PNW and USG to Japan. The differential is partially 
dependent on cost but varies with conditions in the bulk shipping markets, particularly the 
backhaul opportunities to origin ports.  Barge rates are annual average rates for grain 
from Peoria, IL to New Orleans.  Both of these values that affect coastal share are cyclical 
and should remain so in the future; fluctuation in coastal shares is also expected to 
continue. For the model, the average shares for corn and soybeans, and the frequency and 
value of deviation from the average were determined.  In the base case, 72 percent of corn 
and 88 percent of soybeans – the 9-year averages – originate in the US Gulf.  The high 
and low cases are one standard deviation above and below the average; the Monte Carlo 
simulation uses the full range of variation of the values. 
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Exhibit B-10 
US Gulf Coast vs. Pacific Northwest Share of Exports, 1994-2001 
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Source: US Maritime Administration Waterborne Commerce Statistics, 1994-2001. River Transportation News, 1994-
2001, United States Department of Agriculture,  Agricultural Marketing Service, 1994-2001.Mercer analysis. 

Determination of the Volume of Potential Canal Shipments from Northern Brazil 

Brazil has emerged as the residual supplier of soybeans to the world market; it has both 
the capacity and cost advantage to meet almost any conceivable demand growth during 
the forecast period.  The available land for new cultivation is in remote regions in the 
west and north of the country, but transportation of grain from these regions is difficult 
and expensive.  Infrastructure improvement is underway to move grain from the northern 
region to the developed ports in the south and to new terminals in the north.  The volume 
of grain that finds its way from Brazil to the Panama Canal depends on a number of 
variables related to both regions’ production, the economical allocation of exports from 
the two regions to export destinations, and the most advantageous route from port of 
origin to destination.  Mercer employed the following methodology to determine the 
potential Canal volume of soybeans from Brazil as follows: 

 Allocate Brazilian production to north and south. The production shares of the 
Brazilian states as forecast by the Nathan Study are applied to the USDA production 
total for Brazil.  The Nathan forecast is based on recent primary research and is 
consistent with trends that are indicated in USDA, FAPRI, industry publications, and 
in interviews. 

 Determine the share of northern production shipped from northern ports. The existing 
infrastructure for shipping grain from the north is minimal and additional projects are 
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in various stages of planning and implementation.  Decisions in the private and public 
sectors will determine the economics and feasibility of shipping from these ports; 
therefore, it is only possible to estimate the north’s share of shipments in the future 
and at what pace these terminals will develop.  Rondonia, Para, and Mato Grosso are 
the states that would potentially ship grain through the northern ports of Itacoatiara 
and Santarem.  Because infrastructure is being added for shipments from Mato Grosso 
to the South as well, it is assumed that at most 50 percent of that state’s production 
could be shipped from the north.  Therefore, the maximum share of northern 
production that can be shipped from the north is 45 percent based on all of the 
production from Rondonia and Para and one half of Mato Grosso’s production.  We 
assume that shipments from the North will reach their maximum in 2020 in the base 
case (2015 and 2025 in the high and low cases) and grow evenly until then. 

 Allocate northern and southern exports to importers. When exports make their way to 
the northern export ports, they are shipped to the destinations for which the northern 
route has the greatest relative economic advantage compared to other destinations.  At 
current inland shipping costs, there is no advantage for the northern ports to any 
destination, but Europe and Mexico are still the most advantageous destinations 
compared to those in Asia.  As inland shipping costs decline, the savings will be 
absorbed by the traders and farmers who have been receiving lower prices in the 
remote regions to make up for the difference in logistics costs.  The volume that flows 
from northern ports to Asian and West Coast Latin American destinations can 
potentially transit the Canal. 

Determine the Least-Cost Route from the US Gulf and Northern Brazil for Potential 
Canal Tonnage 

Potential canal tonnage is defined as US and northern Brazil to Asia trade, where the 
shortest route is through the Panama Canal: Japan, S. Korea, China, and Taiwan.  Other 
routes – US and Brazil to West Coast of Latin America – are derived from previous 
years’ tonnage. 

The total cost for each route is computed for the Canal route and for the shortest 
alternative route based on time charter rates, bunker cost, cargo inventory cost, and Canal 
tolls.  The number of tons carried is determined by the most restrictive of draft or cubic 
capacity at the origin and destination ports and through the Canal for the size of ship most   
frequently employed on the route in each year.  The cost per ton is the total cost divided 
by the tons carried.  The costs per ton for Canal and non-Canal routes are compared and 
the less expensive route is selected.  Time charter rates are from the Nathan Study and are 
escalated each year for inflation.  In the high and low scenarios, the rates are one standard 
deviation above and below the average, respectively.  Bunker costs are also varied 
according to their historic cyclicality.  The variation of the freight cost components is 
important, because in the base case with average costs, the advantage or disadvantage of 
the Canal is very small.  Since the bunker and freight markets are highly volatile, the 
advantage will shift between Canal and non-Canal routes frequently.  This fluctuation is  
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captured in the Monte Carlo simulation of numerous possible scenarios within the 
forecast.  

Despite minimal historical traffic, much of the effort in analyzing route allocation drivers 
was devoted to understanding whether the large potential volume of soybean trade 
between Brazil and China will impact the Canal.  It is clear from this analysis that there is 
a combination of events required for large volume movements to happen and that the 
likelihood of all of them transpiring is small. 

 The infrastructure must be built to ship soybeans from N. Brazil and capture a large 
share of northern production.  This is questionable due to: 

– The difficulty and cost of the infrastructure projects 

– The speed and draft limitations for ships to reach Amazon ports 

– Simultaneous efforts to add and improve infrastructure to move northern soybeans 
to the south and east 

 Chinese imports must exceed the levels projected in the base case.  Because Brazilian 
exports will tend to move through the south to Asia and through the north to Europe 
and Mexico, only when there are additional northern exports will volume go to Asia 
through the north.  This requires some combination of the following: 

– Less than expected additional soybean harvest area in China 

– Less than expected improvements in yield in China 

– Greater than expected growth in per capita consumption in China 

– Greater than expected population growth in China 

 Route cost factors that drive traffic through the Canal must exceed the base case.  
With the base-case route cost assumptions, cargo from N. Brazil to Japan and S. 
Korea would transit the Canal and N. Brazil to Taiwan and China is routed via Cape 
of Good Hope.  To shift Chinese and Taiwanese imports to the Canal requires some 
combination of the following: 

– High time charter (freight) rates 

– High bunker costs 

– Limited port draft improvements in the existing Canal case (so that Canal draft is 
not a limiting factor) 

In assessing investment requirements for the Canal, it is important to note that, even if all 
of these factors were aligned in favor of the Canal, its advantage would be so small 
compared to alternative routes that the trade would be extremely sensitive to tolls and 
Canal delays.   
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6.  Fleet Allocation 

This section describes the methodology used to determine grain segment demand for 
Canal services within the integrated demand forecast.   

The inputs to the fleet allocation analysis are the potential Canal volume by O/D pair and 
commodity, as determined in the route allocation analysis.   

The fleet allocation model is designed to: 

 Determine how dry bulk volume through the Canal will vary with changes in route 
cost factors 

 Allocate trade volume to ships by class to calculate transits, PCUMS tons3, and toll 
revenues for the segment 

 

The model employs elements of the Nathan Study’s fleet analysis and Mercer’s analysis 
to drive vessel allocation: 

 Grain carried on dry bulk carriers and conbulkers is included in the analysis.  A small 
share – 2.3 percent of the total--moves on other ship types, which is captured in those 
segment analyses.    

 Cargo carried on dry bulk carriers is allocated to ship size bands by trade route and 
commodity (Nathan Study). This analysis adjusts historical Canal size distribution 
with predictions of global fleet, port infrastructure, and commercial developments.  
Separate allocations are made for the existing and expanded Canal scenarios.  The 
result of the allocations is the potential Canal trade by ship size, route, and 
commodity. 

                                                 
3 PC/UMS (Panama Canal Universal Measurement System) Net ton is the net tonnage as determined in accordance with 
the Rules for the Measurement of Vessels for the Panama Canal. 
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The total ocean transportation cost for each origin/destination/commodity/ship size 
combination is then calculated for the Canal route and the lowest cost alternative ocean 
route to determine whether cargo will transit the Canal.  The sum of all routes for which 
the Canal is the less expensive route is the total grain tonnage for the Canal in that year 
under the operating assumptions for that scenario.  The analysis assumes that: 

 Vessel operators are able to select the lowest cost ocean route in the short term based 
on variable and operating costs. 

 The time saved by a Canal transit is valued at the vessel’s time charter rate. 

 Total ocean freight is applied to the number of tons carried according to historical 
vessel utilizations in the existing Canal scenario and adjustments to those utilizations 
for the expanded Canal.  While stowage factors and draft are used in the route 
allocation model to determine the likely flows of grain, in the fleet allocation model 
historical utilizations are used to calibrate more accurately transits and PCUMS to the 
base year for the Canal. 

Cost factors are employed as follows: 

 Voyage time: the total voyage length is calculated based upon the ship’s speed, 
distance on the Canal or alternative route, port time, and Canal time.   

– Only the laden voyage is counted, because most dry bulk ships do not return in 
ballast to the last port at which they loaded but try to fix voyages that maximize 
their laden days per year. 

– Port time is included, so that the freight rates in the model are as realistic as 
possible; it has no bearing, however, on use of the Canal, as port time is the same 
for alternative routes. 

– Canal time is the weighted average of booked and unbooked waiting plus transit 
time for the Panama Canal.  For the Suez Canal, 24 hours total transit time is used. 

 Fuel cost: uses appropriate consumption rates of intermediate fuel oil and diesel fuel 
for each vessel size.  Fuel prices are based on assumptions used in all segments; the 
cyclicality of oil prices is captured in the Monte Carlo simulation, based on historical 
data from the US Department of Energy. 

 Time charter rates are based on the Nathan Study’s assumptions for the base year and 
are escalated at 3 percent, according to Drewry’s Ship Costs.  Time charter rates are 
used rather than ship costs because they are much more indicative of ship owners’ 
behavior and are only loosely correlated with cost.  Also, time charter rates are varied 
in the Monte Carlo simulation to capture the effect over time of this cyclical variable. 

 Canal tolls are based upon the pricing scenarios that are tested; the results presented 
below assume 2 percent nominal annual increases in tolls and other costs.  For 
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comparing costs between Canal and alternative routes, historical rates of other charges 
are added to the total ocean freight cost as well as the weighted average booking cost 
for booked and unbooked vessels.  The revenue calculated is toll revenue only. 

 Commodity values are used to determine the inventory cost of the cargo using 
assumed corporate interest rates to capture the cost of inventory.  The inventory cost 
affects the routing choice by its inclusion in total cost, which is compared for the two 
routes. 

The outputs of the route and fleet allocation model are tonnage, transits, PCUMS, and toll 
revenues by commodity and by ship class for the three macroeconomic scenarios and two 
Canal scenarios in each year of the forecast and are described below.  

7. Scenario Analysis 

This section describes the results of the grain forecast using Mercer’s integrated demand 
model.   The scenarios presented are the three macroeconomic cases (using the Nathan 
Study’s application of DRI-WEFA’s4 forecast to grain imports) for base case operating 
conditions, and optimistic and pessimistic scenarios for specific demand drivers in the 
base case economic scenario. 

Base Market Scenario – Probable Case 

The most probable scenario incorporates the DRI-WEFA forecast of GDP and population 
for all the importing countries and baseline import and export projections from the USDA 
(Exhibit B-11).  The demand drivers are Mercer’s adjustment to the baseline forecasts. 

 Canal grain tonnage increases by 10 percent over the forecast period, with a surge 
around 2015, until China’s domestic production catches up with increasing demand. 

 The largest trade – US to Japan – declines gradually with an aging and declining 
Japanese population. 

 The increase in the Panamax share of transits is commensurate with China’s imports 
and its dominant position remains steady on a route by route basis. 

Therefore, in the most probable scenario, total transits will rise from 985 in 2002 to 1,184 
in 2025; toll revenues are expected to increase from US$67.6 million to US$126 million 
over the forecast period. 

                                                 
4 DRI-WEFA Global Macroeconomic and Trade Scenarios to 2025, prepared for the Panama Canal Authority, March, 
2002.  
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Exhibit B-11 
Base Market Scenario – Probable Case 

 

Base Market Scenario – Pessimistic Case 
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Pacific basin.  The bump in handy and handymax share at the end of the period is due to 
the use of these ship classes in regional trades. In this scenario, total transits are expected 
to rise to 1,314 in 2025 and toll revenues are expected to rise to US$135 million. 
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Exhibit B-12 
Base Market Scenario – Pessimistic Case 

 

Base Market Scenario – Optimistic Case 
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Exhibit B-13 
Base Market Scenario – Optimistic Case 
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rise to only 1,140 in 2025 and toll revenues would increase to US$121.4 million. 

Exhibit B-14 
Pessimistic Market Scenario 

 

 

Optimistic Market Scenario 
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In this scenario, Chinese corn imports from the US via the Canal grow to 15.5 million 
tons.  Soybean imports in this scenario are several times greater, but do not transit the 
Canal. Total transits are expected to rise to 1,506 in 2025 and toll revenues are expected 
to increase to US$168 million. 

Exhibit B-15 
Optimistic Market Scenario 
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input to the decision making process for pricing and Canal expansion. 

Toll Sensitivity 

The sensitivity of grain traffic to Canal tolls can be inferred from the sensitivity to ocean 
freight rates, of which Canal tolls are one component.  Based on a comparison of trade 
volume and ocean freight rates from the US Gulf to Japan in Exhibit B-16 below, freight 
rate variations do not drive trade volume.  A negative correlation between freight rates 
and trade volume would be expected, but -20 percent is not significant enough to imply 
that there is a causal relationship between rates and volume.  The variations in freight 
rates are on the scale of $10/ton compared to toll changes, which are expected to be much 
less.  Therefore, we have assumed that Canal tolls do not affect trade volume. 

Canal tolls do have a measurable effect, however, on route allocation.  For all water 
routes, tolls are included in the total transportation cost and affect the choice of the Canal 
or alternative routes.  Tolls also impact the shares of US Gulf and Pacific Northwest 
origins for corn and soybean shipments to Asia.  There is a moderately strong correlation 
between ocean freight and coastal share (42 percent for corn and 56 percent for 
soybeans).  The effect of a $1 increase in tolls has been forecast for corn and soybeans 
and causes a shift away from the Canal of 0.3 and 0.5 percentage points, respectively.   

Exhibit B-16 
Trade Volume versus Ocean Freight Costs, 1993-2001 
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Bypass Trades 

Unlike the liquid and other dry bulk trades, there are no major flows of grain on non-
Canal routes using post-Panamax vessels.  The Canal captures almost all trade that could 
logically be routed through it and, unlike the other trades, it is a major conduit of global 
grain trade.  The only upside for enabling larger ships to transit is the ephemeral and 
previously discussed trade from Northern Brazil.  In any case, if that trade develops, draft 
limitations on the Amazon will inhibit the use of post-Panamax ships. 

Bulk Fleet Development, Deployment, and Canal Expansion 

Along with an understanding of projected trade flows, the impact of Canal pricing and 
service on customer choices, and the potential for the expanded Canal to attract new 
trades, an additional component of demand that is needed to predict transits and toll 
revenues for the expanded Canal scenario is the evolution of the dry bulk fleet and the 
Canal’s impact on its development.   

Because dry bulk ships are not classified as “grain” or “other” the fleet must be examined 
as a whole. Appendix C, Other Dry Bulk, discusses in detail the extent to which the Canal 
affects those trades and, in fact, its impact is minimal.  The combination, however, of the 
grain trade from the US Gulf and the opportunity to utilize backhaul or round-the-world 
patterns does lead ship owners to value flexibility and part of that is the ability to use the 
Panama Canal efficiently.  This has driven the emergence of the Panamax as the 
workhorse of the long haul grain trades and, by default, many of the other dry trades.   

With the Panamax, an entire infrastructure connected to grain trading has evolved that is 
optimized for Panamax-sized cargoes.  From the Nathan Study, interviews and Mercer’s 
own research, it is highly unlikely that expansion of the Canal will lead to a major shift to 
post-Panamax vessels in the grain trade. For terminals with the draft, cargo handling gear, 
and storage capacity to handle larger ships, there may be a number of transits in larger 
ships, but they will be in the minority.  For the majority of terminals that do not have such 
infrastructure, the marginal economies provided by larger ships (after deducting 
additional Canal costs) will not justify the investment required to accommodate larger 
ships and store larger volumes of grain.  According to Mercer’s analysis, the difference in 
freight cost between a 90-100Kdwt ship and a 60-70Kdwt Panamax from the US Gulf to 
East Asia in 2025 is $2.17 per ton, which would be offset by any toll increase imposed to 
cover expansion. It is unlikely that the marginal value gained by shippers would justify 
the required investment and so a major shift of the grain trade to post-Panamax vessels is 
not expected if the Canal is expanded. 

In summary, an expanded Canal will have a limited impact on the grain trade, due to the 
lack of port and terminal infrastructure to support larger ships and the minimal growth 
forecast for grain volumes on Canal routes. 
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Appendix C 

Summary: Other Dry Bulk Segment Analysis 

Overview of the Other Dry Bulk Segment 

The other dry bulk (ODB) segment is comprised of 27 commodities other than grain that 
are carried in dry bulk ships.  As a group, these commodities are primarily raw and 
intermediate materials used in industrial processes, manufacturing, agriculture, and for 
direct consumption.  Sources for these commodities, many of which are natural resources, 
tend to remain constant or shift slowly as resources are depleted and new sources are 
developed.  Destinations shift in sync with trends in manufacturing of intermediate and 
finished goods and consumption. 

As manufacturing and consumption diffuse from the traditional industrial economies to 
newly industrialized ones, trade patterns are becoming more fragmented and more 
regional.  An overarching theme in this segment is the rapid industrial growth of China 
and its increasing appetite for raw, intermediate, and recycled materials.  On a global 
scale, the Panama Canal’s role in the dry bulk trades is minor; only three percent1 of 
world trade in this segment transits the Canal.  The reasons for this include where large 
deposits of major commodities (such as iron ore and coal) are located, and the 
preponderance of regional trades.  Still, the Canal captures significant share in a number 
of trades, such as copper and fertilizers. 

The dry bulk trade is highly fragmented in both the number of commodities and the 
variety of origins/destinations. Using the “80/20 rule,” the top 14 commodities were 
selected for detailed analysis, representing 84 percent of FY2003 volume by tonnage. For 
the minor trades and routes, a simple but complete forecast was developed in order to 
determine total Canal volume, transits, PCUMS, and toll revenue for the other dry bulk 
segment.  

                                                 
1 Nathan Associates study. 
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Some of the key ODB commodities moving through the Canal include: 

 Semi-finished and finished steel products, which are experiencing strong growth in 
demand, with world production expected to reach 1 billion tons in 2004. A shortage of 
raw steel materials, however, has led to major production constraints in the near term. 
Westbound, ECUS and ECSA to Asia steel movements through the Canal will 
continue to show strong growth. Eastbound, Asia to WCUS volumes have declined 
due to import tariffs, but are expected to rebound now that tariffs have been lifted. 
Given that steel is widely produced, import tariffs and production costs are the major 
determinant of trade diversions, and steel shipments are likely to have a low 
sensitivity to toll increases.   

 Phosphate and other fertilizers: Fertilizer consumption worldwide is expected to 
grow from 158 million tons in 2002 to 199 million tons by 2030. Improving economic 
conditions will likely drive higher fertilizer consumption in developing countries, 
particularly China and in South Asia and Latin America. Westbound, ECUS to Asia 
phosphate movements will be the primary driver of growth for volumes moving 
through the Canal. Due to limited sourcing options and low-cost raw materials, 
phosphate fertilizer shipments have a low sensitivity to toll increase.   

 Thermal and metallurgical coal: Most of the 3.5 billion tons produced annually are 
consumed domestically, with only 0.5 billion tons traded internationally.  The key 
Panama Canal coal trades are met-coal from Canada to Europe and thermal coal from 
ECSA to WCSA, with the former expected to show slow growth and the latter trade 
fairly static. Westbound coal is expected to be highly sensitive toll increases, due to 
competition, availability, and low price relative to transportation cost. Eastbound coal 
will also be somewhat sensitive to tolls, due to the potential for cost-effective 
alternate routing and sources. 

 Petroleum coke: The Panama Canal captures about 15 percent of the 24 million tons 
of annual petcoke trade. The predominant Canal trade will continue to be eastbound 
(US West Coast to Europe) as gasification projects (which require petcoke as an 
input) on the US East Coast will remove most westbound petcoke from the export 
market. The potential for the growth of this trade is more uncertain than most, as it 
depends on future US gasification plans. As there is no alternative source for US West 
Coast petcoke to Europe, the trade is not highly sensitive to tolls. 

 Copper concentrates and refined copper: The Canal is a major conduit for refined 
copper (about 40 percent of world trade) as well as 15 percent of global trade in 
copper concentrates. The most important routes for both commodities are from 
WCSA to Europe and the United States. The copper trade has grown more rapidly 
than GDP since 1995 and Canal traffic has more than doubled.  European demand for 
copper is expected to show steady growth, and the trade would appear to be relatively 
insensitive to tolls, due to a lack of product or source substitutes and copper’s high 
value, but is sensitive on the basis of the alternate route from Chile to Europe via 
Cape Horn. 
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Other Dry Bulk Traffic and Toll Revenue Forecast 

Mercer’s methodology for the study was designed to deliver comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, 
marketing/pricing actions, and Canal expansion cases. For the three market scenarios for 
specific demand drivers developed by Mercer the forecast is summarized below. 

Probable Scenario 

The most probable scenario combines the base case macroeconomic forecast and the base 
case market scenario. Growth rates for most commodities are based on the Nathan 
Study’s forecasts, with several adjustments by Mercer.  Canal trade volume in the 
scenario is expected to grow from 59 to 73 million tons by 2025, with a commensurate 
increase in transits.  Transits are expected to grow from 2,047 in 2001 to 2,449 in 2025, 
while toll revenues are expected to grow from US$ 120.1 million in 2002 to $216.1 
million over the forecast period. 

Pessimistic Market Scenario  

The pessimistic market scenario is driven by increased Asian independence in the 
production of intermediate materials, reducing westbound tonnage, and diversion of raw 
materials from the Pacific coast of the Americas that historically has transited the Canal. 
In this scenario, Canal tonnage grows from 60 to 62 million tons in 2025.  Transits 
increase from 2,047 to 2,120 in 2025, while toll revenues grow to $184.7 million. 

Optimistic Market Scenario  

In the optimistic market scenario, China’s growth is fueled by steel, scrap, and forest 
products from the Atlantic to Asia. In this scenario, transits grow to 2,612 in 2025, while 
toll revenues grow to $230.9 million. 

Marketing/Pricing Insights 

Toll sensitivity: The sensitivity of dry bulk trades to increases in Panama Canal tolls 
occurs at the trade and route level.  Toll sensitivities at the trade level are discussed for 
each commodity in Appendix C. At the aggregate level, alternative ocean routes will be 
attractive when Canal tolls rise on routes where the difference in distance between the 
Canal route and the alternative is small.  Conversely, when bunker prices and time charter 
rates rise, less cargo will be diverted by toll increases.  Importantly, increased shipping 
cost is not expected to attract additional cargo to the Canal.   

Bypass trades:  Under baseline conditions, with a 2 percent nominal toll increase, the only 
significant bypass trade that would be captured by the Canal once it were expanded is coal 
moving from the West Coast of Canada and the US to Europe.  In this scenario, 1.5 million 
tons of coal would transit the Canal, as would 0.6 million tons of iron ore, generating $5.4 
million of toll revenue.  With a 5 percent nominal annual toll increase implemented from 
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2005, only a minor iron ore trade from Chile to the Caribbean would be captured when 
the expanded Canal opened in 2015.   
 
Impact of Canal expansion on bulk fleet development and deployment:  The Canal 
captures only a small share of non-grain dry bulk trades, about 3 percent, and for the vast 
majority of dry bulk trade flows, the Canal is not an option, nor would its expansion to 
allow larger vessels cause new patterns to emerge.  Although some shipments of petcoke, 
coke, scrap, fertilizers, and other commodities are transported in Panamax ships today, 
the vast majority of industrial commodities are transported in ships smaller than 
Panamax.   The logistics of many of these commodities are geared for limited drafts, 
limited inventory levels at/near plants, and finite shipment sizes to customers.  In some 
cases, higher commodity values support more frequent and prompt movement of 
production.  In other cases, subtle differences in product specifications (grade, purity, 
dimensions) make it difficult to assemble Panamax-plus shipment sizes bound for a single 
port or customer. Consequently, the ability to transit the Canal in post-Panamax ships will 
not attract significant interest among shippers of dry bulk products during the forecast 
period.  At the other end of the spectrum, the patterns that have emerged for transporting 
huge cargoes of coal and iron ore would mostly not be attracted to the Canal due to 
geography and the physical constraints of the Canal after expansion. 
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Other Dry Bulk Segment Analysis Detail 

1.  Overview 

Background 

The other dry bulk (ODB) segment comprises 27 commodities other than grain that are 
carried in dry bulk ships.  As a group, these commodities are primarily raw and 
intermediate materials used in industrial processes, indirect consumption, and 
manufacturing, with the exception of fertilizers (used in agriculture) and sugar (direct 
consumption).  Sources for these commodities, many of which are natural resources, tend 
to remain constant or shift slowly as resources are depleted and new sources are 
developed.  Destinations for these commodities shift in sync with trends in manufacturing 
of intermediate and finished goods (e.g., iron ore and copper) and consumption (e.g., 
sugar and cement).   

As manufacturing and consumption diffuse from the traditional industrial economies to 
newly industrialized ones, trade patterns are becoming more fragmented and more 
regional.  An overarching theme in this segment is the rapid industrial growth of China 
and its increasing appetite for raw, intermediate, and recycled materials.  On a global 
scale, the Panama Canal’s role in the dry bulk trades is minor; only 3 percent2 of world 
trade in this segment transits the Canal.  The reasons for this low usage include the 
location of large deposits of major commodities (such as iron ore and coal), and the 
preponderance of regional trades.  Still, the Canal captures significant share in a number 
of trades, such as copper and fertilizers. 

The specific trade characteristics of ODB commodities vary widely. For example: 

 Trades in steel, iron ore, scrap, coal and metallurgical coke are similarly impacted by 
important industrial trends, particularly shifts occurring in steel production locations 
and technology. 

 Trades such as salt represent isolated regional demand. 

 Some trades appear random, as individual producers and users of a commodity 
engage in a trade that is advantageous to them but for which the benefits cannot be 
discerned by analyzing available data.  An example is the South Korea to Houston 
cement trade which would not be justified by average commodity and freight rates 
when compared to other alternatives. 

                                                 
2 Transportation Study on the Dry Bulk Market Segment and the Panama Canal by Nathan Associates Inc., June, 2003 
(Nathan Study) prepared for ACP. 
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Mercer developed a forecast of other dry bulk trade through the Panama Canal for 2002-
2025 as part of its integrated demand forecast. This forecast closes gaps identified in the 
Nathan Study regarding the sensitivity of critical commodities and trade routes for the 
Canal, in particular with regard to sourcing alternatives and changes in tolls). 

To provide an insightful and relevant analysis for the ACP, Mercer focused on issues and 
events, described below, that could have a major impact on future Canal trade. These 
drivers were selected because of the volume of trade affected and/or the degree of 
uncertainty surrounding the drivers’ future value. The dry bulk trade is highly fragmented 
in both the number of commodities and the variety of origins/destinations. Using the 
“80/20 rule,” the top 14 commodities, described below, were selected for detailed 
analysis, representing 84 percent of FY2003 volume by tonnage. For the minor trades and 
routes, a simple but complete forecast was developed in order to determine total Canal 
volume, transits, PCUMS3, and toll revenue for the other dry bulk segment. 

Data Sources 

The principal data source for the other dry bulk segment forecast is the Nathan Study. 
This provided core trade growth rates and macroeconomic cases, and was based on 
reputable Commodity Research Unit insights and models of individual commodities’ 
supply and demand. Additional sources used to corroborate and bound the baseline 
forecast for the key commodities and routes and for the most volatile and uncertain trades 
included: USGS Mineral Commodity Summaries and Mineral Yearbooks (2002, 2003), 
DOE/Energy Information Agency Energy Outlook (2004), trade association publications, 
consultants’ reports, UN data, and recent interviews with industry experts. 

Methodology 

The Mercer team examined the other dry bulk sector in a bottoms-up manner that aligns 
its forecasts based on historical dry bulk traffic levels moving through the Canal.  The 
process focused on the fourteen commodities (steel, phosphates, misc. fertilizers, salt, 
coal, petroleum coke, wood pulp, sugar, metallurgical coke, iron and steel scrap, cement, 
lumber, copper concentrates, refined copper) that comprise more than 80 percent of 
FY2003 traffic and, within each, the major origin and destination pairs that comprise at 
least 80 percent of trade in that commodity. 

The process of evaluating other dry bulk trade was performed as follows: 

 The major origin-destination routes that constitute a majority of total dry bulk traffic 
were identified. 

                                                 
3 PC/UMS (Panama Canal Universal Measurement System) Net ton is the net tonnage as determined in accordance with 
the Rules for the Measurement of Vessels for the Panama Canal. 
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 All remaining commodity flows were separated into eastbound and westbound by 
major ACP commodity groupings. 

 For the major commodity origin-destination routes, those that are stable on a year-to-
year basis and not subject to volatile substitution were separated from those that are 
not stable: 

– For those routes that are relatively predictable, commodity and route-specific 
growth rates from the Nathan Study were applied to historical Canal traffic levels; 
this methodology cancels out inconsistencies between the Nathan Study estimates 
and actual ACP transit data 

– For those routes that are either not predictable or for which foreseeable trends 
and/or events may significantly affect the trade in a manner not directly linked to 
macroeconomic growth, analysis was conducted on a case by case basis. 

 The nature and role of Canal flows in the context of each route and the likely 
sensitivity of the routes to levels of toll increases were reviewed, considering 
commodity value and key alternative sourcing economics. 

 For the remaining balance of the commodities, the composition of these trades was 
examined and the appropriate Nathan Study growth rates applied on a total 
commodity or commodity group basis. 

The core trade forecast was adjusted based on scenario demand drivers, including 
GDP/per capita personal income, trade agreements and subsidy policies, product value, 
and changes in sources and uses. Specific commodities also have their own scenario 
demand drivers, such as steel production trends affecting steel products, scrap and 
metallurgical coke; and refining capacities and configurations, affecting petroleum coke. 

The trade forecast was adjusted in the analysis for each toll scenario, based on the 
sensitivity of each commodity to toll increases.  The adjusted forecast was then used as an 
input to the route-fleet allocation analysis, which allocates cargo on each of the major 
routes to a distribution of ship sizes (from the Nathan Study).  The commodities and 
routes that were not explicitly analyzed – about 17 percent of total tonnage – were 
aggregated by route and allocated to ship sizes as well.  The analysis tests each route 
under cost and operating parameters defined in the scenarios to determine whether ships 
would select the Canal route or an alternative.  Summaries were generated for tonnage, 
transits, PCUMS, and toll revenue for each scenario.  Detailed analyses of each 
commodity follow. 
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2.  Semi-Finished and Finished Steel Products 

Background 

World steel production reached 970 million tons in 2003, and according to the 
International Iron and Steel Institute, is expected to reach 1 billion tons at the end of 
2004. For the first time in 20 years, there is worldwide growth in demand for steel, which 
is expected to lead to tightening of supplies and higher prices: 

 In the US, demand is being driven by the booming housing industry. In addition, the 
auto industry is showing signs of recovery as US GDP growth improves. 

 In Europe, demand for steel is being driven by a buoyant housing and white goods 
industry, according to industry sources.  

 In India, China, and other Asian countries, infrastructure investment continues apace. 
China is consuming steel like never before for projects such as the Three Gorges Dam 
on the Yangtze River, the Beijing Olympics in 2008 and the Shanghai Expo in 2010. 

 Russia and other CIS nations are witnessing strong internal demand.  

 Iraq reconstruction work is expected to fuel further demand for steel over the next 
three years. 

A total of 40 nations supply 97 percent of the world’s crude steel. Multiple sources of 
steel production are increasing due to the greater use of mini-mills.  There are however 
major production constraints in late 2003 due to shortages of steel raw materials.4 

 Particularly in the United States, coke is in very short supply. US Steel is the only 
major seller and all of the other major mills are buyers.  US Steel has notified some 
customers that it will not be delivering coke to them in 2004.   

 Iron ore on the international market is in short supply, principally because exports to 
China rose to about 150 million tons in 2003, versus 110 million tons in 2002 and 40 
million tons just several years ago.  Deliveries to China in 2004 might rise to 180 
million tons.  

 Some steel mills in Europe and the United States could not restart idle blast furnaces 
because of shortages of iron ore and coke.  Some European steel mills may have 
reduced their export offerings in the short term.  

 In addition, steel scrap prices have risen sharply. Certain steel mills are approaching 
their credit limit with scrap dealers and thus may have difficulty acquiring material.  

                                                 

4 Steel Success Strategies – Europe Conference, Paris, December 1-2, 2003. 
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There is also a shortage of large ocean carriers to carry iron ore. The Capesize bulk 
carrier spot freight rate to carry iron ore from Brazil to China has risen from $8 to $33 per 
ton in less than two years. Iron ore only sells for $20 per ton, FOB Brazil. The Chinese 
steel industry needs to import an additional 30 million tons of ore, as well as purchase 
additional coking coal due to the coking coal shortage in China; 25-30 Capesize ships 
might be needed to meet this requirement alone.   

The Capesize and OBO (oil/bulk/ore combined carrier) fleet, which numbers about 500 
ships, is expected to expand by 75 new ships during 2003-2005, according to shipbroker 
SSY, equivalent to a 15 percent increase in capacity (prior to retirements).  At present, 
world shipyards are fully booked building highly profitable double-hulled oil tankers, so 
construction of Capesize vessels cannot rise sharply until 2006.   

Key Markets 

United States 

The financial crisis that began in Asia in 1997 led to the “dumping” of low-priced steel on 
US markets; as a result, from 1997 to 1998, Korean shipments of steel to the US surged 
109 percent, making South Korea one of the top five US sources of steel imports.  In 
response to this surge from Korea and other steel producing countries, the US Congress 
pressured the Administration to grant safeguard relief under Section 201 of the Trade Act 
of 1974 for US steel producers by raising import tariffs.  Although the Clinton 
Administration imposed anti-dumping duties on limited products such as stainless steel 
plate in coils, sheet and strip, steel became an even more prominent trade issue in 2001.  
President Bush raised tariffs as high as 30 percent on 600 steel products, resulting in a 46 
percent decline in steel imports between 2001 and 2003.   

The tariffs were aimed at steel imports from Europe, Japan, Korea, Brazil and Russia.  
Imports from Canada, Mexico, Israel and Jordan were excluded from the tariffs. The 
European Union and other countries immediately filed a complaint with the World Trade 
Organization (WTO), which determined that the US action violated global trade rules. 
Facing retaliation and a trade war, President Bush lifted import tariffs after 21 months in 
December 2003. This decision should have a positive effect on Canal trade if producers 
have sufficient raw materials to produce steel for export to the United States. 

Additionally, the strength of the euro versus the US dollar in 2003 had a significant 
impact on world steel export prices, making EU steel mills noncompetitive on the world 
export market except at fairly high price levels. If present currency exchange rate policies 
remain unchanged, European steel exports to the United States are unlikely to increase 
dramatically despite the lifting of import tariffs. 

China  
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Chinese steel production is increasing rapidly – from 129 million tons in 2000 to 182 
million tons in 2002, and is expected to reach 260 million tons in 2004, unless affected by 
constraints on port capacity, electric power, etc. In particular, if steel production 
continues growing at a high rate, there might not be enough iron ore available for China 
to import – or enough Capesize vessels to ship it in.   

The International Iron and Steel Institute forecasts growth of 9.3-12.2 percent in Chinese 
finished steel production until 2007, whereas steel production in the rest of the world will 
grow by only 1.3-2.8 percent (Exhibit C-1). 

Exhibit C-1 
World Finished Steel Production Forecast 

  Production Production Growth 
  (in million metric tons) (percent annual change) 

  2002 2007 1997-2002 2002-2007 
 Country/Region  Low Medium High  Low Medium High 

China 211 330 355 375 15.3% 9.3% 10.9% 12.2% 

Japan 72 65 67 69 -2.7% -1.9% -1.3% -0.8% 

Other Asia 145 167 172 176 2.5% 2.8% 3.4% 3.9% 

European Union 138 142 144 150 1.3% 0.5% 0.9% 1.6% 

Former Soviet 
Union 68 76 80 85 2.7% 2.0% 3.1% 4.3% 

NAFTA 133 142 149 155 -0.3% 1.4% 2.3% 3.2% 

South America 28 31 33 35 -0.2% 2.2% 3.5% 4.7% 

Others 36 38 41 44 2.8% 1.3% 2.9% 4.3% 

World 831 991 1041 1089 3.6% 3.6% 4.6% 5.5% 
Source: International Iron and Steel Institute, Short Range Outlook and Medium Term Forecast, 37th IISI Annual Conference, October 6, 
2003, Chicago, pages 21-26  

In terms of imports, China imported 11 million tons of steel in 2002. To protect domestic 
steel producers, it imposed import tariffs for three years, effective November 2002, on 
cold-rolled thin plate steel, hot-rolled thin plate steel, cold-rolled stainless steel, pre-
coated galvanized steel and non-grain-oriented silicon steel. China reversed course, 
however, in December 2003, following the US government’s decision to lift import tariffs 
for US markets and due to its obligations under WTO regulations. China’s average tariff 
level on steel imports will decline by 50 percent under WTO. As a result, Chinese steel 
imports are expected to hit 30 million tons in 2004.  

By 2010, however, according to forecasts provided by China’s Metallurgical Industry 
Planning Institute and Beijing Science and Technology, China will experience 
steelmaking overcapacity, due to the rapid expansion of domestic steel production.  
Apparent steel consumption is expected to reach between 280 and 340 million tons while 
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supply is projected to be 445 million tons.  In such a case, China may reinstate tariffs and 
restrict steel imports to reduce overcapacity.5 

Brazil  

Brazil is Latin America’s leading steel producer, accounting for more than 50 percent of 
total volume, followed by Mexico and Argentina. 

Because of its low production costs and rich iron ore deposits, Brazil is considered to 
have a great future in the steel business but has not lived up to perhaps over-optimistic 
expectations.  A lack of energy resources, political and economic instability, and high 
port costs have all contributed to the slow development of the industry.  

However, current global market conditions, especially strong demand from China and 
other Asian markets, favor Brazil as an exporter. Westbound trades that originate from 
Brazil to the US West Coast will be affected by the recent expiration of import tariffs, and 
thus higher growth can be expected over the short term. 

Key Traffic Routes 

Westbound 

Steel shipments originating from East Coast South America, Europe, and East Coast 
United States constituted 93 percent of westbound steel volume moving through the 
Canal in 2003. Westbound Panama Canal steel trades have grown by 2.3 percent per year 
since 1998, primarily driven by demand from Asia, West Coast South America, and West 
Coast United States.  

The fastest growing trades within the last five years have been ECUS to Asia, with 54 
percent compound annual growth, followed by ECSA to Asia, with 33 percent compound 
annual growth (Exhibits C-2 and C-3). 

                                                 
5 Source: Presentation by Masato Mori, President & CEO, Nippon Steel USA, Inc. at American Institute for 
International Steel Convention, March 15, 2004, Las Vegas, Nevada. 



Panama Canal Market Demand Forecast Appendixes            

Mercer Management Consulting C-12

Exhibit C-2 
Panama Canal Westbound Steel Shipments, 1995-2003 
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Source: ACP, Mercer analysis.   

Exhibit C-3 
Panama Canal Westbound Steel Origins, 1995-2003 
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           Source: ACP, Mercer analysis. 

Eastbound  

Steel shipments originating from Asia and West Coast Central America dominate Canal 
eastbound traffic, accounting for 93 percent of total eastbound steel volume (Exhibit C-4).  
However, contrary to westbound traffic, eastbound steel volume has declined by 19 
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percent a year since 1998.  The key driver for this dramatic decline was the reduction of 
Asian steel exports to the United States East Coast, from 5.8 million tons in 1998 to 1.8 
million tons in 2003, due to the imposition of import tariffs from 1999 to December 2003.  

Japan and South Korea account for 70 percent of US steel imports from Asia. With the 
lifting of tariffs, eastbound steel volumes to the United States are expected to rebound.  

Exhibit C-4 
Panama Canal Eastbound Steel Origins, 1995-2003 
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Source: ACP, Mercer analysis.  

Demand Forecast 

Mercer defined a base case and two alternative scenarios for the steel forecast. For the 
base case scenario, Mercer applied growth rates from the Nathan Study to FY2003 actual 
shipment statistics provided by the ACP and then adjusted growth rates for 2003-2005, 
and for each five-year period thereafter, to reflect recent trends and developments. The 
predictability of certain trades is unclear, however. Short-term changes in steel trades 
between the United States, Asia, and Europe in particular have been volatile due to tariff 
and currency issues, and a review of historical trends for the same trade route shows 
volatility over a longer period as well.  The on and off nature of import tariffs over the 
last three years, coupled with major demand increases and a shortage of steelmaking raw 
materials are key drivers of the volatility in shipment volumes and prices. 

The Nathan Study forecast methodology defined a global trade matrix based on 
production and consumption trends of world steel and applied GDP forecasts provided by 



Panama Canal Market Demand Forecast Appendixes            

Mercer Management Consulting C-14

DRI-WEFA6 for demand by region and country.  In addition, imports and exports were 
based on historical trends while adjustments were made for intra-regional and extra-
regional trades.7  

Mercer adjusted the forecast growth rates provided in the most probable case by defining 
key events and drivers that have been affecting each major trade route.  The following 
key events were taken into consideration for steel trades: 

 Steel import tariffs imposed by the United States and China 

 Availability of steel-making raw materials 

 Future demand and import capacity (China, United States, West Coast South 
America) 

 Future demand and export capacity (Asia, Europe, East Coast Central America) 

 Currency exchange policy (US dollar versus euro) 

For the alternative scenarios, two major events could affect the base case scenario: steel 
demand levels and trade policy. For example, for the westbound steel forecast, decreased 
steel demand and reinstatement of US import tariffs would result in declining shipments 
via the Canal.  

Westbound 

The forecast for westbound movements of steel through the Canal (Exhibit C-5) takes 
into account the lifting of tariffs on steel exports from Brazil and Europe to the US West 
Coast. The present low current exchange rate policy of the United States against the Euro 
will continue to make European steel exports to US less competitive  

In addition, the alternative westbound forecast includes scenarios for high demand, low 
demand and reinstated import tariffs. Under the high demand scenario, a substantial 
demand increase in China, WCCA and WCSA, and WCUS is assumed, with no tariffs 
imposed by China or the United States. The low demand scenario reflects decreased 
demand without tariffs.  The tariff scenario reflects no change in demand growth but 
takes into consideration the re-imposition of import tariffs in both the United States and 
China. 

                                                 
6 DRI-WEFA Global Macroeconomic and Trade Scenarios to 2025, prepared for the Panama Canal Authority, March, 
2002. 
7 See Transportation Study on the Dry Bulk Market Segment and the Panama Canal, Vol.2: Panama Canal’s Potential 
Market, May 19, 2003, pp 31-34. 
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Exhibit C-5 
Panama Canal Steel Traffic Westbound – Alternative Scenarios, 2001-2025 
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Source: Nathan Study, Mercer analysis.    

Eastbound 

The lifting of US import tariffs on steel originating from Asia will impact eastbound 
movements of steel through the Canal (Exhibit C-6), particularly from South Korea and 
Japan. Especially for the next 2-3 years, steel shipments from Asia to USEC are expected 
to grow faster to make up for reduced volume due to US import tariffs.  Until 2005, 
growth rates for steel from South Korea and Japan may reach as high as 8 to 15 percent 
per year. 

In addition, if future steel demand in China cannot be met due to Chinese capacity 
restrictions or the inability to supply iron ore, exports from ECSA and ECUS to China 
could increase to meet this demand. However, China is rapidly building steel capacity and 
expects to reach overcapacity by 2010, which if it occurs would then cause a decline in 
westbound steel shipments  
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Exhibit C-6 
 Panama Canal Steel Traffic Eastbound – Alternative Scenarios, 2001-2025 
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Source: Nathan Study, Mercer analysis.    

Sensitivity Analysis 

Major Uncertainties 

It is not clear if the United States will reinstate import tariffs to assist domestic steel 
producers. The present administration made promises to steel workers during the 2000 
elections but under the threat of retaliation from the EU reversed its course in an election 
year.  After the 2004 election, a new government could reconsider import tariffs or other 
means to help US steel mills. 

It is also unclear whether China will attempt to re-impose import tariffs if and when it 
reaches overcapacity in domestic steel production. 

Toll Sensitivity 

Panama Canal tolls represent only 0.6 to 1 percent of FOB price for steel products, 
suggesting that higher tolls may not restrain movements of steel via the Canal.  FOB price 
for steel products fluctuates between $300 and $500 per ton.  Tolls represent about 10 to 
20 percent of gross profits per ton for a typical handymax cargo ship carrying HR coils.  
However, steel trades are highly regulated, and import tariffs imposed by governments 
can cause sudden shifts in trading patterns and diversion of cargo.   
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Given that steel is widely produced, import tariffs and production costs are the major 
determinant of trade diversions.  Therefore, steel shipments are likely to have a low 
sensitivity to toll increases.   

Mercer also conducted a total delivery cost comparison of steel shipments from a major 
competing origin (Gdansk) that does not use the Panama Canal with one that does (Pusan) 
(Exhibit C-7).  Due to the lower FOB steel price in South Korea, deliveries via the Canal 
have a cost advantage despite higher ocean freight costs and the inclusion of Canal tolls; 
the $22 per ton advantage is several times current tolls. 

Exhibit C-7 
Toll Sensitivity of Panama Canal Steel Traffic 
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           Source: Mercer analysis.   

3.  Phosphate and Other Fertilizers 

Background 

Global fertilizer consumption has increased substantially since 1950, to 138 million tons 
(nitrogenous, phosphate, and potash) in 2002, with the only decline in use occurring in 
the former Soviet Union at the beginning of the 1990’s (Exhibit C-8).  World fertilizer 
consumption is projected to grow by 3.3 percent per year between 2002 and 2006, to 157 
million metric tons annually.  The International Fertilizer Industry Association (IFA) 
forecasts that total annual fertilizer use could reach 199 million tons by 2030, 
representing growth of 1.3 percent per year (assuming a slowdown in population growth 
and improvement in fertilizer use efficiency).  

Improving economic conditions will likely drive higher fertilizer consumption in 
developing countries, particularly China and in South Asia and Latin America. Demand 
in Central Europe and the former Soviet Union is also forecast to increase, while 
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consumption in mature markets such as Europe and Japan is projected to decline due to 
environmental pressures and agricultural reforms. 

Exhibit C-8 
World Fertilizer Consumption, 1962-2002 

(000 metric tons, years ending June 30)8 
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Source: International Fertilizer Industry Association, “Total Fertilizer Consumption Statistics by Region”, Updated December 
2003, http://www.fertilizer.org/ifa/statistics.asp 

Nitrogenous fertilizers account for 60 percent of the fertilizer market (82 million tons in 
2002) (Exhibits C-9 and C-10). Urea is the most commonly used nitrogenous fertilizer; 
with global consumption of 44 million tons in 2002 (54 percent of nitrogenous fertilizer 
use). World urea consumption is forecast to grow by 2 percent per year, slower than 
capacity growth of 3.6 percent per year. Ammonium nitrate and other compounds account 
for the remaining share of nitrogenous fertilizers. International trade amounts to about 4.5 
million tons per annum, 60 percent as concentrated ammonium nitrate, and 40 percent as 
calcium ammonium nitrate.   

                                                 
8 For countries that report their fertilizer statistics on a calendar-year basis, data are shown under the fertilizer year that 
begins in that calendar year; for example, 2001 data are under 2001/02. 
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Exhibit C-9 
Production Process for Mineral Fertilizers 

Nutrients Source Intermediates Products

Nitrogen (N) Nitrogen from Air Ammonia Urea (N)

Ammonium Nitrate (N)

Nitric Acid Calcium Ammonium Nitrate (N)

Nitrogen Solutions (N)

Phosphore (P) Phosphate Rock Phosphoric Acid Ammonium Phosphates (NP) DAP & MAP

Ammonium Sulphate (NS)

Sulphur (S) Sulphur Source Sulphuric Acid Superphosphates (P)

Potassium (K) Potash Compound Fertilizers (NPK, NK, PK)

 
Source:  European Fertilizer Manufacturers Association, Mineral Fertilizer Production Processes, Figure 1, 
http://www.efma.org/statistics/section07.asp. 

 
Exhibit C-10 

World Nitrogen Fertilizer Consumption by Region, 1960-2001 
(as a percentage of total world consumption) 
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Source: International Fertilizer Industry Association, Total Fertilizer Consumption Statistics by Region”, Updated 
December 2003, http://www.fertilizer.org/ifa/statistics.asp. 
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Phosphate 

Phosphate consumption in Asia and developing countries has been growing rapidly in 
recent years. DAP (diammonium phosphate) is currently the main phosphate fertilizer 
traded in Asia.   

Global phosphate rock production in 2002 reached 136 million tons, an increase of 8 
percent over 2001. Production of phosphoric acid and processed phosphates also 
increased, but exports of processed phosphates remained flat, reflecting a growing trend 
of rising local production using local and imported raw materials and intermediates. 
World phosphate rock exports fell from 53 million tons in 1979 to 27 million tons in 1993 
but subsequently increased to stabilize at around 30 million tons.  

Key Markets 

World fertilizer trade has increased by around 2 percent a year since 1990, accounting for 
31 percent of world consumption of nitrogen fertilizers and 40 percent of world 
consumption of phosphate fertilizers.9  In regional terms (Exhibits C-11 and C-12): 
 Russia and the Ukraine experienced growth over 1998-2002 in exports of nitrogenous 

fertilizers. The largest importer of nitrogen in 2002 was the United States. The flow of 
imports into the EU, mainly from Russia and Ukraine, is also expected to continue 
increasing. 

 The major exporters of phosphate fertilizers in 2002 were the United States, Morocco, 
and Russia, although the US trade has been declining slightly since 1998. China and 
Brazil are the largest importers of phosphate fertilizers. 

 The primary exporters of potash are Canada, Russia, and Belarus (2002). The United 
States is a major importer (from Canada). China, India, and Brazil have all shown 
growth in imports over 1998-2002. 

                                                 
9 Source: International Fertilizer Industry  Association, Fertilizer Indicators, December 2002 Edition. 
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Exhibit C-11 
Major Exporters by Type of Fertilizer 
(millions of metric tons, years ending June 30th) 

Nitrogen  Phosphate  Potash 
Exporter 1998 2002 CAGR  Exporter 1998 2002 CAGR  Exporter 1998 2002 CAGR 
       98-02        98-02        98-02 
Russia 2.9 4.1 9.0%  US  5.8  4.9 -4.1%  Canada  9.0  7.8 -3.5% 

US 3.1 2.7 -3.4%  Russia  1.3  1.9 10.0%  Russia  2.8  3.6 6.5% 

Ukraine 1.3 1.7 6.9%  Morocco  0.9  1.2 7.5%  Belarus  2.5  3.2 6.4% 

Canada 2.1 1.5 -8.1%  Tunisia  0.7  0.9 6.5%  Germany  2.9  2.8 -0.9% 

Belgium 1.1 1.1 0.0%  Belgium  0.3  0.4 7.5%  Israel  1.6  1.6 0.0% 

Source: The Fertilizer Institute, Major Fertilizer Exporting Countries, http://www.tfi.org/Statistics/largestexporters.asp 

Exhibit C-12 
Major Importers by Type of Fertilizer 
(millions of metric tons, years ending June 30th) 

Nitrogen  Phosphate  Potash 
Importer 1998 2002 CAGR  Importer 1998 2002 CAGR  Importer 1998 2002 CAGR 
   98-02     98-02     98-02 
USA 4.6 6.60 9.4%  China  3.1  1.8 -12.7%  USA  5.7  5.3 -1.8% 

France 1.3 0.40 -25.5%  Brazil  0.7  1.2 14.4%  China  3.4  4.0 4.1% 

Germany 1.3 1.10 -4.1%  Australia  0.7  0.6 -3.8%  Brazil  2.1  2.6 5.5% 

China 2.3 1.10 -16.8%  France  0.6  0.5 -4.5%  India  1.4  1.7 5.0% 
Brazil 0.7 1.10 12.0%  India  0.7  0.5 -8.1%  France  1.4  1.2 -3.8% 

Source: The Fertilizer Institute, Major Fertilizer Importing Countries, http://www.tfi.org/Statistics/largestimporters.asp China and India 

China and India produce 40 percent of the world’s nitrogen fertilizers. China and India 
also consume 60 percent of the world urea supply. In China, ammonia and urea 
production continue to increase at high rates. During the next five years, capacity 
additions will increase urea production in China by 20 percent or 3.5 million tons, to 20.7 
million tons in 2007. In India, current urea capacity is estimated at 9.2 million tons; no 
additional capacity however is expected to come online before 2007.   

Increased production capacity will likely slow nitrogen imports into China and India, 
although China’s admission into the WTO and recent government initiatives in India to 
reduce import tariffs may factor into import growth. 

About 25 percent of world urea production is exported. Panama Canal transits of urea are 
small, around 600,000 tons annually.  However, demand for urea and replacement of 
other types of fertilizers is a key driver affecting phosphate trades between the United 
States and Asia.   

Due to low quality and high cost domestic production, developing Asia remains a net 
importer of phosphate. China’s phosphate fertilizer consumption is expected to reach 9.5 
million tons in 2005, compared to 8.3 million tons in 2000. China and India are the 
largest diammonium phosphate (DAP) importing nations.  If, due to production increases, 
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China and India substitute urea for phosphate usage, shipments of phosphate from the 
United States to Asia would decline. 

United States 

The United States is the leading exporter of diammonium phosphate (DAP) and 
monoammonium phosphate (MAP) fertilizers (Exhibit C-13). In 2002, 62 percent of US 
DAP exports were destined to China. US DAP exports have declined by 8.8 percent per 
year since 1999, from 10.5 million short tons to 6.5 million short tons in 2002, while 
MAP exports have grown by 9.7 percent a year, from 1.7 million tons to 2.7 million tons 
in the last four years. 

Although the production of DAP and MAP has been recovering from the low levels of 
2001, several producers continue to face financial difficulties, and several shut down 
DAP plants in 2003. The most important recent capacity change was the reactivation of a 
large DAP complex in North Carolina, which had been shut down in 2001. The former 
Soviet Union and Jordan also export DAP to Asia. 

In addition, the United States and Morocco are leading producers of phosphate rock. The 
US industry has greatly reduced its exports of phosphate rock, however, preferring to 
concentrate on downstream processing. US rock exports declined from 6.9 million tons in 
1990 to only 67,000 tons in 2003. 

Exhibit C-13 
United States Fertilizer Exports, 1999-2003 
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Source: The Fertilizer Institute, United States Phosphate Exports/Imports 1999-2003, 
http://www.tfi.org/Statistics/uspexim2.asp 
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Key Traffic Routes 

Nitrogenous and phosphate fertilizers originating from East Coast United States and 
Europe dominate westbound Canal shipments, with Asia and Latin America as the major 
destination markets (Exhibit C-14).   

Westbound fertilizer transits (nitrate and phosphate) declined by 6.7 percent per year 
from 1998 to 2003.  The key driver of this decline is the focus of China and India on 
building domestic capacity in nitrogenous fertilizer production.  However, until China 
builds DAP capacity, there will be continued demand for DAP imports from the United 
States.  

According to the ACP, in fiscal year 2003, 6.8 million tons of miscellaneous fertilizers 
and 1.9 million tons of phosphate transited the Canal westbound, compared to 583,000 
tons in total eastbound transits (Exhibits C-15 and C-16).   

Exhibit C-14 
Major Panama Canal Fertilizer Trade Routes – Fiscal Year 2003 

  

  
From ECUS to 
(000 long tons) 

From ECUS to 
(% of total traffic) 

Product WCCA WCSA Asia WCCA WCSA Asia 

Nitrogenous (N) 365 406 2116 66% 70% 65% 

Phosphates (P) 90 91 1120 16% 16% 34% 

Potash (K) 23 19 12 4% 3% 0% 

Other 79 67 3 14% 11% 0% 

Total 557 583 3251 100% 100% 100% 

  
From Europe to 
(000 long tons) 

From Europe to 
(% of total traffic) 

Product WCCA WCSA WCUS WCCA WCSA WCUS 
Nitrogenous (N) 1105 970 461 86% 94% 86% 

Phosphates (P) 18 20 42 1% 2% 8% 

Potash (K)  40 12 0% 4% 2% 

Other 163 6 20 13% 1% 4% 

Total 1286 1036 535 100% 100% 100% 
Source: ACP, Mercer analysis. 
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Exhibit C-15 
Panama Canal Westbound Phosphate Traffic, 1995-2003 
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Source: ACP, Mercer analysis. 

 
Exhibit C-16 

Panama Canal Eastbound Misc. Fertilizer Traffic, 1995-2003 
(000 long tons) 
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Source: ACP, Mercer analysis. 
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Demand Forecast 

Forecast Methodology 

Actual Panama Canal shipments of fertilizers were 10.7 million tons in 2003. 
Miscellaneous and phosphate fertilizers constitute over 86 percent of movements of 
fertilizer through the Canal (Exhibit C-17). 

Exhibit C-17 
Panama Canal Fertilizer Shipment Volume, 2003 

 

Type of Fertilizer 
2003 Shipment 

Volume        
(000 long tons) 

Share of 
Total 

Misc. Fertilizers 

Phosphate 

Sulphur 

Urea 

Sodium Nitrate 

6,986 

2,249 

624 

533 

336 

65% 

21% 

6% 

5% 

3% 

Total 10,728 100% 
 Source: ACP. 

Mercer reviewed the Nathan Study’s fertilizer forecast and incorporated its growth rates 
as the basis of the demand forecast.  It should be noted that the Nathan Study segmented 
the fertilizer market into five categories: nitrates, phosphate, sulfur, urea, and 
miscellaneous fertilizers.  Because of the discrepancies between Nathan’s potential Canal 
trade and actual ACP data and the absence of detailed segmentation of miscellaneous 
fertilizers into sub-categories, it was not possible to apply Nathan’s growth rates at the 
commodity level.  Therefore, Mercer aggregated the miscellaneous fertilizer and 
phosphate categories into one group, with growth rates based on Nathan’s projection for 
the entire commodity group.  

Mercer then reviewed the FAO world fertilizer forecast completed in June 2003 to adjust 
Nathan’s forecast growth rates for mid-term projections between 2003 and 2010 (Exhibit 
C-18). For nitrogen-based fertilizers, the FAO forecast that world demand would increase 
by an annual rate of 1.2 percent until 2007/08, for an overall increase of 5.2 million tons 
over 2002. Demand is expected to grow in all regions with the exception of Western 
Europe, where a decline of 0.2 million tons by 2007/2008 is forecast. Most of the growth 
will take place in Asia (73 percent), Latin America (12 percent) and Africa and North 
America (5 percent), with Oceania growing by 3 percent. Demand in Eastern Europe and 
Central Asia and in Central Europe should recover and increase by 1-2 percent during 
2002-2007/08.  

For phosphate-based fertilizers, world demand is forecast to grow by 2.6 percent per year 
until 2007/08 (overall increase of 3 million tons over 2002). About 78 percent of this 
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growth will be in Asia. The decline in demand forecast for Western Europe (3 percent) is 
lower than previously forecast. Consumption in Central Europe should increase by about 
2 percent, while consumption in Eastern Europe and Central Asia will probably rise by 
about 2.5 percent per year. 

Exhibit C-18 
FAO Fertilizer Forecast by Region 

(000 metric tons) 
Nitrogen Fertilizers 
  Consumption Supply/Demand Balance 

  
2003  
/04 

2004  
/05 

2005  
/06 

2006  
/07 

2007/08 CAGR 2003 /04 2004  /05 
2005  
/06 

2006  
/07 

2007  
/08 

CAGR 

North 
America 

12,294 12,297 12,274 12,391 12,545 0.4% (1,972) (2,068) (2,141) (2,355) (2,607) 5.7% 

Latin America 5,411 5,554 5,695 5,846 6,008 2.1% 2,596 2,591 2,597 2,544 2,485 -0.9% 

Asia 50,969 51,834 53,136 53,944 54,747 1.4% (1,154) (1,276) (541) 286 1,166 #NUM! 

Europe 11,649 11,626 11,620 11,608 11,579 -0.1% (255) (242) (247) (244) (224) -2.6% 

 
Phosphate Fertilizers 
  Consumption Supply/Demand Balance 

  2003 /04 2004 /05 2005 /06 2006 /07 2007 /08 CAGR 2003 /04 2004 /05 2005 /06 2006 /07 2007 /08 CAGR 

North 
America 

4,825 4,817 4,810 4,803 4,795 -0.1% 6,094 6,044 6,050 6,057 6,064 -0.1% 

Latin 
America 

3,927 4,045 4,158 4,248 4,360 2.1% (2,945) (2,644) (2,777) (2,824) (2,950) 0.0% 

Asia 18,763 19,340 19,921 20,508 21,096 2.4% (1,154) (1,276) (541) 286 1,166 #NUM! 

Europe 3,518 3,508 3,500 3,493 3,482 -0.2% (1,734) (1,803) (1,810) (1,796) (1,796) 0.7% 

Oceania 1,713 1,742 1,772 1,804 1,837 1.4% (606) (600) (617) (635) (653) 1.5% 

Source: Current World Fertilizer Trends and Outlook to 2007-2008, FAO, July 2003; Mercer analysis. 

The forecast was further adjusted based on consideration of the following key drivers: 

 Availability of low-cost raw materials: The natural resources required to produce 
fertilizers are geographically concentrated. The location of basic production capacity 
for all fertilizers is increasingly being dictated by the availability of low-cost raw 
materials (natural gas, phosphate rock, and sculpture). 

 Import tariffs: China and India are two key import markets for ECUS and ECSA to 
Asia trades. In the past, these two countries dominated the import market for urea in 
Asia, but domestic capacity expansions assisted by government subsidies and/or trade 
restrictions have reduced import demand in these countries to much lower levels. 
However, China became an official member of the World Trade Organization (WTO) 
on December 2001. The WTO will require China to abolish fixed quota tariffs on all 
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fertilizer imports and replace them with a tariff rate quota system (TRQ), which 
would cover DAP, urea, and NPK, with initial import quotas of 5.4 million, 1.3 
million, and 2.7 million tons respectively.  In addition, China has agreed to open the 
fertilizer wholesale and retail market within five years after its accession.10 This event 
should increase fertilizer imports to China, depending on domestic production 
capacity. 

 Area Under Cultivation, WCCA/WCSA: Increases in area under cultivation on the 
Pacific coast of Latin America could impact fertilizer imports for the countries in this 
region. 

As noted above, Mercer adjusted the westbound fertilizer forecast for miscellaneous 
fertilizers and phosphates as a single group, based on ACP actual data, the FAO forecast, 
and the key drivers listed above, to develop a base case scenario. Mercer also developed 
alternative scenarios, which consider two additional factors that could have a negative or 
positive impact on Canal transits, i.e., that higher natural gas prices and increased 
fertilizer production capacity in importing countries would reduce shipments of 
nitrogenous and phosphate fertilizers to Asia. 

Westbound 

Phosphate shipments from Tampa, Florida to China and nitrogenous fertilizer shipments 
originating from Russia and Ukraine dominate Canal westbound fertilizer shipments. 
Westbound shipments also represent 94 percent of total fertilizer volumes transiting the 
Canal. 

Mercer assumed that DAP shipments from Tampa, Florida will continue to grow, since 
the US is a major supplier to world markets and Chinese and Indian DAP production 
capacity is limited.  Mercer adjusted the Nathan Study’s growth rates for ECUS and 
Europe to WCCA and WCSA fertilizer shipments based on the FAO’s mid-term import 
projections and available fertilized area.  In WCCA and WCSA countries, fertilizer is 
applied over less than 50 percent of available cultivated area, except in Guatemala, due to 
the country’s extensively developed sugar cane fields (Exhibit C-19). Assuming these 
agricultural areas will demand fertilizer in the future, the Nathan Study’s growth rates 
were increased and correlated with the FAO forecast for the base case projections. 

                                                 
10 Source: United Nations Development and Information Network for Asia and the Pacific (FADINAP), Agro-
Chemicals Report, Vol. II, No.4, October-December 2002.  
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Exhibit C-19 
Fertilized Cultivated Area in West Coast Central and South America 

(percent area fertilized) 
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Source: Mercer analysis of Food and Agriculture Organization of the United Nations, FAOSTAT 
Agricultural Database, Domain: Land Use, Last Update: August 22, 2003, 
http://faostat.fao.org/faostat/collections?subset=agriculture  

Mercer also created two alternative scenarios to the base case. The high demand scenario 
is based on low natural gas prices, which are a key driver for ammonia and fertilizer 
production, and no domestic production capacity increase. Under this scenario, affordable 
fertilizer will be traded to developing countries in WCCA, WCSA, and Asia, assuming 
that they will not build urea and DAP fertilizer plants. The low demand scenario assumes 
the opposite: Higher natural gas prices for suppliers and domestic capacity increases in 
demand regions would reduce Canal traffic (Exhibits C-20 and C-21). 
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Exhibit C-20 
Panama Canal Westbound Fertilizer Traffic –                                     

Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 

Exhibit C-21 
Panama Canal Eastbound Fertilizer Traffic –                                     

Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 
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Sensitivity Analysis 

Toll Sensitivity 

FOB price for phosphate fertilizers (DAP) is about $180 per ton.  Tolls represent 1 to 2 
percent of the FOB price.  Based on total delivery cost, fertilizer shipments are not 
sensitive to a toll increase.  In terms of gross profit margin of $14 per ton for DAP 
shipments from Tampa to China, tolls represent 15 percent of the profit margin. 

The world fertilizer market has been globalized since the 1990s, and deepwater low-cost 
fertilizer producers now compete effectively in all major open markets in the world.  
However, government policies continue to impact the supply of and demand for fertilizer 
in the two largest markets, China and India.  For example, China’s ban on fertilizer 
imports in 1997, and India’s import restrictions to build domestic capacity, caused rapid 
price fluctuations and ocean freight rates to drop.  

In the case of nitrogen fertilizers, the price of natural gas and production of ammonia are 
key determinants of regional cost advantages. However, phosphate trades depend on the 
availability of low-cost phosphate rock and the number of suppliers is limited.  Therefore, 
a rapid shift in phosphate trade diversion is not likely with a toll increase.   Since the 
United States is a major supplier of phosphate fertilizers to Asia, toll sensitivity is low for 
buyers such as India and China, which are increasing DAP capacity at a slower pace than 
they are building urea production capacity. 

In terms of total delivery cost, a comparison of competing routes based on FOB price and 
ocean freight determined that Canal westbound shipments of  DAP from Tampa to China 
have a $23 per ton disadvantage versus shipments originating from Odessa, Ukraine 
(Exhibit C-22).  Despite Suez Canal tolls for the Odessa shipment, Ukrainian DAP prices 
are about $15 per ton cheaper than US prices.    

In conclusion, due to limited sourcing options and low-cost raw materials, fertilizer 
shipments have a low sensitivity to a toll increase.  Mercer estimated that less than 10 
percent of Canal fertilizer shipments in both directions might be diverted as a result of a 
toll increase of up to 400 percent.   
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Exhibit C-22 
Panama Canal Fertilizer Traffic – Toll Sensitivity 
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       Source: Mercer analysis, Agrium Corporation 10K report, 2003. 

4.  Salt 

Background 

Salt is produced and traded globally for a number of uses, the most important being for 
chemical production, road de-icing, and direct consumption. Salt is found in almost all 
countries of the world and is mined in a variety of ways. Consumption is tied to overall 
economic activity, with higher usage levels in northern regions because of salt’s use as a 
de-icer.  Trade is fragmented; the United States, which is the main destination for salt 
transiting the Canal, exports salt to 69 countries and imports it from 40.11 Imports to the 
US exceed exports, however, as salt is a low-value commodity with a high degree of price 
sensitivity.  This tends to favor production in countries with low wage structures and 
ocean freight over truck and rail. 

The Nathan Study forecasts a modest decline in salt trade through the Canal based on 
reduced use of PVCs, lower food salt consumption, and the expectation that global 
warming has reduced demand for road salt. In fact, substantially all salt that transits the 
Canal is road salt destined for the US Northeast; therefore, other uses of salt were 
excluded from the analysis.  Road salt demand is driven primarily by weather conditions, 
but correlation with any of the standard weather metrics has proven difficult; the Salt 
Institute is attempting to derive a “winter severity index” that is indicative of salt use but 
has not yet succeeded.12 Total precipitation and average temperatures are inadequate to 
predict salt demand because small variations in temperature around the freezing point and 
the nature of the precipitation (frequency, quantity, and ambient temperature) affect the 

                                                 
11 U.S. Geological Survey Minerals Yearbook, 2002. 
12 Richard Hanneman, President, Salt Institute, February 23, 2004. 
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amount of salt used. Environmental concerns, such as the potential for road salt to 
penetrate into watersheds, also impacts decisions on where and when to apply salt.  

In addition to weather-driven variations in demand, the policies, technologies, and 
economics of application determine actual use. Technologies such as micro-forecasting 
and computer-controlled application can decrease the volume of salt required.  Through 
improved corrosion resistance of bridges and vehicles, technology also reduces the 
ancillary costs of using salt, enabling greater usage.  From a budgetary perspective, 
localized savings in use enable more frequent application to provide greater safety and 
maintain roadway efficiency. In the long term, road construction--the growth of lane 
miles--will have the greatest effect on road salt consumption. 

Key Markets 

Salt from WC Latin America to the US Northeast competes with locally mined salt, of 
which there is ample supply.  Salt arriving at New York, Baltimore, Philadelphia, Boston, 
and Portland, ME has an advantage within the radius of the ports that varies with shipping 
costs.  In the medium term (a single season), domestic suppliers can increase production 
to meet opportunities that arise from price fluctuations.  In the long term, domestic supply 
is sufficient to meet all regional demand.  

Salt from the West Coast of South America and Central America to East Coast United 
States accounted for 91 percent of 2003 Canal tonnage of this commodity.   

Key Traffic Routes 

Eastbound Only 

Ninety-one percent of salt transiting the Canal moves eastbound from the West Coast of 
Latin America to the United States; 75 percent is from Chile and the remainder from 
Mexico (Exhibit C-23).  Of the salt arriving on the US Gulf and US East Coasts, 86 
percent is destined for the North Atlantic ports of New York, Portland, Baltimore, 
Boston, Philadelphia, Providence, and Norfolk.  There is a moderately strong correlation 
between US highway salt sales and eastbound Canal salt volume (Exhibit C-24). 
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Exhibit C-23 
Panama Canal Salt Traffic, 1995-2003 
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Exhibit C-24 
Canal Salt Traffic versus US Highway Salt Sales 
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Demand Forecast 

Eastbound Only 

The most likely alternative to the Nathan Study’s forecast is that rather than decline, the 
salt trade will continue to grow, albeit at a slower rate than GDP. In addition to 
discounting the impact of salt for uses other than road application, the alternative scenario 
is neutral regarding global warming.  First, it is unclear exactly how global warming will 
affect the region that consumes salt shipped through the Canal; temperatures may rise or a 
‘mini-ice-age’ may lower temperatures.  Second, warmer temperatures do not necessarily 
point to reduced salt use. If, for example, warmer temperatures increase precipitation or 
increase the area in the -4° to 0°C band at which salt is most effective, the demand for salt 
could actually rise.   

Because road salt sales have been volatile in recent years, the average of three 30-year 
growth rates for highway salt sales in the US was used to determine the growth rate to 
2025.  The resulting 1.9 percent growth rate is approximately half of the 4.0 percent real 
GDP growth forecast by DRI-WEFA in the most probable case macroeconomic scenario.  
Canal tonnage of salt has also been volatile, so the growth rate was applied to a three-year 
average for each route.  The likelihood of this scenario is judged to be as likely as that 
presented in the base forecast (50 percent).   

Exhibit C-25 
Panama Canal Salt Traffic – Alternative Scenarios 
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Sensitivity Analysis 

Major Uncertainties 

The basic need for salt and sources and destinations are relatively stable. Uncertainty 
around the forecast relates to the rate of road construction, application procedures, and 
climate changes. 

Toll Sensitivity 

Salt imports to the ECUS through the Canal as a share of US highway salt sales have 
demonstrated a moderately strong negative correlation to time charter rates of -62 
percent.  This correlation is indicative of a high sensitivity to shipping costs.  And, 
practically, the availability of domestic salt and numerous additional sources on the 
Atlantic side of the Canal provide easy sources that can displace Canal traffic.   

Salt imports to the five key Northeast ports had an average customs value of $12.09/long 
ton in 2001 and 2002, compared to $19.88/long ton for rock salt at the mine mouth.13  
Therefore, reducing the difference by $8/ton would eliminate imports.  Any toll increase 
would affect import volumes through the Canal in proportion to the $8 per ton margin.  

5.  Thermal and Metallurgical Coal 

Background 

Coal is produced globally for two distinct markets: thermal coal for electricity generation 
and other industrial uses, and metallurgical coal (met-coal) for conversion to 
metallurgical coke used in the steelmaking process.  The sources of the two types of coal 
differ because different properties are attractive to different markets. Thermal coal is 
acquired on a cost per unit of energy basis and, recently, emissions properties.  For 
metallurgical coal, specific properties that are required in steelmaking determine its 
desirability.   

Coal is produced in many countries, and most of the 3.5 billion tons produced annually 
are consumed domestically, with only 0.5 billion tons traded internationally.  A limited 
number of producers export the majority of coal that is traded internationally and the 
Canal is relevant to a small subset of that trade. The main routes for thermal coal – South 
Africa and South America to Europe, and Australia and Indonesia to East Asia – are not 
relevant to the Canal.  Metallurgical coal, however, is an important commodity for the 
Canal.  Because of its specific characteristics, long distance trades are justified; thus 
Europe imports metallurgical coal from the West Coast of Canada rather than from closer 
sources (South America and South Africa).  Similarly, high quality coking coal was 
                                                 
13 U.S. Census Bureau, 2002, US Geological Survey Minerals Yearbook, 2002. 
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exported in the past from the US to Asia, but has been displaced by Asian and Australian 
sources.  The Canal is relevant for only about 6 percent of the total 185 million ton trade 
in met-coal (2001), but captures 43 percent of potential trade in its market (5 million tons 
in 2001); the remaining  6.5 million tons are carried on Capesize vessels around Cape 
Horn from the west coasts of Canada and the United States. 

Canal coal tonnage has decreased by 50 percent as US coal exports from traditional coal 
mining states in the East and Midwest dropped dramatically and Canadian exports 
dropped significantly as well.  No recovery is expected in US exports as its coal is not 
competitive with other global sources.  Canada’s coal industry is reorganizing and will be 
an important factor in future Canal trade.  The drivers of remaining trade are the coal 
requirements of European steel producers, the Canadian met-coal industry, and the 
relatively minor coal demand of Chile, Peru, and Guatemala.   

Key Markets 

European Imports 

On the demand side, the Canada-Europe trade is driven by European steel production and 
the derived requirement for metallurgical coal.  European imports of met-coal are 
expected to decrease 5 percent by 2025.  With relatively stable demand, the important 
question for the trade is the future of Canadian met-coal production and exports.  
Canadian met-coal competes with Australia and the United States in the European 
market.  Europe is the primary market for US met-coal (60 percent of exports) and is less 
important for Australia and Canada (25 percent of exports).   While the Canadian met-
coal industry has been going through a period of restructuring, it has emerged with larger, 
more powerful players that are well organized to maintain production levels and compete 
in the world market.  New mines are opening to make up for the loss of capacity at closed 
mines.  Additionally, Canadian mid-volatility coal is advantageous to buyers who can 
reduce handling of multiple grades that must be blended. 

South American Imports/Exports 

The East-West coal trade through the Canal supplies steam coal from Colombia and 
Venezuela to Peru, Chile, and Guatemala.  Coal is not a major source of energy for any of 
the three importers.   

 Chile uses coal-fired generators primarily as a backup to hydroelectric power during 
periods of low water.  Moreover, coal from EC South America accounts for just 10 
percent of Chilean imports on average; Chile’s imports vary between 3 and 6 million 
tons per year.    

 The largest use of imported coal in Peru is to power a mining operation, consuming 
about 300,000 tons per year, and is vulnerable to source substitution – the power plant 
is located near a gas field that is being developed and the plant could switch from coal 
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to gas once that supply is assured.  Total imports of coal have grown from ~700,000 
tons per year to about 1 million tons per year.  Canal-route sources provide 
approximately 60 percent of Peru’s import requirement.   

 Guatemala began buying coal when the 120-MW San José Power Station came online 
in 2000; the plant provides 3.8 percent of the country’s energy requirement, about 10 
percent of electric generation.  The plant’s entire coal requirement has been supplied 
by Colombia and Brazil, through the Canal.  Although fossil fuel is gaining share as a 
source of power in Guatemala, the next project to come online will be the second 
phase of a plant that burns fuel oil and orimulsion; no additional coal capacity is 
planned. 

Key Traffic Routes 

The key Panama Canal trades are divided into two categories: metallurgical coal from 
Canada to Europe and thermal coal from Colombia and Venezuela to Guatemala, Peru, 
and Chile (Exhibit C-26).  These trades represent 88 percent of 2003 Panama Canal coal 
tonnage. 

Exhibit C-26 
Panama Canal Coal Traffic, 1995-2003 
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Demand Forecast 

Westbound 

There are no significant trends or events that would lead to a significantly different 
forecast on the key Atlantic-Pacific coal routes.  The EIA Outlook was used to develop 
alternative growth rates for each five-year period and the resulting trade varies from the 
Nathan Study’s forecast by less than 0.2 million tons in one period and less than 0.1 
million tons in the others.  The only identifiable event that would directly impact this 
trade is the conversion of Peru’s Ilo-2 coal-fired power plant to gas, but its estimated 0.18 
million ton impact (0.3 million tons x 60 percent Canal traffic) does not warrant an 
additional scenario. 

Eastbound 

The Nathan Study’s forecast was compared to forecasts of the US Energy Information 
Agency14 and the impact of a number of potential events and trends evaluated.  The US 
EIA long-term forecast for US coal exports is similar to that for metallurgical coal from 
Canada to Europe, showing an annual decrease of 1-1.5 percent.  For the 2001-2005 
forecast, however, the EIA projects a 13 percent annual increase while the Nathan Study 
indicates that Canada’s loss of share will begin in this period.   

The alternative forecast (Exhibit C-27) assumes that Canada’s met-coal exports will grow 
slowly from 26 million tons in 2002 to meet demand created by a reduction in US exports 
and reflecting a shift in Canadian exports to Asia and the Americas.  In this scenario, 
Canadian exports to Europe recover to 2001 levels and increase through 2005.  Of these 
exports, Mercer assumes that the Canal will capture its historical share in the existing 
Canal scenario. In the baseline expanded Canal scenario, the Canal captures 25 percent of 
bypass trade, which increases traffic by about 45 percent.  Trade in the intervening years 
has tracked the base case more closely and the alternative scenario is less likely to occur. 

                                                 
14 US Energy Information Agency, Annual Energy Outlook, 2004. 
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Exhibit C-27 
Panama Canal Met-Coal Traffic – Alternative Scenarios for Existing Canal 
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Source: Nathan Study, Mercer analysis of EIA, AEO2004 National Energy Modeling System data. 

Sensitivity Analysis 

Toll Sensitivity 

Westbound coal from Colombia and Venezuela competes with Indonesian and Australian 
coal.  Competition, availability, and low price relative to its transportation costs indicate 
high toll sensitivity. 

Eastbound coal from Canada to Europe is sensitive to tolls both because of a potential 
loss of trade and because of the alternative Cape Horn route.  That the Canal captures 60 
percent of the trade indicates that the economy of a Capesize vessel on the longer route 
cannot be utilized by all customers.  Consignees that are willing to pay higher 
transportation costs for smaller cargo sizes are those that need the Canadian coal and will 
demonstrate more price inelasticity.  Limited sources of met-coal in large quantities and 
the distance of sources from Europe also imply that there will be flexibility with regard to 
tolls.  At a toll level $2 per to higher than in the base year, there would be a shift in the 
competitive economics, however, as the combination of Western Australian coal from 
Asia to Europe and Canadian coal from Europe to Asia would provide lower total 
logistics costs.  Due to the inherent imprecision of these numbers and the inertia of 
existing relationships, Mercer expects that trade would shift slowly as tolls rose above 
this level. 
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6.  Petroleum Coke 

Background 

Petroleum coke (petcoke) is produced as a byproduct of refining processes designed to 
maximize the retrieval of valuable light products from crude oil within the constraints of 
environmental regulations.  For coal-fired power plants, petcoke is a cheap fuel source 
that can be mixed with other coal.  It is valuable, therefore, in Europe, where coal power 
is more prevalent than in other regions.  Petcoke is also used in cement and aluminum 
production. Petcoke is a relatively minor commodity in global trade, with only 24 million 
tons traded in 2001; the Canal captures a significant portion of petcoke shipments, about 
15 percent.  Petcoke is unique in that it is a supply-driven trade; the market for petcoke is 
a minor consideration in deciding production levels.  

The growing supply of petcoke is due to the installation of cokers at refineries in recent 
years.  With additional investment, however, refineries can use petcoke on site to produce 
electricity, hydrogen, and additional liquid products using gasification technology.  Three 
gasification projects are planned at refineries on the Gulf Coast and projects have been 
proposed in California.   

The local use of petcoke has the potential to outpace petcoke production, which would 
remove petcoke from the world market and reduce Canal trade.  This scenario is not 
addressed in the Nathan Study and is a viable alternative to the projected growth of the 
trade; the likelihood of this scenario occurring on the Gulf and West coasts is addressed 
below.   

Key Markets/Traffic Routes 

The major export markets for petcoke are Europe and China.  Latin America and other 
Asian regions will increase their consumption as cement production grows.   

The predominant Canal trade is the US West Coast to Europe (46 percent).  Because the 
analysis is supply-focused, all routes originating in the US have been aggregated to West 
and East, which account for 86 percent of Canal traffic for this commodity in 2003 
(Exhibit C-28). 
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Exhibit C-28 
Panama Canal Petcoke Traffic, 1995-2003 
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Demand Forecast 

Westbound 

Three gasification projects in various stages of development on the US Gulf Coast will 
remove petcoke from the export market.  At the same time, additional cokers are coming 
online.  Using projected coke production and consumption by the new facilities,15 the 
reduction in available exports is calculated to be 30 percent over the 2005-2010 period. 
The scenario assumes that similar rates of growth in coking and gasification will continue 
for the 2010-2015 period.  The three gasification facilities will consume an estimated 
16,000 tons per day by 2006, while coke production is expected to increase by only 3,000 
tpd.16   

Eastbound 

Because there are no projects in progress to add gasification capabilities to West Coast 
refineries, the potential effect of such projects can only be estimated from existing 
proposals.17  One proposal, the LA Basin Project, which plans to gasify about 8000 st/d of 
petcoke, would consume 40 percent of California’s petcoke.  The project is largely 
                                                 
15 Oil & Gas Journal, November 3, 2003, “Petroleum coke production from US refineries will increase”,   Edward Swain. 
16 Worldwide Gasification Database, www.netl.doe.gov/coalpower/gasification/ models/dtbs(excel).pdf. 
17 Testimony for Hydrogen & Clean Power Production from Petroleum Coke, the Subcommittee on Energy and Air Quality, the 
Committee on Energy & Commerce of the US House of Representatives June 24, 2003, Dr. Hans D. Linhardt, LTDI, Inc. 
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dependent on political decisions. Permitting is perennially difficult in California, even for 
“green” projects, which reduces the likelihood of its approval.  Also, while potentially 
viable at current gas prices, a tax credit for burning clean fuels which has been proposed 
in the recent Energy Bill may be a required impetus for the project.  If approved, the 
8,000 tpd facility could be completed in five years.  Therefore, the scenario assumes the 
reduction in the 2005-2010 period.  The alternative scenario also assumes a further 8,000 
tpd switch from petcoke exports to local gasification in the 2010-2015 period.  Petcoke 
production has been flat for the past five years, and is assumed to remain flat through 
2015 in the alternative scenario. 

Exhibit C-29 
Panama Canal Petcoke Traffic – Alternative Scenarios, 2001-2025 
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Source: Nathan Study, Energy Information Agency Energy Outlook 2004, Mercer analysis. 

Sensitivity Analysis 

Major Uncertainties 

More than most trades, the petcoke trade is subject to radical changes and could 
potentially evaporate in a very short time. The role of political and regulatory decisions 
on potential use of petcoke on the US West Coast makes it impossible to predict the likely 
outcome on a purely economic or financial basis.  Dr. Hans D. Linhardt (see footnote 18) 
estimates that the gasification projects described have a 70 percent likelihood of coming 
to pass; this is an optimistic outlook in light of the difficulties described so Mercer 
assigned a 25 percent likelihood to this scenario.  The East-West trade is less uncertain 
because of the more advanced stage of the gasification projects and the more permissive 
regulatory environment.  There is uncertainty, however, regarding the relative growth 
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rates of petcoke production and gasification in the future, and a 25 percent probability is 
attributed to the rapid reduction in petcoke exports scenario for that trade as well. 

Toll Sensitivity 

The westbound trade should be sensitive to tolls because of the alternative source of 
supply from the US West Coast; higher tolls will rationalize the trade at some level, 
eliminating the phenomenon of petcoke ships passing each other in the Canal. 

Eastbound, there is no alternative source for US West Coast petcoke to Europe.  Although 
petcoke is a low value commodity (~$10/ton), it is much less expensive per heating unit 
than coal, providing some margin for cost flexibility.  More important, as long as they 
cannot burn petcoke themselves, the refineries must dispose of their petcoke, which is not 
an important source of profit in any case.  Therefore, toll sensitivity is less for the 
eastbound trade than for the westbound. 

7.  Pulp   

Background 

The ACP divides forest products into two main categories – lumber and plywood, and 
wood pulp.  Pulpwood includes all raw and semi-processed wood that is in the form of 
logs, chips, or pulp. Lumber and plywood include all sawn wood and manufactured 
woods. Globally, pulpwood demand is growing at more than 8 percent per year and 
bleached pulp demand exceeds 90 million tons.18 In 2003, global pulp production 
amounted to approximately 113 million tons, with 3.4 million tons moving in 
international trade.19 

Pulpwood is used in the production of plywood, particle or fiber board, kraft board, and 
paper. Fiber board in particular is a low cost and lower value alternative to plywood and 
solid wood in some furniture and structural applications.    

Wood chips and wood pulp are produced from relatively soft roundwood logs, which 
usually grow faster than slow-growth hardwood logs and can be shipped across the 
oceans to chipping and pulping plants closer to demand.  In general, there is a trend by 
the log producing nations to process logs in-country and to export higher value products, 
including pulp. 

Wood pulp is moved in dry bulk or multipurpose ships, while wood chips are usually 
moved in bulk.  Due to the low density of the product, chip carriers are very high cubic 

                                                 

18 Source: Alliance for Environmental Technology. 
19 Source: Nathan Study 
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capacity dry bulk ships specially designed to be loaded by conveyors and unloaded by 
grabs.  The density of pulpwood and woodchips is quite low (typically 40 percent of the 
density of water), compared to lumber density (typically 45 to 60 percent of the density of 
water). By way of comparison, corn’s density is 72 percent.  This means that shipping 
costs are much higher per ton for pulpwood, because relatively few tons can be 
transported per ton of design deadweight. 

Key Markets 

The demand for wood pulp is closely tied to economic growth and development, which 
notably leads to demand for low-cost furniture and for paper.  The growth of China and 
the decline in some types of consumer manufacturing in the US and Europe are emerging 
as major factors in the global trade for logs, chips, pulp, paper, and lumber.  Russia, New 
Zealand, Brazil, Chile, Canada, northern Europe, the United States, and northeast South 
America are major sources of wood fiber.  Wood pulp is being produced in many 
locations, both by cutting virgin forests, as well as through the creation of renewable 
plantations. Eucalyptus and other softwoods are gaining favor to meet paper needs, while 
a range of soft and hardwood species are being planted and harvested to meet pulp needs 
for other purposes.  

Key Traffic Routes 

Eastbound 

The Panama Canal’s pulpwood traffic is dominated by eastbound traffic from the West 
Coast of Canada to Europe (Exhibit C-30), followed by a much smaller movement from 
the West Coast of the US to Europe.  All other pulp traffic is negligible.  Traffic has 
ranged between 1.35 and 2.0 million short tons per year, with no clear indication of 
growth or decline during the past nine years.  A weakening US dollar does not appear to 
have improved eastbound trade.  The opportunity to sell chips to the Far East, notably to 
China, has become a major factor. 

In recent years, Brazil has emerged as a major source of very high-quality, low-cost 
softwood pulp, primarily from eucalyptus trees.  Brazilian softwood pulp is widely 
regarded as being the lowest cost source of quality pulp and very “hard to beat” for 
softwood purposes. Consequently, Brazilian wood pulp is gaining share in US and 
European markets. Although this trend does not appear to have significantly reduced the 
movements of Canadian wood pulp to Europe, it is likely to do so in the future. 
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Exhibit C-30 
Panama Canal Eastbound Pulp Traffic, 1995-2003  
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Source: ACP. 

Westbound 

Westbound pulp traffic through the Canal has historically been less than eastbound traffic 
and has recently hovered around 1 million tons per year (Exhibit C-31). The trade 
declined by about 0.5 million tons in 1998 and has remained relatively stable since then.  
The primary trade and the entire drop in trade is the United States (primarily Gulf) to 
Asia. The westbound trade is dominated by shipments to Japan, with a small fraction of 
exports to other Far Eastern countries including Korea, Taiwan, and China.  However, the 
volumes and prices paid for exports are not growing, and China appears not to be a 
significantly growing market for US pulp.  The US has been impacted by the factors that 
include shipping costs, Canal fees, overseas competitive sources (including Latin 
America) and foreign currency exchange, as well as economic growth and demand.   
Technology and agri-business are also key issues:  increased use of eucalyptus as a pulp 
from high growth rate tropical settings provides cost advantages for some applications.  
High shipping costs and higher Canal fees obviously impact delivered costs and may 
encourage shifts to closer sources and non-Canal routings.    

The second source of westbound traffic has been slowly increasing exports of wood pulp 
from the East Coast of South America.  The limited exports of the East Coast South 
America reflected the traditional policy of Venezuela and Colombia to prohibit or 
severely limit wood chip exports so that natural resources could be preserved.  However, 
this prohibition has been relaxed in recent years, as these nations and their neighbors try 
to support some economic development.  One of the key natural resource areas is the 
Northern Shield forest, which includes parts of northern Brazil, French Guiana, Guyana, 
Suriname, Venezuela, and Colombia.   Northern Brazilian production via the Amazon 
River is more likely to ship via the Panama Canal to Asia, subject to shipping freight 
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costs and Canal tolls.  Brazil has large and developed softwood plantations that can 
participate in European, US, and Asian markets.   Like the United States, East Coast 
South America is closest to EU and Eastern European markets. 

Exhibit C-31 
Panama Canal Westbound Pulp Traffic, 1995-2003 
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Demand Forecast 

The forest products forecasts provided by the Nathan Study were based solely on 
macroeconomic growth, not specific Commodity Research Unit research; Mercer 
therefore built the trade forecast independently. In addition to the base case, Mercer 
considered relevant alternative scenarios for the eastbound and westbound trades through 
the Canal. 

The moderate levels of pulp traffic reflect the ability of producers and suppliers to align 
themselves around the shortest routes of delivery, in order to minimize transportation 
costs.  Consequently, patterns of decline and/or stability can be expected to continue in 
the future.   

The eastbound pulp trades are dominated by Asian shipments and West Coast Canadian 
shipments.  Asian shipments are projected to decline by 2 percent per year, because of 
increased demand within the Pacific Basin. This rate reflects the potential for some trade 
that will take advantage of backhaul shipments into the US Gulf to load grains.  The 
Canadian trade is expected to be flat, with any growth in Canadian output being focused 
on Asian markets. In the alternative scenarios, existing production is siphoned from the 
eastbound trades to China and Canal traffic is reduced (Exhibit C-32).  In the “substantial 
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refocus” scenario, nearly 90 percent of the trade is eliminated by 2025.  The forecast 
assumes a 45 percent probability of a moderate or substantial shift in this trade. 

Exhibit C-32 
Panama Canal Eastbound Pulp Traffic – Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 

The westbound trade has been historically dominated by East Coast US exports, which 
have been hard hit, and for which no growth is projected.  The limited East Coast South 
America trade is also projected to have no growth.  The primary reason for this is that the 
intra-basin supply of pulp has become more prevalent and the US and European markets 
will create additional demand within the Atlantic basin.  One alternative scenario 
considers the possibility that there will be an increase in Northeast South American forest 
production and exports (Exhibit C-33).  The other alternative accounts for the small 
likelihood that the US forest products industry will be less competitive in the Far East 
than at present and the even smaller probability that it will be more competitive. 
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Exhibit C-33 
Panama Canal Westbound Pulp Traffic – Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 

Sensitivity Analysis 

Major Uncertainties 

The major sensitivities that have been identified are as follows: 

 Increased forest harvesting in the Northern Shield (Colombia, Venezuela, and other 
northeastern South American States), which would increase the supplies of wood pulp 
available for export to Europe, the US, and to some degree the Far East 

 Increased opportunities for west coast Canadian producers to focus on Asia 

 Increased opportunities for Brazilian producers to focus on Europe 

 The ability of and demand for the US Atlantic Coast forest products industry to ship 
to Japan and the Far East 

The analysis anticipates a range of outcomes consistent with these scenarios. 

Toll Sensitivities   

Forest product stowage densities have a profound impact on shipping costs. Low density 
cargoes such as wood chips and wood pulp incur very high shipping costs because 
relatively few tons per PCUMS can be carried.  Although Canal tolls also increase per 
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ton, the impact is relatively limited because toll cost is relatively small compared with 
shipping costs on long east-west or north-south voyages.  In general low density cargoes 
will be less sensitive to toll increases than heavy lumber and plywood cargoes. 

The Panama Canal is the preferred path to China, Korea and Japan for shipments from 
Colombia and Venezuela.  However, the volumes of wood pulp that are exported from 
these countries are very limited at present.  The Panama Canal is marginally attractive to 
shippers of wood pulp from Brazil’s Amazon River basin to the same countries, but this 
advantage is small and subject to shifts in response to Canal tolls, trading patterns, freight 
rates, and potentially the use of more efficient ships that can increase tons carried.  In the 
initial base case with moderate time charter rates, even a 20 percent increase in Canal 
tolls has the potential to drive pulp from the Amazon to routes around Cape Horn.   
Higher time charter rates would tend to help the Canal hold on to pulp traffic, because the 
shorter distance of the Canal route helps offset the fixed toll structure.  Alternative routes 
are examined explicitly in the route-fleet allocation analysis. Better stowage of pulp 
would also tend to help the Canal retain traffic because the tolls per ton would decrease.  

There are very substantial incentives for Brazil to sell pulp to the US and Europe and for 
Canada to sell pulp to Asian customers rather than send pulp through the Canal.  These 
incentives will tend to divert traffic away from the Canal.   

8.  Sugar 

Background 

The world sugar market is characterized by long-term growth in production and 
consumption of almost 2 percent per year.  World sugar production has more than 
doubled since the 1960’s, to about 138 million tons in 2002 (Exhibit C-34).20 Production 
is often influenced by government policy decisions and weather, and is more volatile than 
consumption. Sugarcane accounts for 72 percent of total raw sugar production. Sugar 
production from sugar beets has been declining for the last five years. 

Most sugar produced in the world is consumed domestically. About 65 percent of world 
sugar consumption now occurs in developing countries, compared to one-third in 1970.  
Sugar consumption is growing by about 2.6 percent per year in developing countries, 
reflecting faster income and population growth and higher income elasticity. Growth has 
been flat in developed countries, due to protections on domestic sugar production and the 
increasing use of substitute sweeteners. 

                                                 
20 Source: International Sugar Organization, Quarterly Market Outlook-Executive Brief Summary, November 11, 2003. 
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Exhibit C-34 
World Sugar Producers by Region 
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 Source: Mercer analysis of US Department of Agriculture Foreign Agricultural Service, Horticultural & 
Tropical Products Division, FAS Online Database, November 2003, 
http://www.fas.usda.gov/htp/sugar/sugar.html. 

Key Markets 

Total world exports of sugar reached 31 million tons in 2002.  About 30 percent of 
production is traded worldwide.  Most of the international sugar trade occurs under 
agreements; spot trade is minimal. 

Brazil remains the dominant sugar producer and exporter (Exhibit C-35), with 42 percent 
of world sugar exports. Thailand, Australia, the EU and Cuba also export significant 
quantities of sugar. 

The former Soviet Union is the largest net importer of raw sugar (Exhibit C-36), with 6.4 
million tons in 2002. The United States, Canada, and a number of Asian and Middle 
Eastern countries also import sugar. 



Panama Canal Market Demand Forecast Appendixes            

Mercer Management Consulting C-51

Exhibit C-35 
Top 10 Sugar Exporters, 2002 
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Exhibit C-36 

Top 10 Sugar Importers, 2002 
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Model, World Sugar Outlook Tables, 2003, http://www.fapri.iastate.edu/models/sugar.aspxKey Traffic Routes. 

Eastbound 

Eastbound sugar shipments via the Panama Canal represented 83 percent of total sugar 
cargo transits in 2003 (Exhibit C-37).  Guatemala (WC Central America) and Peru and 
Chile (WC South America) are major origins for eastbound sugar transits.  While 
shipments originating from WCSA have increased by about 12 percent a year since 1998, 
total eastbound sugar shipments have declined by 5.6 percent.  The key driver for this 
trend is the loss of shipments from Australia, which have been steadily declining by about 
25 percent per year over the same period.   
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Westbound  

Cuba dominates westbound sugar transits via the Panama Canal, representing about 
400,000 tons a year. Shipments have declined by about 2 percent a year over the last five 
years (Exhibit C-38). 

Exhibit C-37 
Panama Canal Eastbound Sugar Traffic, 1995-2003  
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Source: ACP, Mercer analysis. 

Exhibit C-38 
Panama Canal Westbound Sugar Traffic, 1995-2003 
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Demand Forecast 

Mercer reviewed the most probable case in the Nathan Study forecasts for the major 
Panama Canal sugar trades, representing 80 percent of total sugar volume, and applied the 
forecasted growth rates to Panama Canal FY2003 actual shipment statistics. 

Mercer then adjusted growth rates based on available world sugar supply/demand 
forecasts provided by the International Sugar Organization, FAPRI (Food & Agricultural 
Policy Research Institute at the University of Missouri), FAO (United Nations Food and 
Agriculture Organization), and key events that might affect major sugar trades. 

In the short term, according to FAO, world sugar production is projected to keep pace 
with consumption and will reach 138 million tons by 2005. The growth rate of 1.9 percent 
per annum would exceed the average growth rate of 1.6 percent obtained in the 1980s.  
Developing countries are projected to raise their share of world production from 63 
percent in 1993 to about 70 percent by the year 2005.  Regionally, Latin America and the 
Caribbean are expected to play the leading role in raising output, accounting for 14 
million tons of a 25 million ton production increase over the next two years. 

In the long term, FAPRI forecasts 2.2 percent growth in production between 2003 and 
2013, compared to 1.5 percent per year growth between 1990 and 2003 (Exhibit C-39). 
On the demand side, global use of sugar is expected to grow by 2.1 percent per year over 
the next 10 years, slightly higher than the long-term average.  Growing consumption, 
however, is not expected to increase import demand due to high stocks in importing 
countries. 

Exhibit C-39 
World Sugar Supply & Demand Forecast, 1990-2013 
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Source: Food & Agricultural Policy Research Institute at the University of Missouri (FAPRI), International Sugar 
Model, World  Sugar Outlook Tables, 2003, http://www.fapri.iastate.edu/models/sugar.aspx 
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Key drivers that affect sugar trades are government subsidies and import tariffs, 
population growth, supply of ethanol, crude oil prices, and weather. 

 Government policies, subsidies, and import quotas: Sugar is one of the most 
regulated commodities in the world. The European Union, the United States, and 
Japan heavily subsidize domestic sugar production. Producers in these countries 
receive more than double the world market price due to government guaranteed 
prices, import controls, and production quotas. Despite some liberalization of sugar 
policies, about 80 percent of world production and 60 percent of world trade is at 
subsidized or protected prices.  Only three major producers (Australia, Brazil, and 
Cuba) have sugar sectors which produce and operate at world market prices.21 

In the 1970’s, OECD countries imported half of the sugar traded on world markets. 
Over the past 30 years, however, they have become net exporters. Lower-cost 
producers in developing countries continue to pressure OECD countries to implement 
policy reforms in order to open their markets for imports. 

Preferential trading arrangements such as the EU Sugar Protocol and US tariff rate 
quotas determine import patterns.  Protection has been the greatest in northern 
hemisphere countries that produce sugar beets, because sugar produced from beets is 
twice as expensive as sugar produced from cane and most beet producers cannot 
survive without government protection. However, there have been initiatives, such as 
the European Union’s Everything But Arms (EBA) initiative, that allows expanded 
access to the EU sugar market by the 48 least developed countries and unlimited 
access after 2009.   

 Population growth is a key driver in sugar consumption.  As an example, Brazil has 
the fifth largest world population and has high per capita sugar consumption.  Growth 
in consumption of sugar largely reflects Brazil’s population growth. 

 Supply of ethanol: Some sugar cane is used in the production of ethanol. As the 
largest exporter of sugar, Brazil also provides incentives for ethanol production from 
sugar cane.  Ethanol demand impacts raw sugar trade and world prices of sugar. 

 Crude oil price plays a role in the sugar market.  High oil prices can boost sugar 
prices.  A rise in oil prices can lead to an increase in demand for sugar in several oil 
exporting countries, which are key sugar importers.  It is also likely to stimulate 
ethanol use as a blend.  An increase in ethanol use decreases export availability and 
increases world sugar prices. 

                                                 
21 Source: The World Bank, Development Prospects Group, “Sugar Policies: Opportunity for Change” by Donald 
Mitchell, World Bank Policy Research Working Paper 3222, February 2004. 
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Eastbound 

Eastbound sugar shipments represent 83 percent of total sugar transits.  Based on the 
Nathan Study’s forecast and above adjustments, Mercer forecasts declining eastbound 
sugar trades until 2010 due to restrictions on imports in the European Union and the 
United States (Exhibit 40).  However, with trade liberalization initiatives in 2009, sugar 
trades originating from Latin America will likely lead to an increase in Panama Canal 
transits between 2010 and 2025. 

Exhibit-40 
Panama Canal Eastbound Sugar Traffic – Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 

Westbound 

Westbound sugar shipments primarily originate from Cuba.  Mercer’s alternative forecast 
for the high case scenario assumes more trade liberalization and government policy 
change in Cuba (Exhibit 41).  For the low case, subsidies continue and no political change 
in Cuba is assumed. 
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Exhibit-41 
Panama Canal Westbound Sugar Traffic – Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 

Sensitivity Analysis 

Toll Sensitivity 

Sugar is one of the most regulated commodities in the world.  The majority of sugar 
traded moves under international agreements.  Many developed countries have very high 
subsidies for domestic producers, limiting export markets for developing countries.  The 
European Union, the United States and Japan provide domestic producers with price 
supports that are at least double world market levels.  Thus the FOB price of sugar in the 
United States is about 23 cents per pound versus 12 cents per pound on world markets.  
Such high prices have reduced the rate of domestic consumption, encouraged production 
of alternative sweeteners, and limited the growth of imports by quotas and tariffs. 

Panama Canal tolls represent about 1 percent of the total delivery cost of sugar, which 
suggests that is not sensitive to a toll increase. Tolls are about 7 to 8 percent of gross 
profit margin of $23 per ton.   

The major eastbound sugar supplier Guatemala competes with the world’s largest sugar 
exporter, Brazil.  Based on lower sugar prices in Brazil and direct shipment to Europe, 
WCCA eastbound sugar shipped via the Canal has a $30 per ton disadvantage (Exhibit C-
42). 
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Exhibit C-42 
Sugar Traffic Toll Sensitivity 
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Source: Mercer analysis. 

Due to the limited number of suppliers and special quotas allocated to sugar traders, 
however, sugar is not particularly sensitive to toll increases, as the amount of tariffs 
dwarfs toll charges.  Mercer estimates that there will not be any traffic diversion in sugar 
shipments, since shipments originating from Guatemala eastbound and shipments 
originating from Cuba and Brazil westbound will meet increasing demand in the US, 
Europe, and Japan, especially with liberalization of sugar trades after 2009.  

9.  Metallurgical Coke 

Background 

Metallurgical coke (metcoke) is primarily used in steel plants that employ basic oxygen 
(open-hearth) furnaces. The world metcoke supply reached 340 million tons in 2003 and 
it is expected to increase by 60 million tons over the next four years.22  

The supply of coke has tightened dramatically in last few years, as in the case of steel 
scrap and iron ore, due to increased worldwide steel production driven by China. The 
bottleneck in metcoke supplies has been compounded by the shutdown and aging of coke 
plants.  About 60 percent of world cokemaking capacity is more than 20 years old, and 
the service life of a coke plant is about 25 years without rehabilitation. About 17.2 million 
tons of metcoke capacity has been closed worldwide since 1998, while only 5.7 million 
tons of new capacity has come on line during the same period. New coke plants have 
been set up or are planned in India, Taiwan, Brazil, and China. 
                                                 
22 Source: International Iron and Steel Institute. 
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Metcoke demand depends on total steel demand, blast furnace requirements, and 
development of other steel making processes that do not involve metcoke. High-quality 
coke is needed for the reduction of iron ore in blast furnaces, but is the most expensive 
input to the process. More effective blast furnace technologies and cost effective energy 
sources such as fuel oil, natural gas, and injected, pulverized coal are expected to cut 
down the costs for hot metal production at the expense of coke consumption.  

Other factors affecting metallurgical coke supply and demand are metcoke plant capacity, 
increased mini-mill steel production, and deployment of more efficient steel making 
technologies: 

 Metcoke plant capacity: Due to aging coke plants, new capacity is needed to meet 
increased demand.  Although developing countries have plans to build new plants, 
environmental regulations require substantial investments to increase capacity and 
may limit expansion in industrialized countries.   

 Mini-mill demand: Electric arc furnace (EAF) based mini-mills will continue to 
expand operations and have a competitive cost advantage as long as low-cost scrap is 
available. If mini mills continue to be more cost effective and scrap prices are 
stabilized in the long term, blast furnace based integrated steel mills may reduce 
production or go out of business (as has happened in the United States). 

 Recent volatility of both scrap and metcoke prices due to shortages have increased 
pressure on both types of steel makers.  However, as the steel market stabilizes, mini-
mill demand will be one of the key drivers impacting metcoke demand.  

Key Markets 

China has become the largest metcoke producer and supplies over half of the world 
metcoke market.  

Metcoke demand in industrialized countries will drop as a result of higher injection rates, 
productivity increases, and new technologies. In developing countries, however, demand 
for metcoke will continue to rise. China, Brazil, and India are all experiencing increased 
demand for steel and thus for coke, at a time when many metcoke plants are approaching 
the end of their life cycles. 

Key Traffic Routes 

Eastbound Only 

Asia to East Coast United States metcoke trade dominates eastbound shipments (Exhibit 
C-43).  Japan and China supply 90 percent of US metcoke imports.  Panama Canal 
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eastbound metcoke shipments have declined 6 percent, from 3.2 million tons in 1998 to 
2.3 million long tons in 2003. 

Exhibit C-43 
Panama Canal Eastbound Metcoke Traffic, 1995-2003 
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Source: ACP, Mercer analysis. 

Demand Forecast 

Mercer applied the Nathan Study’s forecast growth rates to Panama Canal metallurgical 
coke actual shipment statistics. The growth rate was adjusted for the period between 2003 
and 2005 due to recent shortages in worldwide metcoke supply.  

Mercer’s alternative forecast scenarios assume substantial and moderate increases in 
mini-mill steel production in the United States and no change in overall coke plant 
capacity. 

The United States imports 90 percent of its metallurgical coke requirements for open 
hearth furnaces from Japan and China.  Due to anti-pollution regulation, the United States 
is not planning to build new coke plants to supply its domestic blast furnaces.  As a result, 
the production capacity of US mini-mills with electric arc furnaces that use steel scrap 
will become a key driver impacting metcoke supply.  If US mini-mills increase their 
market share and substantial demand for their products exists domestically, US metcoke 
imports will decline.  Also, if there is a policy change enabling new coke plants to be 
built in the United States, imports from Asia will be reduced.  Exhibit C-44 presents the 
Mercer base case and alternative scenarios for eastbound metcoke shipments.   

Panama Canal westbound metcoke transits are primarily arbitrage trades of around 
140,000 long tons per year, and therefore negligible to forecast. 
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Exhibit C-44 
Panama Canal  Eastbound Metcoke Traffic –  

Alternative Scenarios, 2001-2025 
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Sources: Mercer analysis. 

Sensitivity Analysis 

Metallurgical coke prices fluctuate around $140 and $180 per ton.  Due to the shortage of 
metcoke supply and Chinese demand, prices have risen to historical highs.  Tolls 
represent about 1 percent of the FOB price.  In the event of a toll increase, alternative 
supply sources in Europe have a higher production cost than Japan/China sources for the 
US; therefore, metcoke shipments will be relatively insensitive to a toll increase. 

Since existing sources of supply are limited and the shortage of metcoke has created very 
high prices, Mercer estimates that less than 10 percent of eastbound metcoke shipments 
might be diverted due to a toll increase of up to 400 percent. 

An analysis of competing metcoke shipments from Poland to Philadelphia versus China 
to Philadelphia via the Canal shows that the Panama Canal route has a competitive 
advantage, due to a $40 per ton FOB price differential between China and Poland 
(Exhibit C-45). 
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Exhibit C-45 
Metcoke Traffic – Toll Sensitivity 
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Source: Mercer analysis. 

10.  Steel Scrap 

Background 

Global scrap consumption is currently estimated at over 400 million tons per year, with 
some 75 million tons exported. Global demand for steel scrap has been very strong, due 
to increased steel production, reaching 918 million tons in 2002 and almost one billion 
tons in 2003. 

At the present level of steel production, the world steel industry will need to find an extra 
75 million tons of scrap by 2007, according to an International Iron and Steel Institute 
forecast. Massive Chinese demand has created a worldwide steel scrap shortage and 
increased the volatility of scrap prices in the last two years.  Although China is 
predominantly a blast furnace/basic oxygen converter route steel maker, it consumes 
around 50 million tons of scrap each year.  China imported about 10 million tons of scrap 
in 2003. Steel scrap prices in the United States increased to $300 per ton in February 
2004, compared to $156 per ton in December 2003 and $77 per ton in 2001. 

In the last 30 years, steel-making production volume in the US has dramatically shifted 
toward the use of electric arc furnace (EAF) technology, going from 15 percent of 
production to about 51 percent in 2002.  It is well established that EAF steel mills have 
lower energy consumption costs per ton of steel produced, with significant reductions in 
pollution. EAF based mini-mills are effectively competing with integrated large steel 
producers, driving expensive producers out of the market.  By increasing their market 
share, US mini-mills will require more scrap to be able to continue to meet customer 
demand. 
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Other factors impacting steel scrap trade are import duties, availability and price of scrap 
substitutes, and currency exchange rates. 

 Import duties: Governments continue to believe in the importance of the steel 
industry to their national economies and are willing to provide assistance to promote 
either the development or the retention of iron and steel making capacity. In recent 
times, most such subsidies have come from regional rather than national governments, 
which have thus sought to influence the location of steelmaking facilities. 

 Availability and price of scrap substitutes: Historically, scrap prices have been 
lower than the cost of producing steel, giving EAF producers an advantage in the cost 
of production in addition to their lower capital costs.  However, scrap prices have 
risen significantly in the near term, due to high demand.  Also, integrated producers 
have cut the cost of producing steel.  As a result, part of the demand for low-cost, 
high-quality scrap will be met with scrap substitutes such as pig iron, DRI, and 
possibly iron carbide and liquid hot metal.  Several plants that will produce DRI and 
carbide are being built or planned for the near future.  

Despite some market interest in steel scrap substitutes, steel scrap substitute capacity, 
as well as the availability and price of slab, billet and pig iron has not been sufficient 
to meet demand, putting added pressure on existing steel scrap supplies. 

 Currency exchange rates: The weak US dollar versus the euro in 2003 has had a 
significant impact on steel export prices.  This development has basically made EU 
steel mills uncompetitive on the world export market, except at fairly high price 
levels. 

Key Markets 

Europe, the United States, Russia, and Ukraine provide 86 percent of total steel scrap 
exports (Exhibit C-46). Dramatic growth of steel-making capacity in China and the 
growth of consumption of new finished steel products have created a need for new 
sources of scrap supply.  Traditional suppliers such as the United States and Europe, 
however, will likely be able to continue meeting Chinese demand for scrap.  

South Korea has imposed export restrictions on scrap iron and steel bars to protect 
domestic mini-mills, due to a growing shortage of raw materials. 
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Exhibit C-46 
Major Scrap Exporters 
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Source: International Iron & Steel Institute, Committee on Economic Studies, Steel Statistics Yearbook- 2002, 
Brussels, December 2002 

Key Traffic Routes 

Westbound Only 

Panama Canal westbound steel scrap shipments are dominated by the East Coast United 
States to Asia trade (Exhibit C-47). Scrap transits have increased by 14.7 percent a year 
since 1998, reaching 1.6 million long tons in 2003. 
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Exhibit C-47 
Panama Canal Westbound Steel Scrap Traffic, 1995-2003 
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Demand Forecast 

Mercer reviewed the International Iron and Steel Institute mid-term and long-term 
forecasts and adjusted short term growth rates provided in the Nathan Study based on key 
market developments in scrap supply and demand.   

US steel scrap exports to the world have been declining by 10 percent a year due to scrap 
demand created by domestic mini-mills. However, Canal transits have increased due to 
scrap demand from South Korea, where 45 percent of steel making capacity is EAF 
based. It is assumed that in the next five years, scrap exports from ECUS to Asia will 
increase.  After 2010, however, it is expected that a larger share of demand for scrap will 
be met by low-cost producers such as Russia and Ukraine, reducing Panama Canal 
transits. 

Mercer also developed an alternative scenario (Exhibit C-48) that assumes US mini-mills 
will demand more scrap in the local market, leading to government policy to restrict scrap 
exports and therefore accelerating the decline in Canal transits after 2005.  
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Exhibit C-48 
Panama Canal Westbound Steel Scrap Traffic –  

Alternative Scenarios, 2001-2025 
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Sources: Nathan Study, Mercer analysis. 

Sensitivity Analysis 

Toll Sensitivity 

Ukraine is a major scrap supplier that competes with the United States.  An analysis of 
shipping 42,000 tons of scrap from New York to South Korea via the Panama Canal 
versus Odessa-Pusan reveals that ocean freight rates are almost identical due to Suez 
Canal tolls for the Ukrainian shipment.  However, an FOB price differential of $25 per 
ton makes Ukrainian scrap more competitive in world markets (Exhibit C-49). 

It appears on an FOB price basis that any toll increase would negatively affect scrap 
shipments. With the current supply/demand balance, buyers would likely be willing to 
absorb any toll increase under consideration. Thus although steel scrap is sensitive to toll 
increases based on comparative freight rates, the potential for trade diversion will be 
limited by supply restrictions and high demand from China. Mercer estimates that less 
than 10 percent of scrap might be diverted due to a toll increase of up to 400 percent. 
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Exhibit C-49 
Steel Scrap Traffic Toll Sensitivity 
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                                          Source: Mercer analysis. 

11. Cement 

Background 

Cement is produced and used in just about every country of the world.  Of 1.6 billion tons 
consumed globally, less than 10 percent is traded internationally, and of that, the Canal is 
relevant for less than 2 percent.  Demand for cement is driven by economic development, 
e.g., construction, road building, and infrastructure projects.  Growth in demand is 
therefore high in rapidly expanding economies, such as China and South Asia, and low or 
negative in mature economies such as Japan, the US, and Europe.  The low level of trade 
as a share of global consumption is attributed to low value per ton and the diversity of 
sources.  Environmental concerns, however, are limiting production growth in developed 
countries, driving trade for export-oriented developing nations.  For the most part, sources 
are plentiful enough that long distance trade remains very small.  Still, the exceptions to 
this rule ensure consequential volumes for the Canal. 

Key Markets 

Until recently, cement was a minor East-West trade, primarily within the Americas.  
Although the raw materials are plentiful, cement production is energy-intensive and 
polluting. In the United States, consumption has outpaced production and imports have 
increased.  On the Gulf and Atlantic coasts, imports have increased by 75 percent – from 
7.4 million to 13 million tons – between 1995 and 2002.23 US imports cement from 28 
                                                 

23 U.S. Geological Survey Minerals Yearbook, 2002, Table 19. 
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countries, of which the largest suppliers are Canada, Thailand, China, Greece, S. Korea, 
Colombia, and Venezuela.  Of these, the only significant Canal trades are South Korea to 
the US Gulf, specifically to Houston, and a smaller trade from Peru, also to Houston.   

As US imports have grown, the dominant direction of the trade has switched to a West-
East trade.  Presumably, supply on the Atlantic side has been absorbed by the growing 
demands of the US Gulf, eliminating the East-West trade.  At the same time, imports to 
the Gulf from all regions grew, including the emergence of the South Korea-Houston 
trade. 

Key Traffic Routes 

The Asia-USEC route comprised 70 percent of Canal cement trade in 2003, and South 
America-USEC represents an additional 19 percent, for a total of 89 percent of the trade 
that was analyzed explicitly (Exhibit C-50).  Mercer’s analysis concurs with the Nathan 
Study forecast that the East-West trades, which disappeared by 2000, will not return. 

Exhibit C-50 
Panama Canal Cement Traffic, 1995-2003 
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Demand Forecast 

Eastbound Only 

While the US Gulf Coast’s increasing import demand (Exhibit C-51) is based on a real 
and growing gap between consumption and production, there are many options for 
sourcing. Just as Houston has a relationship with South Korea, New Orleans receives 
more than one million tons per year from Thailand, a trade which does not move through 
the Canal (although it would be a shorter route). Thus while significant growth in Canal 
transits of cement could occur, it is equally possible that trades could occur with minimal 
Canal usage. 

Exhibit C-51 
US East and Gulf Coast Cement Imports, 1995-2002 
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Source: USGS Mineral Commodity Survey, 2003. 

Based on this volatility, two alternatives to the Nathan Study base case have been 
developed to encompass the range of possibilities. The low case assumes that the major 
trades currently transiting the Canal are eliminated by 2010.  This could occur if US 
imports from South Korea shift to Southeast Asia or South America.   

The high case assumes that US imports continue to outpace production, and that the 
Canal maintains its share of that volume. Cement consumption has mirrored GDP for the 
last seven years (see Exhibit C-52) and the forecast assumes that consumption will grow 
in accordance with DRI-WEFA’s projection of GDP.  Over this period, import growth 
has been more than double the growth in consumption; the forecast assumes that import 
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growth will be two times the growth in consumption.  At this rate, Canal traffic reaches 
11million tons by the end of the forecast period. 

Exhibit C-52 
US GDP and Cement Consumption, 1995-2002 
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Source: USGS Mineral Commodity Survey, 2003, DRI-WEFA, 2002, ACP. 

 
Exhibit C-53 

Panama Canal Cement Traffic – Alternative Scenarios, 2001-2025 
(000 long tons) 

Source Nathan Study, Mercer analysis. 
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Sensitivity Analysis 

Major Uncertainties 

As mentioned above, the diversity of suppliers indicates that import growth may continue 
unabated but sources of supply could shift and affect the Canal.  The Canal trade depends 
on the continued importance of South Korea or a shift to China, which produces nearly 
half of the cement in the world.  A shift of Houston’s imports to Thailand, the world’s 
largest exporter of cement, would eliminate this Canal trade.   

Toll Sensitivity 

In 2002, freight costs represented 34 percent of the $37/metric ton Cost Insurance and 
Freight (CIF) value of South Korean cement landed in Houston. Clearly the 
preponderance of non-Canal suppliers (87 percent of 2002 imports to the US Gulf and 
East coasts) implies that cement does not need to move through the Canal.  On the other 
hand, the demand for imported cement is such that this low value cargo moves around the 
world, implying that distant sources are required. There is not a global cement price (like 
oil) and individual deals will be negotiated that will adjust for transportation cost. Based 
upon these conflicting indications, a moderate degree of toll sensitivity is assumed in the 
forecast. 

12.  Lumber 

Background 

World lumber trade amounted to 55.7 million tons in 2003, with 4.6 million tons moving 
in international trade.24 The lumber category includes lumber (boards and planks), 
plywood, and wood chips. Lumber is a vital element of all types of construction and 
furnishing, and despite the increase in use of plastics and steel for these processes, 
continues to be in demand. Increasingly, wood-producing nations seek to process wood 
domestically, exporting higher value products with more local labor content.   Plywoods 
have become more versatile, often combining thin veneers or exotic or attractive woods, 
and wood chips have become a vital element of plywood and particle board production.  

Consistent with ACP cargo traffic statistics, all tonnage reported is assumed to be non-
containerized cargo. The majority of wood chips move in bulk ships as bulk cargo.  
Lumber and plywood tend to move as neo-bulk cargo in stacks of banded cargo, usually 
on pallets. 

                                                 
24 Nathan Study 
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Key Markets 

The demand for wood is universal, with major centers of demand closely correlated with 
the size and scale of domestic economies.  While historically Europe, the United States, 
and Japan were major importers, China and the Asian economies are experiencing 
growing demand for lumber of all kinds.  Major producers include Russia, Chile, Brazil, 
and the Philippines. 

Key Traffic Routes 

Westbound 

Lumber and wood chips westbound have experienced a precipitous decline that has 
virtually eliminated all trade (Exhibit C-54). The trade had been dominated by US to Asia 
trade, which has declined as US shipments, primarily from the US Gulf, have decreased 
very sharply.   The much smaller trades from Europe and Canada’s east coast have also 
declined.  This dramatic decline is re-affirmed by looking at Mobile, Alabama exports –  
the value of exports to Japan declined from $138 million in 1998 to $ 24 million in 2002 
and virtually zero in 2003.   This decline reflects a combination of factors:  a historically 
strong dollar; intense competition from Chile, New Zealand, and Russia; very high 
shipping rates in 2003; and a trend toward shipment of lumber and plywood in containers 
that would otherwise return to the Far East empty. 

Exhibit C-54 
Panama Canal Westbound Lumber/Wood Chip Traffic, 1995-2003  
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           Source: ACP.   

The production of wood chips in northern East Coast South America has been advanced 
by a Venezuelan government-owned commercial pine plantation which has joined with 
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Stone Container (an American company) in developing the 700,000 acre site. Venezolana 
de Pulpa y Papel (Venepal) will jointly harvest and re-forest the site, which is located in 
northeastern Venezuela at Estado Monaga, Guyana. The chip mills and loading port 
initial production capacity is 600,000 metric tons; these facilities are located at Punta de 
Piedra.  The initial markets for this mill are Stone Container plants in the United States 
and it appears that this will be the primary market, given that virtually no lumber has 
moved to Asia from the East Coast of South America. 

The drastic decline in the westbound lumber trade was not foreseen a few years ago.   
However, the collapse has been so swift and powerful that serious questions are raised 
concerning any future recovery. 

Eastbound 

The eastbound trade in lumber/wood chips has also shown a downward trend, led by 
West Coast Canadian and Asia shipments.  Canada and Asia have both been able to divert 
virtually all of their seaborne exports into Asian markets and thus the trade has declined 
but not collapsed – yet. 

Exhibit C-55 
Panama Canal Eastbound Lumber/Wood Chip Traffic, 1995-2003  
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As Exhibit C-55 shows, Asian exports to the Atlantic basin have virtually ceased – all that 
is produced is held within the region. Canada continues to sell 500,000 short tons of 
lumber to the Atlantic basin. This is down by 50 percent from the levels of 1995, but may 
reflect integrated supply chains that are able to withstand the pull of Asian markets for 
fiber in any form. Whether these markets remain vital is in question.  Importantly, the 



Panama Canal Market Demand Forecast Appendixes            

Mercer Management Consulting C-73

West Coast of South America (primarily Chile) continues to build a broad and important 
relationship as a supplier of lumber and chips in various forms to the Atlantic basin, 
notably the United States. Chile has emerged as a key source of manufactured forest 
products, and these trades serve as a valuable backhaul for southbound “conbulkers” that 
carry merchandise south and lumber north. 

Demand Forecast 

As in the case of pulp, Mercer built the trade forecast for the lumber trade. 

The westbound trade reflects the severe declines suffered by the United States, as Pacific 
basin sources of production have displaced the need for long-distance shipments from a 
high-cost source (Exhibit C-56).  A recovery in US exports is unlikely, but the potential 
for some rebound is accounted for in the alternative scenarios.  Similarly, European and 
“all other” exports are expected to be minimal, as production is focused on domestic and 
regional markets.   

Exhibit C-56 
Panama Canal Westbound Lumber/Wood Chip Traffic –  

Alternative Scenarios, 2001-2025 
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Source: Mercer analysis. 

Eastbound production is also profoundly affected by Asian growth and opportunities.   
Western Canadian production is projected to decline by 2 percent per year to 2010 and 1 
percent per year thereafter.  However, the booming West Coast South American (largely 
Chilean) lumber export market is projected to continue to increase, but at rates below the 
30 percent-plus rates seen in recent years. Chilean growth is projected to be 10 percent 
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per year to 2010 and then 5 percent per year thereafter. Chilean output is seen as being 
US and European-focused, due to its location and a historical pattern of north-south 
import-export trade, with ships carrying merchandise to Chile and returning with 
commodities including lumber and pulp.  The alternative scenarios for eastbound lumber 
account for the distinct possibility that production on the West Coast of the Americas is 
redirected to Asia (Exhibit C-57). 

Exhibit C-57 
Panama Canal Eastbound Lumber/Wood Chip Traffic –  

Alternative Scenarios, 2001-2025 
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Sensitivity Analysis 

Traffic Sensitivities and Risk Factors 

The primary trade risk factors identified are as follows: 

 Westbound: The US could assume a renewed role in shipping forest products to 
Asia. Additionally, Northern Shield (northeastern South American) nations could 
export some lumber to Asia. 

 Eastbound: US and Canadian production could shift toward Asia, as producers seek 
the highest values for their output, leaving Atlantic markets to Russian, Brazilian, 
Scandinavian, and Chilean producers. An addition risk is that Chilean production 
could also shift toward Asia for the same reason, leaving Atlantic markets to Russian, 
Brazil, and Scandinavian producers. 
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Toll Sensitivities   

While tolls are an element in the transportation costs of lumber products, they are not as 
critical in these particular trades given the relatively higher values of the commodities and 
the intense cost competition that exists within each basin.  While higher tolls will tend to 
reduce Canal traffic, the combination of production costs and shipping costs will be of 
relatively greater importance.  There are no trades that can be diverted across the Isthmus.   
Perhaps the first shift in traffic will be for lumber to move into containers that must be 
repositioned on containerships that would transit the Canal regardless. Under these 
circumstances, the containerships will look at transit tolls as sunk costs, and will price 
backhauls for marginal contribution.  The impact of tolls is likely to be exceeded by 
fluctuations in other marine costs on many routes.   

Logistics Insights 

The markets for softwood and hardwood lumber and chips create pressures for relatively 
different patterns of trade.  In general, fast-growing softwoods will be grown in tropical 
or tempered environments, with pine growing outside of the tropical equator belt.  Hard 
woods will tend to grow in more temperate zones.    

 China and Japan will therefore tend to source their hardwood lumber and chips from 
Canada, the US, Russia’s Pacific region, New Zealand, and to some extent Chile.  

 China and Japan will tend to source their softwood pulp requirements from 
plantations in Australia, Chile, Canada, New Zealand, and the US.   

 Brazil and Chile will be the major sources of softwood supply to the US Atlantic 
basin, while Canada and Chile will send product to the US Pacific.    

This arrangement will tend to reduce the role and the influence of the Panama Canal, with 
the exception of Chilean movements to the US Atlantic.  As producers add value by 
processing logs into lumber, chips, fiberboard, particleboard, and plywood, the values per 
ton will rise, reducing the significance of Canal tolls. Furthermore, many of these ships 
will be moving in north-south patterns to Brazil and Chile, so that return Canal tolls will 
be partially absorbed by liner commodities. Properly managed, Brazil, Guyana, French 
Guinea, Venezuela, and Colombia have the potential to be very competitive sources of 
lumber and chips.  The Canal’s toll levels will influence whether they continue to be 
primary suppliers of additional fiber to the US Atlantic and European markets. 

Westbound flows have been severely impacted by the closure of Far East to US Gulf 
lumber and chip producers. Canal tolls are not the key issue.  The eliminations of tolls 
would not restore trade to the levels of five years ago.  At the same time, the doubling of 
tolls will not help any sales in the Pacific. 

Eastbound flows from Canada and Chile are based on unique needs and abilities of 
producers to balance trade and compete in Europe and the US respectively. Canal tolls 
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will not be decisive, but cannot be ignored. Over time, US and European needs for lumber 
and chips will be met by pricing that promotes the necessary trade.  Forest products may 
be drawn from western Russia, Scandinavia, Eastern Canada, the US East Coast, or South 
America. Depending on the specific needs for wood (e.g., Canadian firs and other 
hardwoods), trade will occur, even in the face of Asian demands. Prices of products will 
adjust to reflect transportation costs. In this sense, hardwood forest products have some 
flexibility when tolls represent less than 5 percent of marine logistics costs and less than 2 
percent of total delivered prices. 

13.  Copper Concentrates and Refined Copper 

Background 

The copper trade through the Canal is categorized as copper concentrates or refined 
copper.  The Canal is a major conduit for refined copper (about 40 percent of world trade) 
and somewhat less significant for copper concentrates (about 15 percent of global trade). 
All end-use demand is for refined copper; concentrates are refined either in the exporting 
or importing country. Copper is used in building construction, electronics and electronic 
products, transportation, industrial machinery, and consumer and general products.  
Because of its broad uses, copper consumption is closely tied to macroeconomic trends.   

The growth markets for copper are China and other Asian economies, but they are all but 
irrelevant for the Canal.  Trade to Asia from the major supply sources in Chile and Peru 
will not transit the Canal nor will it reduce exports to North America and Europe, as 
South American mines are expected to be able to meet demand increases through the 
forecast period.   

Key Markets 

The most important routes for both copper commodities are from the West Coast of South 
America to Europe and the United States. Chile is the world’s leading producer; together 
with neighboring Peru, it accounts for 40 percent of global production. Indonesia and the 
US are the next largest producers, but the US is not a major exporter because its 
production does not satisfy domestic demand.  The copper trade has grown more rapidly 
than GDP since 1995 and Canal traffic has more than doubled.  The refined copper trade 
has grown more rapidly than concentrates as producers in South America have sought to 
add value by processing ore locally.  South America is expected to fulfill most future 
increases in global copper demand, most notably for Asia.  Therefore, the relevant issue 
for the Canal is primarily European demand and, secondarily, US demand. 
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Key Traffic Routes 

Eastbound Only 

The West Coast South America to Europe trade accounted for 60 percent of Canal 
volume in refined copper and 72 percent of copper concentrates(Exhibits C-58 and C-59), 
while West Coast South America to East Coast United States represents 24 percent of 
refined copper and 10 percent of copper concentrates.  The analysis explicitly accounts 
for 84 percent of refined copper and 82 percent of concentrates. 

Exhibit C-58 
Panama Canal Eastbound Copper Concentrate Traffic, 1995-2003  
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Exhibit C-59 
Panama Canal Eastbound Refined Copper Traffic, 1995-2003  
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Source: ACP.  

Demand Forecast 

The Nathan Study’s growth rates were compared to other available data and forecasts.  
By cross-checking the forecast with this data, and based on qualitative information from 
an interview with a US Geological Survey commodity expert,25 Mercer arrived at a 
projection of growth nearly equal to that of the Nathan Study for the South America to 
Europe routes for refined copper and copper concentrates.  The dominant trend inherent 
in the forecast is a shift from concentrates to refined copper, as European smelters have 
not been able to keep pace with demand for refined copper.  Concentrate shipments are 
expected to grow by 2.9 percent 2001 to 2025, compared to 5.1 percent for refined 
copper.   

A Brook Hunt forecast predicts that European copper demand will rise from 4.1 million 
tons in 2002 to 5.3 million tons in 2012,26 representing a compound annual growth rate of 
2.6 percent.  As European copper production is not expected to grow significantly, this 
demand will be met through imports, primarily from South America.  The 1.2 million 
tons of demand growth will be met by a combination of refined copper and copper 
concentrates to be refined in Europe (Exhibit C-60).  Assuming that concentrates yield 45 
percent refined copper, the total additional refined copper from South American imports 
grows by 1.4 million tons between 2005 and 2015.  This is a difference of 0.16 million 
tons compared to the Brook Hunt 10-year growth forecast. 

                                                 
25 Daniel L. Edelstein, US Geological Survey, March 5, 2004. 
26 Brook Hunt, July, 2003: Dr. Werner Marnette, CEO Norddeutsche Affinerie AG, German Mid Cap Conference, 25 
November, 2003. 
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Exhibit C-60 
Forecast European Imports of Copper, 2005 and 2015 
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Source: Nathan Study, Brook Hunt, 2003, Mercer analysis. 

The macroeconomic scenarios encompass the foreseeable changes to the trade, so no 
alternative scenario is offered. Copper demand is widely spread across economic sectors, 
including housing, electric power, electronics, and consumer goods, so the copper 
industry is likely to reflect macroeconomic trends.  While there are alternatives to copper 
for some uses, the tradeoffs between them are well understood and incorporated in the 
forecasts; there are no expected developments that would significantly alter the use of 
copper.  Also, the existence of a single major supplier and widespread use in the 
European economy do not point to source substitution or to a shift in the location of 
consumption. 

Sensitivity Analysis 

Toll Sensitivity 

By almost all criteria, the copper trade is not sensitive to tolls.  Compared to other bulk 
commodities, copper has the highest value: $1,700 per ton in 2003.27  Therefore, even 
tripling the toll would have less than a 1 percent impact on the landed cost.  With few 
alternative sources or product substitutes, tolls would not affect the competitive 
landscape.  The trade is highly sensitive, however, to the alternate route from Chile to 
Europe via Cape Horn, which is accounted for in the route and fleet allocation analysis.   

                                                 
27 U.S. Geological Survey, Mineral Commodity Summaries, January 2004, p.54. 
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14.  Route and Fleet Allocation for All Commodities 

This section describes the route and fleet allocation analysis used to determine ODB 
demand for Canal services. 

The inputs to the route allocation model are the potential Canal volume by O/D pair and 
commodity, as determined in the trade forecasts for each commodity.  Alternatives to the 
base case trade forecasts are captured in user-defined scenarios and in the Monte Carlo 
simulation. 

ODB commodities are mostly low value and are not, for the most part, candidates for 
intermodal competition (such as rail for containers and grain or pipeline for crude oil) so 
route allocation is exclusively a choice between Canal and non-Canal ocean routes for 
each O/D pair.  This choice is in large part a function of the vessel size employed, so the 
route allocation and fleet allocation functions have been combined into a single model.  
The route-fleet allocation model is designed to: 

 Determine how dry bulk volume through the Canal will vary with changes in route 
cost factors 

 Identify the trade volumes captured from traditionally non-Canal routes as a result of 
Canal expansion 

 Allocate trade volume to ships by class to calculate transits, PCUMS tons, and toll 
revenues for the segment 

 

The model employs elements of the Nathan Study’s fleet analysis and Mercer’s analysis 
to drive vessel allocation: 

 Cargo is allocated to ship type by commodity (Nathan Study) based upon historical 
Canal data.  The shares attributed to dry bulk carriers and conbulkers is included in 
the analysis and yields the potential trade by commodity.  Other dry bulk commodities 
carried in other ship types are captured in those segments’ analyses. 
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 Cargo carried on dry bulk carriers is allocated to ship size bands by trade route and 
commodity (Nathan Study). This analysis adjusts historical Canal size distribution 
with predictions of global fleet, port infrastructure, and commercial developments.  
Separate allocations are made for the existing and expanded Canal scenarios.  The 
result of the allocations is the potential Canal trade by ship size, route, and 
commodity. 

The total ocean transportation cost for each origin/destination/commodity/ship size 
combination is then calculated for the Canal route and the lowest cost alternative ocean 
route to determine whether cargo will transit the Canal.  The sum of all routes for which 
the Canal is the less expensive route is the total ODB tonnage for the Canal in that year 
under the operating assumptions in the model.  The determination assumes that: 

 Vessel operators are able to select the lowest cost ocean route in the short term based 
on variable and operating costs. 

 The time saved by a Canal transit is valued at the vessel’s time charter rate. 

 Total ocean freight is applied to the number of tons carried according to historical 
vessel utilizations in the existing Canal scenario and adjustments to those utilizations 
for the expanded Canal.  Historical utilizations were selected over explicit calculation 
using draft and stowage factors because of the wide range of ports with different 
drafts, sub-commodities within groupings that have different stowage factors, and 
commercial requirements that do not always use ships’ full capacity.  For example, a 
Panamax ship may take a handy-sized cargo as a backhaul to the US Gulf to avoid 
sailing in ballast.  The utilization factors implicitly capture all of the physical and 
commercial constraints.  On ships constrained by draft in the existing Canal, larger 
utilizations are attributed to alternative ocean routes. 

Cost factors are employed as follows: 

 Voyage time: the total voyage length is calculated based upon the ship’s speed, 
distance on the Canal or alternative route, port time, and Canal time.   

– Only the laden voyage is counted, because most dry bulk ships do not return in 
ballast to the last port at which they loaded but try to fix voyages that maximize 
their laden days per year. 

– Port time is included, so that the freight rates in the model are as realistic as 
possible; it has no bearing, however, on use of the Canal, as port time is the same 
for alternative routes. 

– Canal time is the weighted average of booked and unbooked waiting plus transit 
time for the Panama Canal.  For the Suez Canal, the assumed total time is used. 
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 Fuel cost: uses appropriate consumption rates of intermediate fuel oil and marine 
diesel oil for each vessel size. Fuel prices are based on assumptions used in all 
segments and can be varied by the user.  The cyclicality of oil prices is captured in the 
Monte Carlo simulation, based on historical data from the US Department of Energy. 

 Time charter rates are based on the Nathan Study’s assumptions for the base year and 
are escalated at 3 percent, according to Drewry’s Ship Costs28.  Time charter rates are 
used rather than ship costs because they are much more indicative of ship owners’ 
behavior and are only loosely correlated with cost.  Also, time charter rates are varied 
in the Monte Carlo simulation to capture the effect over time of this cyclical cost 
component. 

 Canal tolls are based upon the pricing scenarios that were tested: a two percent 
nominal annual increase in the base case.  For comparing costs between Canal and 
alternative routes, historical rates of other charges are added to the total ocean freight 
cost as well as the weighted average booking cost for booked and unbooked vessels.  
The revenue calculated is toll revenue only. 

 Commodity values are used to determine the inventory cost of the cargo using 
assumed corporate interest rates to capture the cost of inventory.  The inventory cost 
affects the routing choice by its inclusion in total cost which is compared for the two 
routes. 

The results of the route and fleet allocation analysis are expressed as tonnage, transits, 
PCUMS, and toll revenues by commodity and by ship class for the three macroeconomic 
scenarios and two Canal scenarios in each year of the forecast. 

15. Scenario Analysis 

This section describes the results of the ODB forecast using Mercer’s integrated demand 
model.  The scenarios presented are the three macroeconomic cases (using the Nathan 
Study’s application of DRI-WEFA’s macroeconomic forecast to the dry bulk trades) for 
base case operating conditions, and optimistic and pessimistic scenarios for specific 
demand drivers in the base case economic scenario. 

Base Market Scenario: Probable Case 

The most probable scenario combines the base case macroeconomic forecast and the base 
case market scenario (Exhibit C-61).  Growth rates for most commodities are based on 
the Nathan Study’s forecasts, with several adjustments by Mercer.  Canal trade in the 
scenario grows from 59 to 73 million tons by 2025, with a commensurate increase in 

                                                 
28 Ship Operating Costs Annual Review and Forecast 2002, Drewry Shipping Consultants Ltd. 
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transits. Toll revenues are expected to grow to US$216.1 million in the final year of the 
forecast. Transits are expected to grow from 2,047 in 2001 to 2,449 in 2025, while toll 
revenues are expected to grow from US$ 120.1 million in 2002 to $216.1 million over the 
forecast period. 

Exhibit C-61 
Base Market Scenario: Probable Case 

 
Source: Mercer integrated demand forecast. 
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 Base Market Scenario: Pessimistic Case 

The pessimistic macroeconomic scenario is what ACP has seen unfolding since the base 
year of the forecast in 2001 (Exhibit C-62).  Following a decline in tonnage and transits 
through 2005, growth resumes at a more moderate rate than the base case. Transits are 
expected to grow to 2,207 in 2025, while toll revenues are expected to grow to $194.8 
million in 2025. 

Exhibit C-62 
Base Market Scenario: Pessimistic Case 

 
Source: Mercer integrated demand forecast. 
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Base Market Scenario: Optimistic Case 

In the optimistic scenario, more rapid growth is fueled by steel and related trades and 
Canal volume reaches 100 million tons by 2025 (Exhibit C-63).  Growth rates are also 
similar across regions. Transits are expected to grow to 3,347 in 2025, while toll revenues 
are expected to grow to $276.8 million in 2025. 

Exhibit C-63 
Base Market Scenario: Optimistic Case 

 
Source: Mercer integrated demand forecast. 
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Pessimistic Market Scenario  

In the pessimistic market scenario, a number of events combine to prevent trade from 
increasing (Exhibit C-64).  The key driver of this scenario is a situation in which China 
affects a number of trades by siphoning raw materials from Pacific exporters, hurting the 
Canal, while steel and related products shift toward local and regional production and 
away from long-haul trades. In this scenario, transits are expected to grow to 2,120 in 
2025, while toll revenues are expected to grow to $184.7 million. 

Exhibit C-64 
Pessimistic Market Scenario  

 

 
Source: Mercer integrated demand forecast. 
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Optimistic Market Scenario  

Growth in China is also a driver of the optimistic market scenario but, instead of 
dampening trade, its raw and intermediate materials requirements lead to increases in 
steel, scrap, and forest products from the Atlantic to Asia (Exhibit C-65). In this scenario, 
transits are expected to grow to 2,612 in 2025, while toll revenues are expected to grow to 
$230.9 million.  

Exhibit C-65 
Optimistic Market Scenario 

 

 
Source: Mercer integrated demand forecast. 
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16.  Marketing/Pricing Summary 

This section discusses insights that affect the assumptions used in the model as well as 
those illuminated by the output of the model.  The discussion synthesizes information 
from the trade, route, and fleet analyses to provide a comprehensive description of the 
Canal’s position vis-à-vis the dry bulk trades, to assist in interpreting the model results, 
and as input to the decision making process for pricing and Canal expansion. 

Toll Sensitivity 

The sensitivity of dry bulk trades to increases in Panama Canal tolls occurs at the trade 
and route level.  The trade level analysis captures the economics of each commodity: the 
importance of the individual trade to shippers and receivers, value relative to 
transportation costs and tolls, price elasticity of buyers and sellers, and the economics of 
alternative sources and markets.  Independent of these factors, for cargo that is retained 
by the Canal at any given toll, the route analysis determines whether the Canal or an 
alternative route is the more attractive for a given vessel size and O/D pair. 

Toll sensitivities at the trade level are discussed for each commodity in the sections 
above, but it is instructive to examine them in aggregate.  The sensitivity curves in 
Exhibit C-66 were developed considering the aforementioned factors.  In a few cases, 
sensitivity could be quantified precisely where the pricing of a key alternative source, 
FOB price of the Canal cargo, and how market share is allocated, are known.  For 
example, the competition between imported salt from South America and domestic 
sources in the Northeast US is clearly defined by price and penetration from the port and 
mine mouth.  For most commodities, logistics models were created to compare 
alternatives and the other factors were considered, but the determination of the values 
along the curve was made by expert judgment.  In the case of steel, for example, quality 
and sub-commodity differentiation cannot be captured by a logistics model.  Another 
example is cement, where the logistics model indicates that the trade is not supported at 
any toll level and average price statistics do not capture the variability inherent in 
individual trade deals.  This seemingly illogical trade may be linked to a specific 
backhaul opportunity not represented in average freight rate data; a ship carrying grain to 
South Korea and cement back to the US Gulf would achieve nearly 100 percent 
utilization, reducing the rate per ton on the backhaul. 

The trades most sensitive to toll increases are low-value fungible commodities (Exhibit 
C-67), commodities that are widely available from various sources, and/or those that have 
substantial flows in opposition to the prevalent direction of the trade.  The moderately 
sensitive commodities have differing properties. Producers of eastbound coal and petcoke 
could absorb toll increases, but there are alternative markets that become more attractive 
as tolls rise.  Sugar is relatively high-value but has many sources and markets.  Eastbound 
lumber and pulp are being drawn west to Asian markets anyway and increased tolls 
would only accelerate the rationalization of those trades to the Atlantic and Pacific basins.  
The remaining commodities are of higher value, are intermediate products, are 
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differentiated at the sub-commodity level, and are subject to market dynamics that dwarf 
toll changes on the order being considered by the Canal. 

Exhibit C-66 
Dry Bulk Commodities: Toll Sensitivity 

 
Source: Mercer analysis. 
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Exhibit C-67 
Commodity Volume and Sensitivity to Toll Increases 
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Source: ACP, Mercer analysis. 

Regardless of a given commodity’s insensitivity to toll increases at the trade level, if an 
alternative route is less expensive than the Canal route, the trade will be lost.  Steel is a 
perfect example; at $400 per ton, a 50 percent increase in tolls adds only 0.3 percent to 
the landed cost and, from a trade perspective, only 2 percent of Canal traffic would be 
lost.  However, the Canal route for steel from the East Coast of South America to China is 
only 23 percent shorter than the alternative, and tolls will affect the choice of route.  The 
example in Exhibit C-68 compares the routes for a Handymax bulker carrying steel from 
Puerto Ordaz to Shanghai. 
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Exhibit C-68 
Steel: EC South America to China Route Comparison 

 
  Panama Canal Cape Horn Difference 
Miles                   10,026          12,888       (2,862) 
Cargo Tons                   36,903          36,903             -    
Voyage Days                      37.5             44.6              (7) 
        
Time Charter Cost $309,994 $368,216 ($58,222) 
Fuel Cost $146,952 $189,897 ($42,945) 
Inventory Cost $151,671 $180,456 ($28,784) 
Port Costs $67,066 $67,066 $0  
Canal Tolls $69,210   $69,210  
Other Canal Costs $16,861   $16,861  
Total Cost $761,754 $805,635 ($43,880) 
Cost per Ton $20.64 $21.83 ($1.19) 
    

Indifference Point as Percent of Canal Costs: 51% 
 

                                Source: Mercer route cost analysis for 2002. 

When a 6 percent nominal annual increase in tolls in implemented, the Canal route is at a 
$0.02 disadvantage by 2020, causing 0.6 million tons of cargo to shift away from the 
Canal. As demonstrated in this example, alternative ocean routes are attractive when 
Canal tolls rise on routes where the difference in distance between the Canal route and the 
alternative is small.  Conversely, when bunker prices and time charter rates rise, less 
cargo will be diverted by toll increases.  Importantly, increased shipping cost is not 
expected to attract additional cargo to the Canal, as discussed below.  The other point that 
is evident from this example is that the forecast is indicative in the aggregate but that the 
differences between routes can be so small that no model will accurately predict all 
customers’ behavior, as the values of decision drivers vary from day to day and the 
economics of the players in the supply chain will vary. 

Bypass Trades 

It is intuitive from the toll sensitivity discussion that just as increased tolls would divert 
cargo from the Canal, increased time charter rates and bunker prices should attract trades 
that do not currently use the Canal, because the cash and opportunity costs of transiting 
are prohibitive compared to alternative routes.  For vessels that could transit the Canal 
currently, this is not the case.  According to the Nathan Study’s analysis of global bulk 
trades, “all dry bulk trades that would logically transit the Panama Canal from a 
straightforward mileage perspective already do so.”  There may be some isolated exceptions 
on small intra-Latin America or Latin America to Africa trades, but do these not constitute 
significant volumes. 



Panama Canal Market Demand Forecast Appendixes            

Mercer Management Consulting C-92

 
The relevant bypass trades for the Canal are those that employ post-Panamax vessels on 
longer routes, achieving lower cost through economies of scale.  If the Canal is expanded, 
these trades could potentially be attracted to the Canal and are included in the trade, route, 
and fleet analyses.  The key bypass trades are coal from the West Coast of North America to 
Europe and from Oceania to the Americas, and iron ore from Brazil, Venezuela, Canada, and 
the US to Asia; together these trades amounted to 30 million tons in 2001 and are expected to 
reach 44 million tons in 2025.   
 
Under baseline conditions, with a 2 percent nominal toll increase, the only significant trade 
that would be captured by the Canal once it were expanded is coal moving from the West 
Coast of Canada and the US to Europe.  In this scenario, 1.5 million tons of coal would transit 
the Canal, as would 0.6 million tons of iron ore, generating $5.4 million of toll revenue.  The 
advantage of the Canal compared to alternative routes is on the order of $1 per ton.  Of 
those trades that are attracted to the Canal, only the portion carried on smaller Capesize 
ships (from 120-150Kdwt) would be captured; for larger ships, the difference in the cargo 
they can carry through the Canal vs. an open ocean route shifts the advantage away from 
the Canal. (A 155Kdwt ship can carry 115,500 tons through the expanded Canal at 14 
meters draft vs. 138,000 fully loaded.) 
 
With a hypothetical five percent nominal annual toll increase implemented from 2005, 
only a minor iron ore trade from Chile to the Caribbean would be captured when the 
expanded Canal opened in 2015.  The sensitivity of the Canada to Europe trade, however, 
is only $0.01 per ton, so it could shift either way.  With the accumulated increase, 
however, the Canal would be at a $1 per ton disadvantage by 2025. 
 

Bulk Fleet Development, Deployment, and Canal Expansion 

Along with an understanding of projected trade flows, the impact of Canal pricing and 
service on customer choices, and the potential for the expanded Canal to attract new 
trades, an additional component of demand that is needed to predict transits and toll 
revenues for the expanded Canal scenario is the evolution of the dry bulk fleet and the 
Canal’s impact on its development.   

The effect of Canal expansion on global bulk trades and fleets is in part a function of the 
Canal’s share of the bulk transportation market.  From Exhibit C-69 below, it is clear that 
the Canal captures only a small share of non-grain dry bulk trades, about 3 percent.  This 
figure would seem to imply that the Canal has no affect whatsoever on the decisions of 
shipyards, vessel operators, and shippers.   

This is partially true; the expansion of the Canal will have only a minor impact on trade 
patterns.  For the vast majority of dry bulk trade flows, the Canal is not an option, nor 
would its expansion to allow larger vessels cause new patterns to emerge. Bulk trade 
flows will continue to change as a result of the trends that affect them now: shifts in 
manufacturing and consumption, the depletion of resources in traditional exporting 
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regions, development of new resources, and the effects of environmental constraints in 
the industrialized world.  These tend to further fragment and regionalize trade patterns. 

Exhibit C-69 
Dry Bulk Moving Through Panama Canal versus in Global Bulk Trades 
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                                    Source: Nathan Study, ACP. 

Canal expansion is not likely to greatly affect global fleet development for bulk, but not 
because of the Canal’s share of world trade.  In fact, the Canal has affected fleet 
development in the past, so why would it not in the future?  One of the overarching goals 
of ship operators is to enjoy the flexibility to load the widest variety of cargoes in 
different ports with the greatest efficiency possible.  Therefore, even though the grain 
trade from the US to Asia increases the Canal share of total bulk tonnage (grain and 
ODB) to just 5 percent, the ability to load Panamax grain cargoes in the US Gulf and then 
trade back in minor bulks has driven the ubiquity of this workhorse bulk carrier.  The 
evolution of a new Panamax vessel or growth in small Capesize ships is dependent in part 
on whether the grain trades will demand such ships, which is unlikely. 

Expansion of the Canal will have little or no impact on the logistical costs of the range of 
“industrial” commodities.   Industrial commodities include virtually all commodities 
other than grain, iron ore, and coal.  Although some shipments of petcoke, coke, scrap, 
fertilizers and other commodities are transported in Panamax ships today, the vast 
majority of industrial commodities are transported in ships smaller than Panamax.   The 
logistics of many of these commodities are geared for limited drafts, limited inventory 
levels at/near plants, and finite shipment sizes to customers.  In some cases, higher 
commodity values support more frequent and prompt movement of production.  In other 
cases, subtle differences in product specifications (grade, purity, dimensions) make it 
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difficult to assemble Panamax-plus shipment sizes bound for a single port or customer.   
Consequently, the impact of an expanded Canal on these shipments will be minimal for 
many years to come. 

On the other end of the spectrum from the minor/industrial bulks are iron ore and coal.  
Because of the large volumes transported and the relatively few major sources, these 
trades have developed infrastructure to support very large Capesize ships.  As 
demonstrated in the bypass analysis, the Canal is unlikely to capture any significant 
volume of these commodities, even if expanded. 

For the majority of other bulk commodities, the Canal’s own experience indicates that 
larger ships will not be attractive.  Only 36 percent of ODB tonnage and 23 percent of 
transits are in Panamax bulkers (often with partial cargoes, to provide owners with some 
revenues while repositioning to coal, grain, and iron ore markets); it is reasonable to 
assume that trades using handymax vessels will not have a compelling reason to skip to 
post-Panamax ones.  For trades that do utilize Panamax vessels, Canal expansion will 
impact fleet deployment.   

Because of port restrictions, storage capacities at loading and unloading terminals, and the 
optimal lot sizes for producers and users of the commodities, the minor bulk trades have 
evolved globally around the handy to Panamax size ranges.  It is for cargoes already 
carried on Panamax ships that greater utilization and migration to somewhat larger 
vessels is expected.  This shift represents an incremental gain in efficiency for shippers 
but has important ramifications for the Canal.  West Coast North America to Europe 
(lumber, coal, and petcoke), West Coast Latin America to East Coast US and Europe (salt 
and copper), and Asia to East Coast US (cement, steel, lumber, pulp, met-coke, and 
bauxite) will all see allocations shift from  the 60-70Kdwt range to the 80-90Kdwt range.  
Currently, this is not a popular size band, but there are a number of ships built for specific 
trades and additional ones on order.  These designs may be used for the expanded Canal 
or new designs may emerge to optimize not only for the Canal’s characteristics but for 
US Gulf and Venezuelan draft restrictions.  Such ships would be comparable to the 
“Lakemax” Aframaxes employed in the tanker trades.  Only a relatively small number of 
ships would be required to meet the expected Canal demand generated by about 180 grain 
and other dry bulk transits in 2025. 

For the Canal, the improved utilization and economy of scale in the toll structure would 
reduce per ton toll revenue from $1.84 to $1.64 in the base year (excluding toll increases).  
In this example, the transits required would be reduced by one fourth, as cargo tons per 
transit would increase from 50,000 to 67,000 tons.  The impact on the Canal’s numbers is 
instructive.  Assuming five percent per annum nominal toll increases from 2005, ODB 
tonnage in 2025 with the expanded Canal would be 4.8 million tons greater than for the 
existing Canal, with only six more transits.  PCUMS tons would be 1.6 million greater in 
the expanded scenario and toll revenues $10.5 million more.  This scenario presents a 
challenge for the Canal: tolls required to fund expansion would divert half of the potential 
cargo increase – 7 of 14 million tons – with little offsetting revenue compared to the 
existing Canal and no reduction in transits to make way for more valuable ships.   
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In summary, an expanded Canal will have a limited impact on the dry bulk trades, due to 
the limited role of the Canal in global trade and the preference of shippers to optimize 
logistics based on total delivered cost.    
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Appendix D 

Summary: Liquid Bulk Segment Analysis 

Overview of the Liquid Bulk Segment 

The liquid bulk segment comprises six main commodities carried on tank ships, a number 
of miscellaneous liquids grouped as “other” and, for the expanded Canal, the potential 
addition of LNG.  Of the commodities analyzed, crude oil, gasoline, diesel, residual fuel 
oil, and LPG are petroleum or petroleum derivatives and are thus tied to the energy 
industry.  Clean products – several grades of gasoline and diesel – are carried together 
aboard products tankers but the market for each product is analyzed individually.  
“Chemicals” groups a variety of organic and inorganic liquids under one heading and, in 
fact, several commodities are usually transported simultaneously on a ship in a number of 
individual tanks.  Organic chemicals, the majority of chemicals tonnage, are also derived 
from petroleum and can be used in energy production or other industrial processes.  LPG 
and LNG are carried in specialized tankers; LNG has yet to transit the Canal. 

The crude, products, and gas trades that use the Canal are almost entirely regional trades; 
very little of the tonnage originates in or is destined for a terminal outside of the 
Americas.  Conversely, the major global energy flows have evolved independently of the 
Canal due to geography, the Canal’s size limitations, and the presence of the huge energy 
complex in the US Gulf that attracts a large share of the available volumes in the Atlantic 
Basin.  The flows that transit the Canal are minor relative to world markets but have 
regional importance.   

The events transpiring in the chemicals trade and its future are tied to the theme of 
industrial development in China and other parts of Asia.  What share of its intermediate 
materials requirements will China import and how much will it process from raw 
materials?  Will it turn around and begin exporting excess intermediate products that it 
used to import?  What happens as Chinese per capita income increases and the 
manufacturing of low value products shifts to South Asia?   
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Key insights regarding liquid commodities include: 

 East Asian petrochemical activity is growing rapidly in order to meet the demands 
of increasing manufacturing and economic well-being in the region, while US 
activity has barely kept paced with GDP.  Furthermore, the fact that the US 
chemicals industry hardly grew during the past five years demonstrates the 
increasing self-sufficiency of China and the Far East, and the ability of the Far 
East to augment its needs for basic chemicals from other sources, including the 
Middle East.  China has been continuously expanding its capacity, but its needs 
continue to outpace its capacity because of its manufacturing successes, which 
will drive growth in trade during the forecast period. 

 More than 32 million barrels of crude oil travel on inter-regional trades routes in 
the world daily and an additional 10 million barrels per day travel on shorter intra-
regional trade routes as well.  Of this global volume, less than 90,000 barrels per 
day has transited the Canal in recent years, representing less than 0.3 percent of 
global activity.  Consequently, the Canal’s role in the movement of crude oil is 
very limited.  Ecuador has the fourth largest discovered crude oil reserves in Latin 
America and is a net exporter of crude oil to the world, but ships 75 percent of its 
exports to Pacific terminals in the US and Asia.  The 25 percent that is shipped to 
the Atlantic supplies small Central American economies and is a tiny supplier for 
the US Gulf refinery complex.  The recent re-activation of the Trans Panama 
Crude Oil Pipeline (PTP) threatens the role of the Panama Canal for the eastbound 
transportation of crude oil. 

 Petroleum products (gasoline, diesel, and LPG) move primarily from the Atlantic 
to the West Coast of Latin America to meet local demand.  Some arbitrage trades 
transit the Canal from the Pacific to the Atlantic.  The products trades are sensitive 
to developments in the Pacific basin and in the consuming countries themselves 
that would reduce the need for Canal-borne product, including the growth of 
refining capacity on the West Coast of Latin America and the improvement of 
overland transportation infrastructure that would improve the competitiveness of 
trucking across Central America. 

Mercer’s liquid bulk analysis focuses in on the individual sources of product and the 
potential demand for them on the coasts of the Americas, especially South America for 
crude and Central America for petroleum products.  In each of these cases, the critical 
driver of the trade—either supply or demand—is identified and analyzed in depth.  For 
example, the future of the crude oil trade from Ecuador to the US Gulf is supply driven; 
the huge US demand does not drive the trade but, rather, the export opportunities 
available to Ecuador.  Similarly, the analysis focuses not on how much diesel US and 
Caribbean refineries can supply but on the development of demand on the West Coast of 
Latin America. 
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Liquid Bulk Traffic and Toll Revenue Forecast 

Mercer’s methodology for the study was designed to deliver comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, 
marketing/pricing actions, and Canal expansion cases. For the three macroeconomic 
scenarios and three market scenarios for specific demand drivers developed by Mercer, 
the forecast is summarized below.  ACP transit data was analyzed to determine the 
allocation of cargo to ship types and sizes; fleet developments were integrated into the 
forecast to estimate transits through the forecast period. 

Probable Scenario 

The most probable scenario assumes no significant changes in Pacific side refining 
capacity and road infrastructure, Ecuadorian crude production trends, and the supply-
demand balance of chemicals in Asia. Canal trade in the scenario declines as crude 
declines and then recovers through incremental growth in products and chemicals.  
Tonnage is stable at 31 million tons in 2002 and 2025.  Transits decline from 1,714 to 
1,691. Toll revenues are expected to grow from US$75 million to US$137 million in the 
final year of the forecast.  

Pessimistic and Optimistic Market Scenarios 

The market scenarios adjust the liquids trade forecast for a number of potential 
developments in Latin America and Asia, i.e.: 

 Ecuador crude production and transportation: Increased production is 
associated with the optimistic scenario.  In the optimistic scenario, the TPP will be 
used for eastbound shipments only; in the pessimistic scenario it opens for 
westbound cargo as well.   

 Pacific coast refining and transportation infrastructure: Because of the 
bidirectional nature of the products trades, anything that increases trade in one 
direction will reduce it in the other.  The optimistic scenario assumes that the 
refining capacity and transportation infrastructure on the west side of Central 
America will not grow to reduce the region’s dependence on shipments through 
the Canal.  In the pessimistic scenario, refinery output grows and roads are built 
and improved that increases the competitiveness of overland shipment of 
products. 

 Asia chemical supply-demand balance: Rapid growth in China could have a 
positive or deleterious effect on westbound chemical shipments, offset by a 
corresponding reduction or increase in eastbound shipments from China.  The 
westbound trade is larger so the optimistic scenario assumes continuing Asian 
reliance on chemical imports. 
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Therefore, in the pessimistic market scenario, crude volume drops significantly and the 
growth of chemicals and LPG offset decreases in other products.  Increases in eastbound 
products and chemicals offset westbound decreases. Transits decline to 1,563 in 2025, 
while toll revenues are expected to grow to $126.7 million in 2025. 

In the optimistic market scenario, Ecuadorian production increases drive a recovery in 
crude.  Moderate products gains and significant growth in the chemicals sector lead to 
10.6 percent growth in tonnage. In this scenario, transits are expected to increase to 1,796 
in 2025, while toll revenues are expected to grow to $147 million in 2025. 

Marketing/Pricing Insights 

Toll sensitivity: The sensitivity of liquid bulk trades to increases in Panama Canal tolls is 
determined at the trade level, which captures the importance of the individual trade to 
shippers and receivers, value relative to transportation costs and tolls, price elasticity of 
buyers and sellers, the extent to which the trade is arbitrage, and the economics of 
alternative sources and markets.  Sensitivity curves provide the context of the trades. 
Crude is endangered already, so any toll increases will only cause that decline to occur 
more quickly.  Westbound products are less sensitive than eastbound because they are 
more representative of core demand than arbitrage.  Chemical trades are moderately 
sensitive because of high cargo value, expensive ships, and carrier patterns that are not 
easily shifted; on the other hand, profit margins are very narrow and any incremental gain 
in cost advantage for the Asian chemical industry accelerates the shift from US imports. 

Bypass trades: A key focus of the demand forecast is to assess which trades, if any, 
would be attracted by a deeper, wider Canal.  Bypass trades are those for which the Canal 
would be the shortest route but sail on an alternative, longer route to achieve economies 
of scale from larger ships or lower total route cost by avoiding Canal tolls and waiting 
time.  In the liquid sector there are no significant trades that meet this definition.   
 
A broader question that the analysis addresses is whether the expanded Canal would 
induce a shift in cargo flows to patterns that would be economically viable on post-
Panamax ships.  The only liquid commodity that is regularly transported in post-Panamax 
ships is crude oil.  From an analysis of major crude flows that could potentially transit the 
Canal, it is clear that there is no buyer or seller for whom transportation via the Canal 
represents a cost effective option.   
 
Bulk fleet development, deployment, and Canal expansion: The Canal will have little 
impact on changes to oil, products, chemical, or gas tankers.  The fleet has evolved—and 
continues to evolve—around standard sizes that best suit the commercial environment of 
the major trades.  The forecast shows that there are few opportunities for growth in the 
petroleum trades through the Canal, and any that do arise can be met by the existing fleet.    
In summary, an expanded Canal will have negligible impact on the liquid bulk trades, and 
toll increases would accelerate the decline in tonnage over the forecast period. 



Panama Canal Market Demand Forecast Appendixes           

Mercer Management Consulting D-5

Liquid Segment Analysis Detail 

1.  Overview 

Background 

The liquid bulk segment comprises six main commodities carried on tank ships, a number 
of miscellaneous liquids grouped as “other” and, for the expanded Canal, the potential 
addition of liquefied natural gas (LNG).  Of the commodities analyzed, crude oil, 
gasoline, diesel, residual fuel oil, and liquefied petroleum gas (LPG) are petroleum or 
petroleum derivatives and are thus tied to the energy industry.  Clean products (several 
grades of gasoline and diesel) are carried together aboard products tankers, but the market 
for each product is analyzed individually.  “Chemicals” consists of organic and inorganic 
liquids and several commodities are usually transported simultaneously on a ship in a 
number of individual tanks.  Organic chemicals, the majority of chemicals tonnage, are 
also derived from petroleum and can be used in energy production or other industrial 
processes.  LPG and LNG are carried in specialized tankers; LNG has yet to transit the 
Canal because LNG carriers’ dimensions are post-Panamax. 

The liquid bulk crude, products, and gas trades that use the Canal are almost entirely 
regional trades; very little of the tonnage originates in or is destined for a terminal outside 
of the Americas.  Conversely, the major global energy flows have evolved independently 
of the Canal due to geography, the Canal’s size limitations, and the presence of the huge 
energy complex in the US Gulf that attracts a large share of the available volumes in the 
Atlantic Basin.  The flows that transit the Canal are minor relative to world markets but 
have regional importance.   

For this reason, Mercer’s approach differs significantly from most energy transportation 
studies, including the Transportation Study on the Liquid Bulk Market Segment and the 
Panama Canal (Fearnley’s)1 provided to the ACP.  Those studies tend to focus on 
regional supply and demand and the inter-regional trade required to balance them, with 
intra-regional trade addressed as a homogenous item. Such an approach did not provide 
the necessary disaggregation required to understand the Canal’s liquid trades, including 
intra-Latin America trade and Latin America-North America trade.  Mercer believes it is 
necessary to address the supply and demand on each side of the Americas to understand 
how commodities are likely to flow.  For this reason, Mercer’s liquid bulk analysis 
focuses on the individual sources of product and the potential demand for them on the 
coasts of the Americas, especially South America for crude and Central America for 
petroleum products.  In each of these cases, the critical driver of the trade – either supply 
or demand – is identified and analyzed in depth.  For example, the future of the crude oil 

                                                 
1 Transportation Study on the Liquid Bulk Market Segment and the Panama Canal March, 2003, Prepared for the 
Panama Canal Authority by Fearnley Consultants A/S. 
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trade from Ecuador to the US Gulf is supply driven; the huge US demand does not drive 
the trade but, rather, the export supply opportunities available to Ecuador is the driver.  
Similarly, the analysis focuses not on how much diesel US and Caribbean refineries can 
supply but on the development of demand on the West Coast of Latin America. 

In contrast to oil and products, the chemicals trade is largely interregional.  Like most of 
the other segments, the events unfolding in this trade and its future are tied to the theme 
of industrial development in China and other parts of Asia.  What share of its intermediate 
materials requirements will China import and how much will it process from raw 
materials?  Will it turn around and begin exporting excess intermediate products that it 
used to import?  What happens as Chinese per capita income increases and the 
manufacturing of low value products shifts to South Asia?  These issues are addressed in 
the analysis. In the model, optimistic and pessimistic China scenarios are tested with 
those of the other segments.  At the route and fleet level, the unique quasi-liner nature of 
chemical movements is considered and its impact on toll sensitivity quantified. 

Insights regarding trends in shipbuilding and the potential use of larger vessels in the 
expanded Canal are addressed in the fleet allocation section of the model.  Increased trade 
and the use of post-Panamax ships on Canal routes will be limited by adherence to 
standard lot sizes, the efficiencies that tanker markets have developed over the years on 
established routes, and the physical constraints of the expanded Canal. 

Principal Data Sources 

A wide variety of sources were consulted in preparing the liquid bulk demand forecast 
and analysis including: United Nations International Energy Agency, World Bank, United 
States Energy Information Agency, Oil and Gas Journal, OLEDA (Latin American 
Energy Organization), ARPEL (Regional Association of Oil and Natural Gas Companies 
in Latin America and the Caribbean), Cedigaz (LNG industry association (based in 
France), Platt’s LPG newsletters, Northville Industries – a partner in the Trans Panama 
Pipeline, Chemoil – a major independent bunker and residual fuels supplier, various bank 
and financial studies, and Pennwell Publications’ Petroleum Encyclopedia.  The 
Fearnley’s report – Transportation Study on the Liquid Bulk Market Segment and the 
Panama Canal – was also consulted and the voyage costing model from the study was 
used in Mercer’s analysis of the potential for post-Panamax use of the expanded Canal. 

Methodology 

The Mercer team examined the liquids sector in a bottoms-up manner that aligns its 
forecasts from the traffic levels of the past six years (FY 1998-2003).   The process 
focused on all major commodity groups and within each, the major origin and destination 
pairs. 

The process was performed as follows: 
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 All liquid bulk movements were identified. 

 The major commodity groups were identified. 

 For each, the major origin-destination pairs were profiled. 

 All origin/destination pairs not captured as major were placed in an “all other” 
category. 

 Major trade routes were examined to determine their characteristics – as major 
supply routes that were active every year, or as volatile and intermittent arbitrage 
trades that may appear occasionally when arbitrage situations support trade. 

 The major routes for each commodity were grouped by origins and/or destinations 
so that basic patterns of demand and supply could be examined. 

 Background research covering national patterns of commodity production, supply, 
demand, and trade (imports and exports) was collected and organized to identify 
key patterns and trends. 

 Forecasting was performed with an emphasis on either the supply area (for 
example, South America’s eastbound shipments of residual fuel oil through the 
Canal) or production area (for example, crude oil from the West Coast of South 
America), based on the relative source of Canal trade in the context of supply or 
demand for the commodity. 

 Key drivers were examined to understand major uncertainties and risks. 

 A series of focused logistics models were created to understand some of the costs 
of key alternative delivery routings and the impact of Canal tolls and toll increases 
on these costs and shipper and consignee behavior. 

 Potential outcomes that could impact the Canal were identified and the elasticity 
of Canal demand was estimated, along with estimated probabilities. 

 Impacts of Canal expansion were also identified. 

The methodologies for evaluating trade included the following: 

In most cases, the volatility of tonnage moving from year to year is substantial; 
consequently, a six-year history of regional origins and destinations was used to 
understand recent trade and trends.  The starting point for forecasts was the average of FY 
2001 to FY 2003.  Future growth rates were generally set for the 2003-2010 period and 
the 2011 to 2025 period, based on evaluations of trends in demand, supply, and net 
requirements for trade in total and through the Canal. 
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Detailed analysis is provided below for the following major sub-segments: chemicals and 
petrochemicals, crude oil, distillate fuel oil, gasoline, liquefied natural gas (LNG), 
liquefied petroleum gas (LPG), and residual fuel oil. 

The trade forecast was then allocated to ship sizes to determine transits, PCUMS2, and 
toll revenue in each operating and toll scenario.  The development of ship sizes and 
utilizations was based on shipbuilding trends, commercial requirements of shippers, and 
the physical constraints of the Canal in existing and expanded scenarios.  The impact of 
any deterioration in service levels is expressed as the time charter value of total Canal 
Waters Time in excess of two days.  This cost is added to the toll cost, which in turn 
determines the share of each trade retained or lost by the Canal.  The forecast is 
summarized by commodity and route for tonnage, by ship size for transits and PCUMS, 
and by laden and ballast for toll revenue. 

2.  Chemicals and Petrochemicals 

Background 

The Panama Canal plays an important role in the movement of chemicals and 
petrochemicals (CPCs) in the global logistics network.  Each year, more than 8 million 
long tons transit the Canal, with the majority of chemicals moving westbound from the 
United States and the East Coast of South America. The major chemicals included in the 
ACP’s chemical group include sodium hydroxide (caustic soda), benzene, ethanol, 
styrene, xylene, paraxylene, methyl-ter-butyl ether (MTBE), cumene, methanol, toluene, 
ethylene glycol, ethanol, phenol, alpha olefins, acetone, and acrylonitrile. The basic 
petrochemicals include benzene, toluene, exylene, and paraxylene, which are collectively 
termed “aromatics.”  MTBE, methanol, and ethanol are primarily used as gasoline 
additives to improve the environmental characteristics of gasoline.  

The vast majority of the liquids moving through the Canal in the chemicals and 
petrochemical sectors are hydrocarbon-based.  Consequently, they are related to oil 
refining.   Two major exceptions are caustic soda and sulfuric acid, both of which are 
inorganic chemicals.    

Key Markets 

United States Imports/Exports 

The United States basic chemical and petrochemical industry is the largest in the world.  
Historically, the United States has been the largest single nation importing and exporting 
                                                 
2 PC/UMS (Panama Canal Universal Measurement System) Net ton is the net tonnage as determined in accordance with 
the Rules for the Measurement of Vessels for the Panama Canal. 
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chemicals.  However, in 2002, China surpassed it as the single largest importer.  Due to 
the scale, breadth, and efficiency of the US chemical and petrochemical industry, the US 
has played a key role in providing other nations with basic chemicals, intermediate 
chemicals, and finished merchant-grade chemicals.  In recent years however, the 
expansion of Chinese and Far Eastern refinery capacity and non-fuel production at these 
refineries has tended to reduce the ability of the US to export.  According to the American 
Chemistry Council3: 

 The profit margins of US basic chemical exports have declined from a high of 
10.9 percent in 1995 to 4.3 percent in 2002. 

 Cash flow as percent of revenue has declined from a high of 15 percent (1995) to 
6.1 percent in 2002. 

 Capacity utilization has decreased throughout the 1990s, from around 85 percent 
to about 75 percent in 2002. 

 US chemical industry activity peaked in 2000 and declined as the economy 
weakened. 

The development of overseas basic chemical capacity represents a significant threat to 
export opportunities for the US basic chemical industry that may not be reversed by a 
weaker dollar.  In 2002, the US incurred a negative balance of trade in chemistry for the 
first time in many decades.  This signaled a weakness in exports rather than a surge in 
imports.   Basic chemicals most relevant to Canal traffic remained positive at around 
US$9 billion. 

Asia Imports/Exports 

East Asian (including China and Japan) CPC activity is growing rapidly in order to meet 
the demands of increasing manufacturing and economic well-being in the region.   
Between 1997 and 2002, East Asian chemicals activity surged by 44.9 percent, while US 
activity increased by only 3.5 percent and Japan’s activity declined by about 0.8 percent 
(see footnote 3).  This means that the rates of increase in China, Korea, and Taiwan were 
even greater to offset Japan’s decline.  Furthermore, the fact that the US chemicals 
industry hardly grew during the past five years demonstrates the increasing self-
sufficiency of China and the Far East, and the ability of the Far East to augment its needs 
for basic chemicals from other sources, including the Middle East. 

As China’s manufacturing output surges ahead, so does its oil refining and ability to 
produce basic feedstocks that are the building blocks of many of the basic chemicals and 

                                                 

3 Guide to the Business of Chemistry, 2003  
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petrochemicals.  China is expanding its basic petrochemical and chemical industry in 
order to be largely self-reliant.  It has been continuously expanding its capacity, but its 
needs continue to outpace its capacity because of its manufacturing success.  China is 
currently importing large quantities of synthetic intermediate chemicals, but not basic 
chemicals.  The East-West Center of Honolulu4 has concluded that China will essentially 
be self-sufficient in producing chemicals but will rely on imported naphtha as its primary 
feedstock.  China will reduce its use of gas oil as a feedstock so that this product can be 
used as diesel fuel and heating oil.  The vast quantities of naphtha it needs will be sourced 
worldwide, but primarily from export-based naphtha refineries in the Middle East. 

This situation leaves the US and other mature economies with limited opportunities to 
export chemicals and petrochemicals to China in large quantities. China’s ethylene 
capacity is currently about 5.6 million metric tons per year. The East-West Center 
projects additional tonnage through 2015 (Exhibit D-1): 

Exhibit D-1 
China Ethylene Capacity 

 2005 2010 2015 
China Projected Ethylene Capacity 
(million metric tons) 10.3 13.6 17.3 

Source: Oil and Gas Journal (see footnote 4). 

By way of comparison, 2002 US production of ethylene was approximately 26 million 
short tons. 

Canada Exports 

Canada ships some CPCs to world markets from plants in Vancouver and the smaller port 
of Kitimat.  Kitimat ships methanol, MTBE, and ammonia (which is pressurized).  The 
Methanex plant has the ability to generate more than 24,000 tons per day of methanol and 
MTBE and 9,600 tons per day of ammonia.  The Vancouver area loads ethylene glycol 
and styrene monomer.  These export facilities must sell into the world markets, either 
south to California (which has minimal basic CPC demands), to Asia (which has 
fluctuating needs as its demand grows), or to the Atlantic basin, primarily to Europe or 
the US Gulf Coast. 

Key Traffic Routes 

Westbound Trade 

Westbound chemical and petrochemical trade (Exhibit D-2) has not shown clear evidence 
of a traffic increase trend in the five-year period since 1998.  The largest component of 
                                                 
4 Bjacek, Paul of SRI Consulting, “Special Report on Chemical Prospects,” Oil and Gas Journal, December 15, 2003. 
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the trade is shipments to Asia, followed by movements of cargo to the US West Coast.   
The US Gulf- to- Pacific trade will decline sharply in 2004, because the movement of 
MTBE will cease at year-end 2003, to be replaced by about one-quarter the volume of 
seaborne ethanol.  The trade to the West Coast of South America is not growing, in part 
because Chile’s economy is the only one with orderly growth, but Chile has the ability to 
trade with ships carrying cargoes via Cape Horn and from CPC plants in Brazil and 
Argentina.  The economies of Ecuador, Peru, and Bolivia are experiencing slow and 
unstable growth, and lack significant processing capacity to use CPCs.  Furthermore, the 
chemicals that are moving to support their limited refining operations (such as caustic 
soda and alkylates) cannot grow until and unless refinery output does. 

Exhibit D-2 
Panama Canal Westbound Chemical and Petrochemical  

Destinations – 1998-2003 
(000 long tons) 
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Source: ACP. 

The origins of the major westbound trade flows are almost exclusively from the East 
Coast US (primarily from the Gulf Coast).  The other source is East Coast South 
America, primarily Venezuela and Brazil (Exhibit D-3). 
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Exhibit D-3 
Panama Canal Westbound Chemical and Petrochemical  

Origins – 1998-2003 
(000 long tons) 
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      Source: ACP. 

Eastbound 

The East Coast of the United States is the dominant market for eastbound Canal CPC 
traffic (Exhibit D-4), followed by the West Indies.  The US serves as a large and diverse 
market for chemicals.  Shippers can balance the eastbound pattern with the westbound 
pattern to improve utilization and reduce the costs of shipping.  The significance of the 
trade is limited – the United States produces more than 100 million short tons of 
intermediate chemicals, and shipments to the US are limited to approximately 1 million 
short tons. 

The significant decline in trade in 2002 and 2003 reflected a variety of factors, including 
the effects of a slowing US economy, an accelerating Chinese economy, and a weakening 
US dollar that increased the dollar cost of imports and favored domestic production. 
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Exhibit D-4 
Panama Canal Eastbound Chemical and Petrochemical  

Destinations – 1998-2003 
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Source: ACP. 

The origins of the eastbound chemical trade provide more insight into the dynamics of the 
chemical sector (Exhibit D-5).  It is clear that the volumes of CPCs shipped from Asia 
and Oceania declined sharply, and that this trend began in 1999 as the Far East began to 
recover from its economic slump and the US economy was approaching a peak with a 
very strong dollar.  The subsequent decline that began in 2000 can be attributed to surging 
CPC demand in Asia, which favored sales within the region rather than exports out of the 
region.  As long as CPC demand in the Far East outpaces supply, it is likely that 
eastbound shipments will continue to be restrained.       



Panama Canal Market Demand Forecast Appendixes           

Mercer Management Consulting D-14

Exhibit D-5 
Panama Canal Eastbound Chemical and  

Petrochemical Origins, 1998-2003 
(000 long tons) 
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Demand Forecast 

Westbound 

The pattern of chemical shipments over the past six years suggests weakness and modest 
declines in all trade lanes except for West Coast South America.  While this trend may 
mark a long-term reduction in the chemical trade, it is likely that rapid growth in Asia and 
a weakening US economy are important drivers of this anemic trade. The westbound 
chemicals forecast is driven by four key sets of growth assumptions: 

 US domestic trade to the West Coast United States is projected to increase steadily by 
2 percent per year throughout the period, following a volatile period of decline over 
the next few years as MTBE is replaced by ethanol. Future growth is assumed to be 
tied to continued growth in the California economy, as population and activity 
increase. 

 US CPC exports to Asia are projected to increase by three percent annually to 2010, 
followed by one percent growth thereafter.   The fundamental assumption is that even 
though Asian CPC production capacity will increase dramatically, US plants will be 
able and forced to fight for some export role, by shifting toward higher value 
chemicals and increasing their focus on developing countries and regions. 

 US CPC shipments to the West Coast of South America are projected to increase by 
one percent throughout the period, driven by the continued dependence of refiners, 
mines, and basic manufacturers that are most competitively served from the US Gulf.    
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Growth is restrained by some domestic output and penetration from the Atlantic coast 
of South America, Chile and arbitrage. 

 All other chemical shipments are not projected to increase, reflecting the historic 
pattern and a general sense that arbitrage will restrain the ability of the US to find and 
grow smaller arbitrage markets. 

Eastbound 

The eastbound trade has been even more prone to declines than the westbound trade.    
Asian shipments via the canal have stagnated and no growth is forecast in the base case 
because of the presumed ability of the region to absorb virtually all additional output.  
Similarly, Oceania is expected to see a rapid decline in shipments through the Canal 
because of the potential absorption of all its output in Asia.  The West Coast of the United 
States is projected to have extremely modest growth of 0.5percent  per year as refineries 
are able to take advantage of backhaul rates for the limited volumes of additives, 
chemicals and fuels that will move from the US Gulf.  After rapid growth in the late 
1990’s and recent stagnation, the West Coast of South America is projected to grow at 
two percent declining to one percent per year, largely based on the increased output of 
organic chemicals produced at refineries, and inorganic chemicals produced from mineral 
resources. 

 

Sensitivity Analysis 

Major Uncertainties 

The ascension of China to the role of a major industrial power is well underway and is an 
underlying component of Mercer’s demand forecast.  In several sectors, including 
chemicals, there is a range of outcomes not only as to the magnitude of the effect of 
China on the trade but on the directional impact it will have.  Chemicals traffic through 
the Canal may increase significantly if insufficient domestic and regional capacity exists 
to feed China’s growing industries or traffic may be curtailed if sufficient capacity is built 
in China.  If China builds more capacity than it needs, then the westbound trade would 
decline but the eastbound trade would increase as it seeks to sell excess supply in the 
world market. The demand forecast includes alternative forecasts to test the impact of 
each scenario. 

Current mandates regarding US gasoline additive requirements are accounted for in the 
baseline forecast, in which California is phasing out MTBE which will be rep1aced by a 
smaller volume of ethanol.  The use of these products is driven by political decisions and 
modifications to US gasoline additive requirements, either with the replacement of 
ethanol or the elimination of oxygenates all together would have the general effect of 
reducing shipments through the Canal. 
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Toll Sensitivity 

Toll rates are a factor in the ability of chemical traders to structure viable arbitrage 
patterns that rely on the Canal.  Chemical tanker rates affect all traders so freight rate 
changes can be absorbed by the market.  Canal toll rates, however, affect only some 
routes, altering the competitive balance within the market.  While CPCs vary in value, 
typically between $ .10 and $ .60 per pound ($200 and $600 per short ton), the Canal tolls 
impose a transit cost of about 0.7 percent on the typical $400 per ton commodity at 
present.  In highly competitive markets in which profit margins are between 2 to 5 percent 
of sales, this means that the toll represents a sum of about $2.50 per short ton on trades in 
which the trader’s profit margin is between $8 and $20 per ton. In projecting toll 
sensitivity, high-value commodities such as these are generally considered to be relatively 
insensitive to tolls.  Limited sources of supply and storage capacity for chemicals indicate 
that margins and prices will be reduced in order to move chemicals to market, indicating 
flexibility regarding toll increases. The very narrow profit margins imply, however, that 
there is a limited range of increases that can be borne by the Canal trades before volumes 
decline.  Therefore, Mercer’s toll sensitivity projection assigns a gradual linear toll 
sensitivity that reflects a lower level of sensitivity than for petroleum products.  

The state of the chemical tanker market will affect the sensitivity of carriers and shippers 
to tolls as well.  In a weak shipping market, lower freight rates offset the impact of tolls.  
A large number of chemical tankers over 25,000 Dwt are in pendulum trades such as 
Asia-US Gulf or Asia-Europe by way of the US.  These ships will market available 
capacity to generate incremental revenue that helps cover cash costs and contribute to 
capital costs; therefore in a weak market they may absorb the effect of higher tolls.  
Conversely, in a strong market, the combination of freight rates and tolls may marginalize 
certain trades, enabling domestic or regional sources to gain a price advantage. 

3.  Crude Oil 

Background 

More than 32 million barrels of crude oil travel on inter-regional trades routes in the 
world annually and an additional 10 million barrels per day travel on shorter intra-
regional trade routes as well.  Of this global volume, less than 90,000 barrels per day has 
transited the Canal in recent years, representing less than 0.3 percent of global activity.  
Consequently, the Canal’s role in the movement of crude oil is very limited.  The recent 
re-activation of the Trans Panama Crude Oil Pipeline (PTP) in November 2003 will 
curtail the growth of Canal traffic in the future.   

In general the movement of crude oil is based on the maximization of three factors:   
maximizing the value of the mix of crude delivered to refineries to produce the most 
valuable range of petroleum products; delivering the crude oil that is optimal at the lowest 
possible cost, typically by using the largest possible crude oil tankers to maximize 
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economies of scale; and maintaining a degree of supply security through diversification of 
sources of crude oil. 

The sources that are accessible via the Canal can augment the diversity of products and 
sources for importers but the economics of transportation through the Canal are 
unattractive compared to the alternatives.  The cost of canal transits alone (laden and 
ballast), $3.76 per cargo ton5, is greater than an average rate to carry the same ton of oil 
from Venezuela to the US Gulf--$3.676.  The Canal, therefore, is likely to remain a route 
for minor crude trades that diversify and augment supply, not a conduit for fulfillment of 
core demand. 

Key Markets 

Ecuador Exports7 

Ecuador has the fourth largest discovered crude oil reserves in Latin America and is a net 
exporter of crude oil to the world.  It is the fourth largest crude oil exporter in Latin 
America, following Mexico, Venezuela, and Brazil.  Unlike most countries in the world, 
Ecuador’s crude oil reserves have not yet peaked, and consequently, it ranks among the 
very few nations in the Americas that can look forward to increasing production before its 
reserves begin to decline.   

At the beginning of 2003, Ecuador’s proven reserves were about 4.6 billion barrels, more 
than twice its reserves just one year before.  While Mexico’s proven reserves were 
drastically adjusted downward during 2002 to 12.6 billion barrels (from 26.9 billion 
barrels a year before), and Venezuela’s reserves remain at about 78 million barrels, 
Ecuador’s oil reserves are moderate but increasing.  At its current production rates of 
approximately 420k bpd, Ecuador is producing at rates that could extend for 50 years, 
without any further discoveries.  Each billion barrels discovered would increase 
production by about 10 years.  This growth potential is significant, because most of the 
world’s major producers have passed their years of peak production and are on downward 
trends that will not be reversed.  Further growth is threatened, though, by litigation 
against Chevron Texaco regarding its disposal of waste water while developing fields in 
Ecuador. 

Substantial new crude oil discoveries in Ecuador have led to construction of a second 
crude oil export pipeline to the Pacific port of Esmereldas with a total capacity of 450,000 
barrels per day (equivalent to approximately 23 million tons per year).  Ecuador will have 
the ability to export some 235k bpd of light crude via the original TransEcuadorian Oil 

                                                 
5 Mercer Integrated Demand Forecast, 2004, for a 60-70Kdwt tanker, including tolls and other marine services, utilized 
at 77 percent. 
6 Fearnley’s, Trans_cost.xls. 
7 Penwell Petroleum Encyclopedia, 2003 
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Pipeline System (SOTE)  pipeline and eventually up to 450k bpd  of heavy crude via the 
Oleoducto Crudos Pesados (OCP), which opened in November, 2003.  Of this ultimate 
combined 685k bpd, the question is how much may move to the Atlantic Basin via the 
Panama Canal. 

A portion of Ecuador’s crude oil production has traditionally been transported by the 
Flota Petrolera Ecuatoriana (Flopec) fleet of tankers, none of which are larger than 
Panamax size.  Flopec is a government-owned company whose tanker fleet is under the 
managerial control of the Ecuadorian Navy8.  It has upgraded its owned fleet to include 
two Panamax tankers and carries crude through the Canal.    Flopec’s crude shipping 
activities are regarded to be higher in cost than shipping alternatives that would utilize 
larger-than-Panamax  ships at market rates.   Mercer expects that in time, Flopec will 
provide lowest cost transportation for shippers, regardless of vessel size and/or routing.  
The vast majority of Ecuadorian crude oil is exported from the port of Balao in the 
northwest corner of the country, near Esmeraldas and relatively close to the Colombian 
border.  The port has the ability to load ships of up to 100,000 Dwt (Aframax) with drafts 
up to 15.8 meters at two buoys. 

Trans-Panama Pipeline 

In early November 2003, Latin Petroleum.com announced that the Trans-Panama Pipeline 
(PTP) would restart that month to transport a starting volume of 150k bpd of Ecuadorian 
Napo grade crude oil.9  Oil was moved through the pipeline in November though the scale 
of subsequent shipments is unclear.  This pipeline was completed in 1979 and operated 
for approximately 16 years to transport surplus Alaskan North Slope crude oil to US 
refiners in the Atlantic Basin.   Its maximum capacity is 400k bpd.  The Swiss oil trading 
company Taurus approached the PTP to arrange re-activation of the pipeline and will be 
marketing the Napo crude oil to US Gulf refiners.  Taurus will also offer to blend the 
Napo crude oil with light crude oils from Iraq at oil terminals at St. Eustatius and Cayman 
Brac in the Caribbean.   The PTP is owned by Northville Industries, Statia Terminals, 
which is controlled by Chicago Bridge and Iron, a US-based public company, and the 
Government of Panama.  At present the Pacific terminal at Puerto Armuelles has a single 
buoy capable of handling tankers of up to 320,000 Dwt, while the Atlantic terminal at has 
two buoys capable of handling tankers of up to 150,000 Dwt. 

Discussions with PTP owners and their US-based trans-Isthmus sales executives 
(Northville) have confirmed that the pipeline was designed to be reversible so that it can 
pump in both directions.  This would require the installation of pumps at the Atlantic end.   
While this might be feasible, Mercer’s assessment is that the downward trends in 
movements of crude oil will substantially eliminate the market and thus these movements 

                                                 
8 Flopec is owned and managed by the Fuerzas Armada Ecuador.  In May 2003, Flopec entered into a strategic alliance 
with Tsakos Energy Navigation, which has chartered two additional Panamaxes to Flopec.  Flopec has the exclusive 
right to import and export all crude owned by Ecopetrol, including OCP production. 
9 Interview with representative of Northville Industries, January, 2004 
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will not occur.   Interviews have also confirmed that as of May 2004, PTP is handling 
both heavy OCP crude and Oriente crudes.  PTP management believes that except for 
small, situational movements that might arise from require smaller crude oil shipments to 
less developed refinery ports (which are inherently high cost and less efficient than deep 
draft large-scale refineries) or reservation of crude cargoes for the aging Flopecl fleet, the 
PTP is capable and committed to being the low cost crude transportation option from the 
Pacific to the Atlantic basin.  Over the long term, Mercer believes that the shipping 
arrangements from Ecuador will migrate towards world class lowest cost economies and 
that will occur regardless of the flag or control of the crude logistics. 

 

 

 

Exhibit D-6 
Ecuador Crude Exports, 1998-2002 
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 Ecuador exported about 12 million metric tons of crude oil in 2002. The United 
States, Latin America, and the Far East regions represented 97 percent of the total 
volume. 

 The United States, South Korea, and Peru represent 76 percent of total crude oil 
volume, based on the last five-year average of imports from Ecuador. 

 The United States is the largest market for Ecuadorian crude oil exports and its 
crude oil imports from Ecuador have increased by 4.2 percent per year since 1998. 
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 Ecuador represented 53 percent of total West Coast United States imports of crude 
oil from Latin America (excluding Mexico).  The key driver for crude oil exports 
to US is US West Coast refinery demand in California.    

 The Far East is the fastest growing market at 10.2 percent a year for the last five 
years. South Korean refineries are the key drivers of export growth to the Far East 

 Inter-regional movements between Ecuador and Latin American countries are 
about 3.1 million metric tons per year.  Peru is the major market in Latin America, 
with 60 percent of volume on the southwest coast of Latin America (no Panama 
Canal transit). 

 Only US Gulf and the US East Coast and Caribbean deliveries have the potential 
to transit the Panama Canal. 

Key Traffic Routes 

Westbound 

Westbound crude traveling through the Panama Canal is largely from the East Coast of 
South America (Venezuela and Colombia).  A smaller volume is loaded in the West 
Indies, as locally produced Trinidadian crude or crude blends that have been stored in the 
region. 

As the Exhibit D-7 below shows, volumes have been declining steadily throughout the 
five-year period.  As of 2003, about 53,000 bpd were transiting the Canal, the equivalent 
of approximately one Panamax tanker each week. 

Declines of crude shipments have occurred in all segments, with the decline to Central 
America reflecting the weakness of the smaller refineries in the region. The decline in 
shipments to the West Coast of South America reflects the increasing production within 
Ecuador and production issues in Venezuela.  Shipments from the Atlantic basin to the 
West Coast of the United States are declining in large part because refiners are 
rationalizing their crude sourcing and selling royalty crude oils for the highest value to 
third parties rather than bear the costs of delivering them to their own refineries. 
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Exhibit D-7 
Crude Oil Westbound Shipments, 1998-2003 
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Eastbound 

The Panama Canal handles more than 5 million long tons of crude oil each year, of which 
approximately 2.3 million tons move eastbound. Eastbound tonnage has declined by more 
than 60 percent since 1998 and has been somewhat unstable during the latest six-year 
period.   The eastbound trade is composed of two elements:  1) exports from Ecuador, 
primarily to the US Gulf, as well as to the West Indies, and Central and South America, 
and 2) various sporadic and intermittent movements, typically in one to three voyages per 
year that are supported by very transitory arbitrage situations.  The trend in both elements 
has been declining, as shown in Exhibit D-8. 

Exhibit D-8 
Crude Oil Eastbound Shipments, 1998-2003 

(000 long tons) 

Commodity From To 1998 1999 2000 2001 2002 2003 Comment 

Crude Oil WCSA USEC 3,772 2,349 1,196 2,076 2,013 727   

Crude Oil WCSA ECCAN 160   26   Arbitrage 

Crude Oil WCSA ECCA 1,339 1,238 1,195 1,709 967 -   

Crude Oil WCSA ECSA 146  101 206 548 528   

Crude Oil WCSA WINDIES 671 463 106 185 644 832   

Crude Oil WCSA EUROPE      34 Arbitrage 

Crude Oil WCSA AFRICA    51   Arbitrage 

Crude Oil WCCAN ECUS 493 52   50 145 Arbitrage 

Crude Oil ASIA ECUS 34  75 34 41  Arbitrage 
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Crude Oil Other Other 77 203 116 111 2 69 Arbitrage 

Total     6,692 4,305 2,789 4,398 4,265 2,335   

  
Arbitrage 
and Other 

  764 255 191 222 93 248   

  WCSA All Dest. 5,928 4,050 2,598 4,176 4,172 2,087 non Arbitrage

  
Pct 
Arbitrage 

  11% 6% 7% 5% 2% 11%   

Source: ACP, Mercer analysis. 

Demand Forecast 

Westbound 

The decline in westbound traffic is predicted to continue at -9 percent annually through 
2010 and at -3 percent thereafter in the base case, primarily due to increased crude 
availability in the Pacific basin from Ecuador’s increased production and fewer shipments 
of cargoes to same-company refineries on the US West Coast.  Greater than expected 
production increases in Ecuador would have the effect of further reducing the westbound 
trade.  If the PTP were to open to westbound shipments, the forecasted Canal flows 
decrease by an additional 50 percent.  These contingencies are accounted for in 
alternative scenarios and in the Monte Carlo simulation. 

 

 Eastbound 

Increased Ecuadorian production is expected to flow mostly to the Atlantic basin through 
the reopened pipeline, with eastbound shipments growing at 9.4 percent compared to 3.7 
percent for total exports.  The net effect on the Canal will be a loss of market share but a 
cumulative 2 percent annual increase over the forecast period.  Alternative scenarios 
consider potential gains by the Canal if Ecuador’s crude production grows faster than 
expected and the small likelihood that the pipeline will cease eastbound operations.   

Sensitivity Analysis 

Major Uncertainties 

As both Ecuador’s addition of infrastructure for crude exports and the reopening of the 
Trans Panama Pipeline occurred within six months before completion of this forecast, 
there has been no opportunity to analyze their effect on the market.  Logically, additional 
Ecuadorian crude production would have the effect of dampening demand for crude oil 
transits through the Canal to the Pacific basin and the pipeline will take eastbound share 
from the Canal.  Because not all of Ecuador’s eastbound exports are projected to move 
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through the pipeline, the forecast assumes that increased Ecuadorian production will yield 
proportional increases in Canal flows but this correlation is uncertain.   

If Ecuador’s production and eastbound exports do not increase substantially, the Canal 
and pipeline will compete for the existing volume.  However, if the Trans Panama 
Pipeline is closed due to reduced volumes and worsening economics of the pipeline, the 
Canal would gain the remaining eastbound tonnage. 

It is unknown at what potential volumes the Trans Panama Pipeline would be upgraded to 
operate in the westbound direction; if it occurred it would have the effect of reducing 
demand for westbound crude oil movements through the Canal. 

Toll Sensitivities 

It is possible that the majority of eastbound crude oil from Ecuador will be captured by 
the PTP, leaving little for the Canal; higher Canal tolls would increase the percentage of 
tonnage captured by the PTP. 

 It is also possible that westbound crude oil can be similarly dispatched from a technical 
standpoint, although the limited volumes of crude will likely not justify the marginal 
investment in westbound pumping infrastructure. 

An analysis of relative transit costs (Exhibit D-9) suggests that Ecuador incurs logistics 
costs of between $ 8 and $ 9 per ton to ship crude to Taiwan.  The current cost to ship 
crude oil to the US Gulf via the Canal in Panamax ships with 55,000 ton cargoes is 
approximately     $ 10 per ton.  The cost to move crude via the PTP is estimated to be 
slightly lower at present toll levels. Any toll increase will divert eastbound crude oil away 
from the Canal. 

Exhibit D-9 
Ecuadorian Crude Oil to Taiwan and US Gulf (via Canal and PTP) 

(At current tolls and a 100% increase in tolls) 
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Source: Mercer analysis. 
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4.  Distillate Fuel Oil 

Background  

Distillate fuel oil is a clean petroleum product that is primarily produced as diesel fuel for 
diesel engines installed in trucks and automobiles, off-road vehicles, various smaller 
commercial and private vessels, small generators, railroad locomotives, and other 
industrial and commercial applications.  In some colder parts of the world, distillate fuel 
is also produced as home heating oil for use in furnaces. The vast majority of distillate 
moving through the Panama Canal is diesel fuel.     

Although various grades and types of diesel fuel are manufactured worldwide, the 
commodity is quite fungible by traders. Increasing requirements for the use of low sulfur 
diesel fuel in the United States and Europe is challenging some refineries to upgrade their 
production plants to extract sulfur. 

Diesel fuel is a very common product of virtually all refineries, no matter how old or 
unsophisticated they may be. Consequently, refineries in the developing and less 
developed world will tend to be able to produce the product for local needs, with any 
excess being exported. 

Key Traffic Routes 

Westbound Traffic 

Diesel traffic has been in a slow and steady decline for the past six years (Exhibits D-10, 
D-11).  The trade has been consistently dominated by the needs of the West Coasts of 
South and Central America, which have net requirements for diesel fuel despite the 
presence of Pacific coast refining in Mexico, Ecuador, Peru, and Chile.  The decline in 
Canal traffic is due in large part to the ability of these refineries to better meet demand in 
the region. Movements of diesel fuel to Balboa are very modest and related to a 
combination of marine fuel and local vehicle requirements. Movements to the US West 
Coast are very limited and created by arbitrage trading opportunities, sometimes due to 
short-term disruptions of Californian refineries from fires or explosions.  Other trade 
includes some arbitrage cargoes to the West Coasts of Central and South America. Other 
trades are also declining and no major long-distance patterns of diesel trading to Asia or 
Oceania have been established.  A substantial portion of “all other” represents sporadic 
arbitrage trades that appear only when price spreads permit. For example, surplus diesel 
has moved from the East Coast of Canada to Pacific markets in some years and not in 
others. 

The diesel traffic situation is straightforward and logical:  Pacific coast demand is being 
met by local Pacific basin sources and not by movements of diesel from the Atlantic 
basin. 
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The overall volume of traffic is small by international standards.  In FY 2003, the trade 
amounted to about 37,000 bpd or roughly one 35,000 Dwt tanker per week.  This volume 
of traffic poses challenges for receivers because deliveries to the various markets (West 
Coast Central America, West Coast South America, Balboa, US West Coast) are 
relatively infrequent, adding to storage requirements and inventory stock-out issues. 

Exhibit D-10 
Diesel Fuel Westbound Destinations, 1998-2003 
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Source: ACP. 

The origins of the diesel fuel that moves westbound include the EC United States, the 
West Indies and the East Coast of South America (largely Venezuela and Colombia).   
The US has been a variable producer – it is further from the Canal and the markets.  The 
shares of the West Indies and East Coast South American have both been declining. 
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Exhibit D-11 
Diesel Fuel Westbound Origins, 1998-2003 

 (000 long tons) 

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

1998 1999 2000 2001 2002 2003

All Other

ECSA

WINDIES

ECUS

 
   Source: ACP. 

Eastbound Traffic 

Eastbound diesel fuel traffic is negligible – less than 325,000 tons per year in each of the 
past six fiscal years and was treated in the analysis as an “all other” cargo. 

Demand Forecast 

Westbound 

Westbound trade is likely to continue to decline. A small future increase in South 
American refinery capacity, or a more aggressive export posture by Pemex’s Salina Cruz 
refinery on the Pacific Coast, could easily meet growth demands. Consequently, the 
baseline outlook is for a continued decline in traffic. 

In the event that an expanded Canal is built, it is reasonable to assume that for a period of 
a decade a very large increase in diesel fuel needs would occur in Panama, where 
thousands of trucks and off road vehicles would be engaged in expansion work. This case 
is addressed in the expanded Canal scenario. 

Eastbound 

Eastbound traffic was forecast in aggregate.  Highly cyclical, the rolling trend between 
the three years 1998-2000 and 2001-2003 saw some statistical increase, however the trade 
is very small (less than 3,000 barrels per day) and highly sensitive to Panama’s needs in 
the wake of the opening of its petroleum market.  Logically, diesel should remain in the 
Pacific basin. Thus, no growth was forecast. 
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Sensitivity Analysis 

Major Uncertainties 

Refiners on the West Coast of Latin America, particularly in Mexico and Ecuador, can 
potentially increase production substantially and increase exports which would all but 
eliminate the westbound diesel trade but would increase eastbound trade somewhat.  
Although the potential exists, it is unclear when or if the oil industries in these countries 
will orient themselves for product exports. 

Trans Central American Highway infrastructure – improved roads would reduce demand 
for distillate movements to these regions through the Canal.  Given that virtually all car, 
truck, off-road, and industrial diesel is delivered to the point of use by truck, only the 
slightly greater distances involved with movement into or across the Isthmus would be 
incurred. These are small relative to the Canal transit and shipping costs that are involved 
with direct marine delivery to the Pacific from the Atlantic basin. 

Toll Sensitivity 

Increases in transportation costs – tanker freight or tolls – will tend to hamper the ability 
of traders to make arbitrage deals. While there is no distinct number that will shut off 
trade altogether, the historical trend clearly shows that Pacific diesel is staying in the 
Pacific. Higher tolls will help refiners justify slight improvements in reliability and 
increases in capacity to meet slowly expanding demand.  The ability of the Canal to retain 
diesel volume will be constrained by the economics of trucking 50-100 miles overland to 
the center and west coast cities of Central America.  This situation is reflected in a 
moderate degree of toll sensitivity. 

5.  Gasoline 

Background 

A universal and highly fungible product, gasoline is traded throughout the world as the 
primary auto fuel in much of the developed world and a rival to diesel fuel for light trucks 
and commercial vehicles as well as many smaller boats and yachts.  Gasoline is produced 
in various grades of octane, a measure of the energy it contains, and in leaded and 
unleaded varieties.  At the present time, most of the world is migrating toward unleaded 
gasoline, following the lead of Europe, Japan, and the United States.  Aviation gas is an 
example of a leaded and very high octane gasoline designed to provide maximum power.  
In recent years, gasolines have been blended with oxygenate chemicals that enhance fuel 
efficiency and offset the elimination of lead for the production of power. These 
reformulated gasolines represent additional grades and types of gasoline for the United 
States and European markets. 
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In developing countries, diesel fuel is the leading transportation fuel because commercial 
trucks are more prevalent and diesel cars are favored to take advantage of lower fuel 
prices and better fuel economy. When and as prosperity reaches urban and suburban 
areas, demand for gasoline begins to soar. 

Key Traffic Routes 

Westbound 

The Canal handles approximately 2.5 million tons of westbound gasoline (Exhibit D-12), 
almost all of which moves to three locations:  West Coast United States, West Coast 
South America, and West Coast Central America. The total movement amounts to less 
than 70,000 barrels per day, which is less than 6 percent of South and Central American 
gasoline demand and less than 0.6 percent of total Americas gasoline demand.  These 
historical movements are being slightly augmented by some gasoline deliveries to the 
Pacific ports of Panama following the closure of the PanRef refinery on Panama’s 
Atlantic coast in 2002, and the opening of the gasoline market to open imports and 
competition.   

Panamanian gasoline consumption is approximately 9,500 bpd, of which approximately 
half may ultimately pass through the Canal to Pacific coast terminals.  The balance can be 
shipped from Pacific sources or delivered to terminals on the Atlantic side.  During FY 
2003, Balboa appears to have received westbound gasoline at the rate of 5,700 barrels per 
day. 

Approximately 17 percent of westbound gasoline movements are between regions that do 
not consistently have traffic in most years and can be considered spot arbitrage trades, 
created by momentary opportunities to combine price spreads and shipping costs to 
generate profits. 
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Exhibit D-12 
Gasoline Westbound, 1998-2003  
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Source: ACP. 

The trade from the US Gulf Coast to the West Coast United States is somewhat volatile 
because it is primarily a reaction to serious shortages in gasoline supply, usually triggered 
by refinery operating problems such as fires or explosions.  Moving gasoline to the West 
Coast United States from the US Gulf is very expensive due to the requirement to use US-
flagged and crewed tankers, which have much higher time-charter costs.  Consequently, 
this trade is not expected to expand. Not only can California rely on imported gasoline 
from the Middle East to meet any long term and predicted needs, but future 
improvements in the quality, reliability, and output of Pacific coast refineries (at Salina 
Cruz, Mexico or Ecuador, for example) can provide additional surge capacity that is 
closer to California. 

The trade to West Coast Central America has been larger than flows to West Coast South 
America, driven by the smaller scale of Central American refineries (in Escuintla, 
Guatemala, San Salvador, Honduras, and Managua).  All of these refineries are less than 
25,000 bpd capacity, and several have been shut down.  Because all three countries have 
the majority of their populations on the Pacific side, delivery of some gasoline by tanker 
to the Pacific is viable.  As Canal tolls increased in recent years, it appears that deliveries 
declined by about one-third.  Unlike LPG, the much larger volumes of gasoline make 
trucking from the Atlantic coast less viable. However, highway delivery is a real threat to 
Central American reliance on the Canal – the truck time spent loading and discharging is 
common to Pacific and Atlantic facilities – only the 50-100 miles of travel, perhaps 2-4 
hours of additional truck time – is incremental cost. 

The trade to the West Coast South America has been more limited than the Central 
American trade.  This region needs gasoline because of fuel quality problems, 
seasonality, and unreliable production.   Ecuador is importing and exporting gasoline, as 
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is Peru.  Bolivia is essentially self-reliant, while Chile is importing and exporting volumes 
equivalent to about 15 percent of its demand.  Total imports to the region have declined. 

The refineries in Ecuador and Peru are somewhat larger and more competitive with the 
largest, the Esmeralda plant in northwest Ecuador, closest to Central America and the 
Panama Canal.  Smaller refineries are down the coast and are more focused on domestic 
Ecuadorian and Peruvian needs.  Two-way tanker traffic is possible. 

Eastbound 

Although some 2.5 million tons of gasoline pass westbound through the Canal (Exhibit 
D-13), an additional 1.5 million tons pass eastbound to the Atlantic basin, primarily to the 
US Gulf and East coasts. The volume of traffic has been increasing steadily and has been 
led by increased volumes from Asia and from other smaller trades that are spot arbitrage. 
Less than one-third of this trade is from West Coast South America, suggesting that more 
of this output is being focused in the Pacific, including to Central America and the newly 
opened Panamanian market, with Pacific side demand in the Panama/Balboa area.  The 
volumes of gasoline carried from the West Coast United States to the US Gulf are also 
sharply down, a consequence of tight supply in California and the need for gasoline in the 
region.   No substantial volumes are exported from Central America – the refineries are 
too small and few are operating. 

Exhibit D-13 
Gasoline Eastbound, 1998-2003 
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Trade was based on a review of destinations, because these locations tend to represent 
important physical requirements that can be supplied from the vast refining capacity of 
the US Gulf Coast, the Caribbean, and the East Coast of South America (largely 
Venezuela).  Ample capacity exists to meet the modest demands of these destinations for 
the foreseeable future.  In the longer run, tonnage should be moderated if and when 
Pacific refineries in Mexico, Ecuador, and Peru improve their performance and reliability 
to meet these demands.  When this occurs, westbound traffic will be restrained. 

Eastbound 

Trade was based on a review of sources, because the key issue is the surplus from these 
regions that is moving out of the West Coast United States and West Coast South 
America, rather than the very large gasoline requirements of the US Atlantic and Gulf 
coasts. Ample demand exists to accommodate supplies, and the trade will continue to 
grow through the forecast period. 

Sensitivity Analysis 

Major Uncertainties 

As with diesel, increased Pacific side refinery gasoline production from Ecuador or 
Mexico, would tend to reduce westbound Canal traffic.  Trans Central American 
Highway infrastructure – improved roads would reduce demand for gasoline movements 
to these regions through the Canal.  Given that virtually all gasoline is delivered to the 
point of use by truck, only the slightly greater distances involved with movement into or 
across the Isthmus would be incurred.  These are small relative to the Canal transit and 
shipping costs that are involved with direct marine delivery to the Pacific from the 
Atlantic basin. 

Increased Pacific side refinery gasoline production, most likely from Ecuador or Mexico, 
would tend to increase eastbound Canal traffic somewhat, due to increased supplies on 
the Pacific side. 

Toll Sensitivity 

Westbound, higher tolls encourage traders to sell gasoline in the Atlantic basin and avoid 
Canal transit costs.  Over time, as the infrastructure in these nations improves, trucking 
will be even more efficient and better able to deliver bulk gasoline to urban areas.  
Consequently, the sensitivity of traffic to tolls will also likely increase as trans-Isthmus 
infrastructure in other countries develops.  Eastbound, higher tolls will encourage Pacific-
side refiners to market their products in the Pacific basin, primarily to Central America.  
Overall, tolls will serve to rationalize the bidirectional nature of the trade. 
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6.  Liquefied Natural Gas (LNG) 

Background 

While hydrocarbon-based petroleum fuels have provided the world with the vast majority 
of motive fuel heating and marine boiler fuel for more than 100 years, the world is rapidly 
developing its substantial natural gas reserves to provide hydrogen-based fuels that can 
serve as an alternative to petroleum and coal for many uses. The movement of natural gas 
through national and international pipeline infrastructures is widely developed, but the 
demand for natural gas now requires that gas be moved relatively longer distances to 
nations and regions that have shortages. While in some cases, long-distance gas pipelines 
can be developed, the most common approach is to liquefy the natural gas under extreme 
refrigeration and pressure so that it is much denser. At the present time, more than 25 
countries are developing their natural gas resources with an LNG component, and the 
expectation is that between 2003 and 2012 the demand for LNG shipping may increase 
from approximately 150 million tons to as much as 450 million tons per year.10  This gas 
will be imported to nations large and small, including but not limited to the United States, 
most western EU nations, Brazil, China, Japan, Korea, India, and Taiwan.    

Due to the capital intensity of LNG production (involving conversion of gas to a liquid 
state) and LNG gasification (involving the conversion of LNG back into natural gas), 
historical projects closely linked production with consumption and shipping, usually on a 
very long term 15-30 year basis.  As the number of gas production and consumption 
points have increased, this project focus has been replaced by a more fragmented market 
structure that typically ties production to a variety of consumers.   However, due to the 
very high costs of liquefaction, gasification, and LNG transportation, an emphasis on 
minimizing overall delivered costs continues to favor shorter trade routes.   Thus, the 
United States importers on the Atlantic seaboard (most consistently led by the Boston 
facility) have shifted their sourcing from Algeria to Trinidad, while Algerian gas has been 
substantially re-directed to southern Europe and Turkey. 

Key LNG Conversion Factors 

The compression of natural gas in LNG form is very substantial.  One cubic meter of 
LNG is equivalent to 45.27 million cubic feet of natural gas and approximately 44.16 
million btus of heating value.  Consequently a 140,000 m3 ship can transport the 
equivalent of 6.34 trillion cubic feet (tcf) of natural gas.  One metric ton of LNG is 
equivalent to 18.9 million cubic feet of natural gas and 2.38 cubic meters. 

Canal Impacts 

                                                 
10 Forecast published by Pennwell Publishing Oil and Gas Journal, based on studies by Cedigaz (Paris) and Zeus 
Development Corporation, October 2003. 
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At present, virtually all LNG ships are too large to transit the existing Canal.  The beams 
of the typical 140,000 LNG ship are approximately 150 feet in the 140,000 m3 size.  The 
size of future ships will increase to more than 200,000m3, suggesting that even wider 
beams and lengths may result. 

Key Markets/Traffic Routes 

Potential LNG Production 

According to data compiled by Pennwell Publications, the following production projects 
are in service and/or planned within 2,000 miles of the Panama Canal: 

In service: 

Atlantic Basin:  Trinidad – Atlantic LNG – Point Fortin 1999 and 2003 starts – 9.9mm 
tpy (23.6mm m3/168 shiploads) 
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Planned/under construction: 

Atlantic Basin Pacific Basin 

 Trinidad – Atlantic LNG – Point Fortin 
2006 start – 5.2mm tpy (12.4mm m3/89 
shiploads) 

 Trinidad – Atlantic LNG – Point Fortin 
2008 start – 5.2mm tpy (12.4mm m3/89 
shiploads) 

 Venezuela – Deltana – Mariscal Sucre – 
2008 Start-Up 9.4mm tpy – PDVSA 
(Venezuela), Shell (UK), Mitsubishi (Japan) 
(22.4mm m3/160 shiploads) 

 Brazil – Green LNG – 2007 start 5.0mm tpy 
– Petrobras (Brazil) (11.9mmm3/85 
shiploads) 

 Peru – Camisea – 2007 start 
4.5mm tpy – Hunt Oil, SK Energy 
(10.7mm m3/77shiploads) 

 Bolivia – Pacific LNG – 2008 start 
5.5mm tpy – Repsol (Spain), BP 
(UK), BG (UK) (13.1mm m3/94 
shiploads) 

 

 

Atlantic More Distant Pacific More Distant 

 Nigeria – one new project at Bonny 
Island (2008), one at Escravos (2008), 
one at Brass River (2008) 10mm tpy 
one floating  facility (2006) for a total 
of 32.5 mm tpy 

 Equatorial Guinea – one facility (2007) 
start 3.4mm tpy 

 Angola – one facility (2007) start 4mm 
tpy 

 Yukon, Alaska – 2008 start 14mm tpy, 
likely to be directed to the Far East and 
not to the United States 

 Sakahlin II, Pacific Russia – 2007 start 
9.6mm tpy, likely to be directed to 
Japan 

 Various projects on the western shore 
of Australia – likely directed to the Far 
East 

The total of the above suggests that by 2010, it is possible that the Americas will have 
additional LNG production of 83 billion cubic meters (bcf)/year and that this will require 
the loading of some 594 ships.  This total potential production will represent a total of 
some 3,800 tcf of gas. According to DVB’s October projections, the Americas will have 
the following demand for gas in 2012: 

Country Demand for 
LNG in 2012 

USA 85 bcm 
Mexico 62 bcm 
Dominican Republic 4.2 bcm 
Total 151 bcm 
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It appears that demand will outpace currently identified supply by a factor of two and that 
either new sources must be developed within the hemisphere or LNG will have to be 
shipped from points further from North America. 

If it is assumed that one-third of US demand and one-half of Mexican demand will be on 
the Pacific coasts; demand of approximately 59 bcm will originate on the Pacific coast. 
The combined Bolivian and Peruvian projects may generate 20.1 bcm as initially planned.  
Thus, without further expansion, it will be necessary for the Pacific to import gas from 
further abroad.  Given the demand for as much as 120 bcm on the Atlantic side, it is 
unlikely that a substantial portion of the production in Trinidad or Venezuela will be 
shipped through the Canal to the Pacific, because its greatest value will be to compete 
with Nigerian and North Sea gas, using its proximity to the markets to maximum 
advantage. 

Points of LNG Importation 

A great many facilities have been proposed, but only a fraction of them will be built. 

In service: 

Atlantic Basin 

 USA – Everett/Boston, MA – Tractabel – 0.435 bcfd 
 USA – Cove Point, MD – Dominion – 0.75 bcfd 
 USA – Elba Island, GA – El Paso Natural Gas – 0.445 bcfd 
 USA – Lake Charles, LA – Southern Union/British Gas – 0.63 bcfd 
 USA – Penuelas/Guaymas, Puerto Rico – EcoElectrica – 0.194 bcfd – 2000 start 
 Dominican Republic – Andres – 0.5 bcfd – 2003 start 

Proposed and in planning: 

Atlantic Basin Pacific Basin 

 One additional site on the US Atlantic coast 
 Ten-plus additional sites on the US Gulf 

coast (as of May 2004 three are approved, 
one had been cancelled) 

 Three sites in the Bahamas for onward 
pipelines to Florida and the US Southeast 

 Two sites in Brazil – with potential starts in 
2004 and 2005 

 One site in Honduras – Puerto Cortes with 
potential start in 2004 

 One site on the Mexican Atlantic coast 
(Altimira) with potential start in 2006 

 Four sites on the US Pacific Coast 
(several in various stages of 
approval, as of May 2004 two 
have been cancelled) 

 Seven sites on the Mexican 
Pacific Coast (several in various 
stages of approval) 
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LNG Spot Market 

It is likely that the spot market for LNG movements will continue to expand from its very 
small base.  During the first 30 years of LNG shipping, very few spot voyages were made 
because all ships were closely tied to specific requirements between a very small number 
of liquefaction sites and a very small number of gasification receiving terminals.  During 
the late 1990’s, a handful of spot voyages were made, often by ships that were newly 
delivered, between time charters, or at the ends of major contracts.  In 2002, some 218 
spot voyages were made, out of a total of approximately 3,300.11  As the fleet expands, a 
small percentage of LNG production and ship capacity will continue to create a basis for 
additional spot movements.  More importantly, a larger market will encourage ships to 
serve multiple customers and create patterns with fewer empty miles. 

Demand Forecast 

Due to the large beams of LNG vessels and the fact that very few LNG tankers are 
Panamax, no LNG is forecast to move through the Canal unless it is expanded.  If 
expanded, the Canal may be capable of supporting LNG transits in standards size ships of 
about 125-140,000 m3 but, with no historical trade or planned supply agreements based 
on an expanded Canal, it is unclear what volumes may be attracted to the Canal.   

Mercer built a model of LNG shipping and applied it to various major trade routes on the 
US Pacific and Gulf coasts in order to understand the relative shipping costs (Exhibit D-
14).  While the contracts that govern LNG supplies will be extremely complex, it can be 
seen that cargo from South America would naturally flow to the same side of the US and 
that there is no advantage to transiting the Canal.  

                                                 
11 Source:  DNV Bank, presentation by Captain Saleem Alavi, October 16th, 2003 “LNG Opportunities in America.”. 
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Exhibit D-14 
LNG Shipping Costs per Ton 
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Source: Mercer analysis. 

However, as the numbers of buyers and sellers of LNG increase it is likely that some 
consignees will seek diversification of supply, that there are situations where equity 
interests in a source of supply argue for actual physical delivery of a fungible commodity 
to the equity owner, and that opportunities for arbitrage from one basin to the other will 
arise.  An example of this would be a sudden shortage that creates a sharp increase in gas 
prices and permits higher-cost LNG into a market that would otherwise not be available 
to a source. 

For these reasons, Mercer has assumed that some LNG will move in both directions 
through the Canal in the future in the expansion case. The baseline assumption is that 
Canal LNG tonnage as a percent of Latin American production will be the same as for 
crude oil, where only about 1.5 percent of the crude oil produced within Latin America 
moves through the Canal, approximately 750,000 tons in thirteen transits per year.  
Sensitivities around this volume were tested. 
 
The creation of an overland pipeline option for LNG is not considered viable due to the 
cryogenic characteristics of the cargo. 

Sensitivity Analysis 

Major Uncertainties 

It is not an exaggeration to say that, with six established import facilities and 35 import 
and export facilities proposed or planned in the region, the entire structure of the future 
LNG market in the Americas is uncertain.  With major safety and security concerns 
surrounding LNG, it is also uncertain that the Canal, shippers, and carriers will be 
interested in the transport of this product through the Canal.  The volume projected in the 
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base case is small and should not have a major impact on the Canal’s planning; both 
eastbound and westbound flows were subjected to the sensitivity that more trading of gas 
will occur and greater volumes through the Canal are considered in the alternative 
scenarios. 

Toll Sensitivity 

The LNG forecast is for an expanded Canal scenario only and assumes some level of toll 
increases.  Furthermore, the forecast is not predicated on the Canal route having a cost 
advantage over alternative routes and sources.  As mentioned, the drivers of the trade will 
be diversification of supply and arbitrage opportunities, which cannot be readily assessed 
prior to completion of the LNG projects and establishment of a trade history.  
Nevertheless, Mercer expects that like other power plant fuels produced on both sides of 
the Canal, toll increases will reduce arbitrage opportunities and increase the cost of 
maintaining diverse sources of supply until at some point the trade is eliminated. 

7.  Liquefied Petroleum Gas (LPG) 

Background 

Liquefied petroleum gas (LPG) can be produced from both wellhead crude oil gas plants 
and condensate processing and from the refining process. The primary types of LPG are 
propane and butane. LPG is differentiated from liquefied natural gas (LNG) by its ability 
to be more easily converted from gas to liquid under moderate pressure and/or 
refrigeration. LPG is relatively easily transported and provides a very high amount of 
heating value per unit of volume, relative to other liquid fuels.  LPG is usually stored in 
canisters that range in size from less than a kilogram to many thousands of kilograms.  

LPG provides heat and energy for a variety of uses including cooking, heating water and  
homes, and light commercial and industrial uses, such as heating metals, brazing and 
soldering metals, operating ovens and kilns, and warming crops and flowers. In the 
developing world, LPG provides urban dwellers with a relatively safe and convenient 
source of heat, frequently when nearby wood, straw and animal dung supplies have been 
depleted.  In highly urban settings, LPG can be used by cars, buses and trucks to provide 
a source of clean-burning energy. Within industry, LPG is also used as a feedstock for the 
production of basic petrochemicals.  

LPG is transported in LPG tankers which are fitted with pressurized tanks that can 
contain cargoes under pressure.  Larger LPG tankers are generally equipped with 
refrigeration to recompress the LPG that “boils off” during the transit. 
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Key Markets 

Demand for LPG is growing rapidly throughout the world. Total global consumption is 
approximately 206 million metric tons per year, of which 124 million tons was produced 
in gas plants and the balance in refineries. Global LPG consumption is expected to 
increase to 265 million by 2010, an increase of 70 million tons from 2000, equal to 3.1 
percent per year. The areas that will see the largest future growth are expected to be the 
Middle East, Latin America, and Africa.  

The major producing regions are North America, the Middle East, Africa, and Latin 
America.  Major exporters include Algeria and Saudi Arabia.   In the Americas, the 
United States, Venezuela, Brazil, Chile, Ecuador, Colombia, and Peru are also producers. 

Output is projected to increase in every region of the world except Eastern Europe at an 
overall rate of between 2.5 and 3 percent per year. Latin America’s growth in LPG 
demand increased by 3.8 percent per year between 1999 and 2002. 

Key Traffic Routes 

Westbound 

Canal westbound traffic consists of three major components (Exhibit D-15):  movements 
to West Coast Central America, to West Coast South America, and to Asia.   Of these, the 
movements to West Coast South America and Asia have been relatively stable and 
growing, while the movements to the West Coast of Central America have been more 
unstable and have not increased in total due to the sharp reduction of LPG shipments to 
the Pacific coast of Mexico in recent years.   Net of the declines in shipments of LPG to 
Mexico’s Pacific coast, the westbound trade to Central America has been growing 
strongly as cities seek the benefits of LPG for various heating uses.  Annual growth in the 
trade is between 25,000 and 50,000 tons per year, and growth in demand for LPG in 
Central America should continue for years to come. 
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Exhibit D-15 
LPG Westbound Destinations, 1998-2003 
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The primary sources of LPG moving westbound (Exhibit D-16) are the US Gulf coast and 
East Coast South America (Venezuela and some Colombia) with minimal shipments from 
the West Indies (Trinidad/Tobago).  Some arbitrage cargoes from Europe, Africa, and the 
Middle East also move through the Canal. 

Exhibit D-16 
LPG Westbound Origins, 1998-2003 
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The demand for LPG from West Coast South America amounts to approximately 85,000 
bpd (about 2.6 million long tons per year).  Slightly more than half of this gas is produced 
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in the region; the balance must be imported, about 37,000 bpd (1.1 million long tons per 
year).  In 2003, shipments to West Coast South America through the Canal amounted to 
approximately 0.7 million tons, leaving about 0.4 million to be moved from other sources, 
primarily Chile.  The Canal trade is destined primarily for the northern West Coast South 
America countries: Bolivia, Peru, and Ecuador. 

Eastbound 

Eastbound LPG movements are very minimal and there is no basis to project any growth 
in the future. 

Demand Forecast 

Westbound 

The westbound LPG traffic forecast is based on the needs of West Coast South America, 
which has emerged as the leading and most secure major local market for LPG moving in 
this direction to the Americas.  Continued growth of this market is expected.   West Coast 
Central America is expected to continue to grow in the near term, but an eventual 
reduction in the strong historical rates of growth (net of declines in the Mexican 
movements) is expected.   This decline in growth may also reflect a shift towards imports 
via the Atlantic coast.  This would be due in large part to the ability of distributors to 
truck or pipeline LPG across the Central American isthmus to major cities that are in 
central or Pacific locations.   This is described more fully below. 

Eastbound 

The eastbound movements are so limited that the data is continued at an historical 
average. 

Sensitivity Analysis 

Major Uncertainties 

For westbound flows, the major uncertainties are centered on the rates of economic 
growth for West Coast South America.  Due to the relatively small portion of global and 
regional demand that is represented by this region, it is reasonable to believe that the 
demand will be met by a combination of sources, including Venezuela, Colombia, 
Trinidad and Tobago, the United States, and Argentina.  In the future, improvements and 
expansions of Mexican, Ecuadorian and Peruvian refineries may permit conversion of 
some flared gas into LPG.  This would increase local supply and potentially reduce the 
demand for imports.  

For Trans Central American Highway infrastructure, the same principles apply to LPG as 
apply to gasoline and distillate – a short trucking distance is all that stands between the 
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current patterns of LPG delivery to the Pacific side of Central America and trucking from 
the Atlantic side. 

For eastbound LPG, increased Pacific side production would tend to substantially 
increase shipments, as any surplus would be disposed of in the Atlantic basin. 

Another major uncertainty will be the potential for the introduction of locally-produced 
natural gas into the region. This would require economic and political stability because 
natural gas must be piped as a gas through a pipeline infrastructure that must be secure 
and financed through a predictable flow of revenues. The likely impact of natural gas in 
the region is seen as being limited. 

Toll Sensitivity 

Westbound sensitivity to tolls to South America is less than the sensitivity of tolls to 
Central America due to the existence of an overland option in Central America. The 
major cities on Central America’s West Coast (San Salvador, El Salvador, Guatemala 
City, Guatemala, Tegucigalapa, Honduras, Managua, and San Jose) can all be served by 
shipments to the Atlantic with onward trucking.  At current tolls, the savings in seaborne 
delivery to the West Coast are approximately $4/ton, depending on the destination, the 
size of ship employed, and variation in trucking costs.  In any case, the advantage via the 
Canal is small and toll increases will lead to incremental use of the overland option and 
loss of volume for the Canal. 

Variation in the sensitivity by specific route is due to the use of smaller LPG ships in 
some trades that make long-haul delivery via the Canal even less competitive.  Also, 
destinations further north from Balboa should be more sensitive due to the greater 
distance from the alternative discharge point in the Atlantic basin.     

The West Coast of South America is less sensitive and has fewer delivery options.  
Consequently, this volume is more secure in the face of toll increases, within the current 
and projected patterns of supply. 

A Mercer review of a comprehensive survey of LPG prices worldwide by the US Energy 
Information Agency in early 2001 indicated that LPG prices varied widely throughout 
Latin America.   As of that survey, prices in Nicaragua were $ 1.10 per gallon, Guatemala 
were $ 1.41 per gallon, in Panama $ 1.32 per gallon and $ 1.45 per gallon in Peru, while 
prices in Colombia were $ .39 per gallon and in Ecuador $ .14 per gallon.   Although 
prices may have fluctuated and some prices may be subsidized, the sensitivity of demand 
to delivered price and the need for consumers to have access to low cost LPG is expected 
to heighten competition throughout the supply chain, including sourcing, shipping, 
terminalling and bottling, and overland distribution.  
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Exhibit D-17 
LPG to East and West Coasts of Costa Rica 
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         Source: Mercer analysis. 

8.  Residual Fuel Oil 

Background 

Residual fuel oil (RFO) is the primary oil refining byproduct, a heavy highly viscous fuel 
that is high in energy per unit of weight but difficult and risky to handle.  Because RFO is 
a byproduct, it tends to contain most of the contaminants of the raw petroleum as well as 
the oil refining process, including metals, sulfur, water, asphaltenes, and tar.  It is used in 
three principal ways:  1) as a boiler fuel for electric power generation at fossil fuel plants; 
2) as an industrial boiler and furnace fuel; 3) as a heavy grade ship fuel for large diesel 
engines and the few steamships remaining in the world.  Traditionally, RFO was sold as a 
cheap, unwanted byproduct at prices below the value of crude oil. 
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World production and demand for RFO has been declining since the late 1970s, when 
high oil prices led to conversion of power plants to coal. In recent years, a shift away 
from RFO has been accelerated by the use of natural gas for electric generation.  As 
demand has declined, the related decline in production has been accomplished by re-
fitting refineries with more sophisticated processes to convert higher percentages of each 
crude oil barrel to valuable clean fuels, chemical feedstocks, and lubricants (olefins).   
Furthermore, the remaining RFO is increasingly converted to dry, granular petroleum 
coke, a material that can be used as a boiler fuel, or as the basis to produce electrodes for 
the melting and purification of aluminum. 

In the future, air quality standards will impose higher standards on RFO chemistry.  RFO 
sulfur content will be reduced, as will its generation of sulfur dioxide and nitrogen oxide. 
This will further tighten supply and force prices higher. To meet market demand, 
refineries will have to invest in processes to treat RFO.  Consequently, further shifting of 
demand to other fuels will occur and only hard-core demands for RFO will be met with 
“cleaner” and more expensive RFO. 

Key Markets 

The largest single geographic market for RFO is the United States, with major oil-fired 
power plants located in the Northeast and Florida. In addition, many ships are fueled in 
the United States.  As US refiners have reduced output and utilities have shifted to other 
fuels, demand declined by about 20 percent since the early 1990s and this trend is 
expected to continue. 

In the Caribbean and Central America, RFO is a vital element of power generation.   
Although many rain-rich tropical countries can generate hydro-power from rivers and 
lakes, droughts and peak demands require additional power that RFO-fired plants can 
provide. The demands of some semi-arid countries such as Mexico are more volatile, due 
to droughts. During droughts, these countries can terminate exports of RFO and switch to 
imports. In some areas, natural gas, wood chips, coal, solar energy, wind, gas or diesel-
powered turbines, natural thermal energy and other sources are gaining in importance.  
According to BP, Latin and South American RFO demand peaked in 1998 at some 
850,000 bpd and declined toward 736,000 bpd in 2002. 

In Central America, RFO is only one source of energy among several in the production of 
electrical power and is not the preferred source for future electricity generation.    

 Panama has a large RFO-fired power plant on the Atlantic side of the Canal, but 
has plans to invest some $ 90 million over the next decade in hydro-electric and 
wind energy projects. 

 Nicaragua is relatively dependent on oil-fired power plants and RFO imports. 

 Ecuador is largely oil-fired due to its production of RFO at domestic refineries. 
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Importantly, the SIEPAC project would connect 37 million electricity consumers in 
Panama, Costa Rica, Honduras, Nicaragua, El Salvador, and Guatemala with a regional 
transmission line network that would enhance power delivery and trading within the 
region.  This could be used to reduce demand for new, small scale thermal plants.  One 
implication is that to the extent that thermal plants are built, they could be larger-scale 
and more efficient gas-, coal-, or oil-fired plants that would not require Canal transits of 
fuel.  The project has not moved beyond the proposal stage and there is no reliable 
information available regarding the likelihood or timing of its completion. 

The only growing market for RFO is the marine diesel marketplace.   This global market 
historically relied on RFO at major ports near refinery centers, such as New York, 
Houston, Singapore, Rotterdam, Saudi Arabia, the Caribbean (US Virgin Islands, 
Netherlands Antilles) and Venezuela.   Major shipping juncture points, such as Gibraltar, 
Suez, the Arabian Gulf, Singapore, Hong Kong, Rotterdam, Tokyo, New York and 
Houston were among the major points of supply.  At present, Venezuela and Russia are 
among the largest sources of RFO.  Ships typically sought to acquire RFO at ports where 
the ships were loading or unloading cargo, so that fueling could occur during cargo 
handling operations, at no additional ship time cost.  As safety standards increased, the 
simultaneous handling of cargo and loading of RFO were prohibited in many ports, 
particularly for tankers. Consequently, ship owners began to search out locations for less 
expensive and faster delivery.  This expanded the locations in which fuel was available 
One growing market has been Panama, where historically high prices have been reduced 
and sale volumes have increased. 

RFO markets are expected to become more volatile and complex.  This is largely because 
with fewer points of major production, RFO must move longer distances to market, 
adding risks for traders because of the potential for price fluctuations.  To some degree 
this will lead to efforts to sell RFO closer to points of production.  Panamanian ship 
fueling activity is an example of this trend.  More RFO is moving from Venezuela and 
other countries to Panama for sale to passing ships than ever before. 

Key Traffic Routes 

Westbound 

Westbound RFO (Exhibit D-18) has declined 50 percent since 1998.  The sharp drop in 
1999 was due to a collapse in West Coast Central American demand – this was an 
anomaly. The West Coast United States is the dominant destination and this flow is 
closely tied to the need for ship fuel in California.  Demand from West Coast Central 
America is the other major component of demand.  Traffic to Balboa for bunkering 
purposes was actually declining; suggesting that the Pacific ship fueling operation is 
drawing more of its fuel from sources in the Pacific (Ecuador being one potential source).  
Asia is the only long-haul arbitrage receiver and its volume is minimal and based on 
traders finding situational opportunities for trading. 
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Exhibit D-18 
RFO Westbound Destinations, 1998-2003 
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Source: Mercer analysis. 

In contrast to RFO destinations, RFO origins are more diverse and complex (Exhibit D-
19).  The EC United States, West Indies (primarily the Netherlands Antilles) and East 
Coast South America (primarily Venezuela) are the major sources, with smaller volumes 
from East Coast Central America (Panama Pan Ref and Mexico) sources. 

All sources have experienced proportional reduction in volume to the Canal, suggesting 
that they are all fighting for share and no producer has an advantage. Africa has emerged 
as a source of some marginal supply, largely because local demand is weak. This is 
entirely based on arbitrage opportunities and may have been supported by the refining 
difficulties experienced by Venezuela in FY 2002 and 2003. 



Panama Canal Market Demand Forecast Appendixes           

Mercer Management Consulting D-47

Exhibit D-19 
RFO Westbound Origins, 1998-2003 

 (000 long tons) 

0

500

1,000

1,500

2,000

2,500

3,000

3,500

4,000

1998 1999 2000 2001 2002 2003

Africa

Europe

ECSA

WINDIES

ECCA

ECUS

 
          Source: ACP. 

Eastbound 

The destinations for eastbound fuels (Exhibit D-20) have been very volatile, with the East 
Coast United States and the West Indies being major receivers.  It appears that both 
markets are seeking fuel in proportion to total shipments. Cristobal is taking a small share 
for ship fueling and perhaps power generating purposes. The fact that westbound volume 
decreased sharply in 1999 and that eastbound volume decreased that same year suggests 
that RFO remained on the sides of the Isthmus on which it was produced. 

Exhibit D-20 
RFO Eastbound Destinations, 1998-2003 
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Virtually all of the RFO moving eastbound is from the West Coast South America 
(Exhibit D-21), specifically Ecuador, which is the dominant exporter in that region. All 
other sources are essentially for arbitrage. Until and unless the economies of Ecuador or 
other West Coast Latin American states grow and increase their demand for fossil-fired 
electricity, this surplus may continue in proportion to Ecuador’s refinery output and its 
proportional output of RFO. It is important to note that the approximately 500,000 ton 
drop in flows in 1999 and 2000 amounts to only 9,000 bpd, which is negligible in the 
context of world and regional trade.   

Exhibit D-21 
RFO Eastbound Origins, 1998-2003 
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Demand Forecast 

The Mercer approach was a combined top-down and bottom-up approach, with a strong 
regional focus on supply and demand in Latin America, augmented by insights on supply 
and demand in the broader context.  The fundamental issue is balancing declines in RFO 
production with levels of demand. 

Westbound 

The westbound forecast is based on the regional needs for RFO in key markets, notably 
the West Coast United States and West Coast Central America, and shipments are 
expected to decline slightly over the forecast period. 

Eastbound 

The eastbound forecast is based on the estimated amount of Ecuadorian RFO that is 
surplus to West Coast Central and South American needs and must be exported.  Over 
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time, Ecuador’s refinery output is projected to increase and the potential for some 
improvements in its refinery technology is possible. Consequently, no net increase in 
RFO production is anticipated. At the same time, local demand for RFO for power 
generating may increase, while the market for marine fuel sales in Panama may also 
increase. Thus, the overall outlook for traffic through the Canal is downward. 

Sensitivity Analysis 

Major Uncertainties 

As with the other petroleum products, improved refinery reliability and increased capacity 
would have the dual effect of reducing the need for westbound shipments and increasing 
the surpluses available for eastbound trade. 

Toll Sensitivities 

RFO is sensitive to tolls to the extent that increased delivery costs would spur the 
aforementioned refinery improvements.  It is not sensitive, however, to competition from 
overland trucking because of the handling requirements of the product.  Also, point to 
point delivery of RFO is the norm (to factories, power plants, and ports) as opposed to the 
distribution of LPG, diesel fuel, and gasoline. 

9.  Route and Fleet Model  

This section describes the methodology for allocating the liquid bulk trade forecast to 
ship types and sizes and determination of transits, PCUMS, and toll revenues.     

The inputs to the fleet model are the potential Canal volume by transit direction and 
commodity, as determined in the trade forecasts for each commodity.  Alternatives to the 
base case trade forecasts are captured in user-defined scenarios and in the Monte Carlo 
simulation. 

For the liquid commodities, intermodal competition with the Canal is addressed within 
the framework of the trade forecast.  The modes that provide alternatives to the Canal are 
the Trans-Panama Pipeline (PTP) for crude oil and trucking of products across Central 
America.  Because of the superior economics of the pipeline, route share allocation 
between it and the Canal is not an issue.  It is a binary choice of either operating or not 
and in which direction(s).  Mercer’s estimation of the probabilities of each scenario are 
used as inputs to the Monte Carlo simulation and to user-defined scenarios, in which the 
pipeline’s status drives crude trade.  Similarly, future road improvements are addressed 
probabilistically.  The economics are clearly in favor of trucking for much of Central 
America’s products and gas requirements; the question is if and when the infrastructure 
will be ready to support these trades. 
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The effect of Canal delays on the use of the Panama Canal is considered as a cost factor 
for each ship type and commodity.  In each scenario, Canal waters time that exceeds two 
days impacts the levels of trade according to the sensitivity of each trade to tolls. The 
excess waiting time is assessed at the cost of the vessel’s time at its time charter rate plus 
the inventory cost of its cargo.  This cost as a percentage of total Canal costs (tolls + 
OMS + weighted average booking fees) is added to the real toll increase in the scenario.  
The toll increase above inflation determines what share of the baseline cargo forecast is 
retained by the Canal. 

Mercer analyzed three years of ACP transit data to create a baseline fleet allocation and 
projected the effect of changes to the tanker fleet and the expanded Canal on vessel size 
distribution.   

Transits were analyzed by commodity group, direction, and deadweight band cross-
sections to determine cargo allocation, average deadweight, and utilization factors. 

Equations were developed for each ship type (crude, products, chemical, and LPG 
tankers) to derive PCUMS from deadweight.  The r-squared values for the conversion are 
greater than 0.93 for each type. 

For each deadweight band, factors were determined for the growth or decline of that size 
range, from which the distribution of cargo is calculated for each year of the forecast 
period. 

Utilizations were considered for the existing and expanded Canal.  For the existing Canal, 
there is no reason for utilizations to change over time, so they are carried forward at 
historical levels.  Intuitively, it would appear that utilizations should improve for 
Panamax tankers with additional draft available following expansion.  The transit data, 
however, shows that average cargo sizes are nearly identical across 50-60, 60-70, and 70-
80K Dwt size bands—approximately 51K tons.  If each ship were loading the maximum 
possible for transiting the Canal, the larger ships should hold more cargo at the same draft 
than the smaller ones, but this is not the case.  This demonstrates a well known fact in the 
oil trade: traders buy and sell in standard stem sizes.  The 51K ton loading conforms to 
the 350,000 barrel standard and to the constraints imposed by some of the load and 
discharge terminals. Expansion of the Canal will not change this standard.  It should be 
noted, however, that the mean deadweight of the 50-60K Dwt band is 59K and the mean 
of the 70-80Kdwt band is 70.5Kdwt which is, in essence, a single grouping.  In the 
expanded Canal case, larger vessels carrying 500,000 barrels could transit the Canal.  
Despite the exhaustive analysis of this issue, it is somewhat of a moot point considering 
the very low levels of crude oil trade forecast for 2015 and later. 

In the expanded Canal scenario, Aframaxes are introduced and capture most of the crude 
traffic by the end of the forecast period.  This is reasonable considering that all of the 
export and import terminals that are relevant to the trade handle Aframax tankers and they 
are commonly deployed in the region.  Larger ships—Suezmaxes—are not expected to 
transit the Canal in significant numbers as discussed below in the marketing summary. 
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The outputs of the route and fleet allocation model are tonnage, transits, PCUMS, and toll 
revenues by commodity and by ship class for the three macroeconomic scenarios and two 
Canal scenarios in each year of the forecast. 

10. Scenario Analysis 

Base Market Scenario – Probable Case 

The most probable scenario is Mercer’s forecast of the liquid bulk trades under the base 
case economic scenario and the most likely evolution of trends in each of the trades 
(Exhibit D-22).  The base case assumes no significant changes in: 

 Pacific side refining capacity and road infrastructure 

 Ecuadorian crude production trends 

 The supply-demand balance of chemicals in Asia 

Canal trade in the scenario declines as crude volume shifts to the TPP and then recovers 
through incremental growth in products and chemicals.   

Tonnage is expected to be stable at 31 million tons in 2002 and 2025.  Transits are 
expected to decline from 1,714 to 1,691, while toll revenues are expected to grow from 
US$75 million to US$137 million in the final year of the forecast.  
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Exhibit D-22 
Base Market Scenario – Probable Case 

 
 

Base Market Scenario – Pessimistic Case 

The pessimistic macroeconomic scenario (Exhibit D-23) adjusts the demand-driven trades 
for lower levels of economic activity: 

 Westbound products, crude, and chemical trades are reduced by 10-20 percent. 

 The supply-driven and arbitrage trades, such as eastbound products movements that 
represent insignificant volumes in their destination markets do not react to a lower 
rate of macroeconomic growth. 
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 The decline in Canal volume is steeper in the medium term than in the base case, and 
does not recover during the forecast period. 

As a result, in this case transits would be expected to decline to 1,445 in 2025, while toll 
revenues would be expected to grow to $118.2 million. 

Exhibit D-23 
Base Market Scenario – Pessimistic Case 

 

 
 

Base Market Scenario – Optimistic Case 

The optimistic macroeconomic case adjusts the liquids trades for higher levels of 
economic activity (Exhibit D-24): 
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 Westbound products, crude, and chemical trades increase by 2 percent above the base 
case in each period. 

 The supply-driven and arbitrage trades, such as eastbound products movements that 
represent insignificant volumes in their destination markets do not react to a lower 
rate of macroeconomic growth. 

 Total liquids trade in the optimistic case declines through 2010 due to the reduction in 
crude shipments, but recovers to 32 million tons by 2025 as the loss of crude is offset 
by increases in gasoline, LPG, and chemicals.  There are 50 fewer transits in 2025 
compared to 2002 as the handymax trades increase relative to the handy trades and 
Panamax crude shipments decline.  

In this scenario, transits would be expected to increase to 1,717 in 2025, while toll 
revenues would be expected to grow to $139 million. 
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Exhibit D-24 
Base Market Scenario – Optimistic Case 

 

 

Pessimistic and Optimistic Market Scenarios 
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shipments.  Steady production levels are assumed for the pessimistic scenario, with 
greater retention of westbound shipments.  In the optimistic scenario, the TPP will be 
used for eastbound shipments only; in the pessimistic scenario it opens for westbound 
cargo as well.  The effect of ceasing eastbound shipments can be tested in user-
defined scenarios but is deemed to be too unlikely for inclusion in the optimistic 
market scenario. 

 Pacific coast refining and transportation infrastructure: Because of the 
bidirectional nature of the products trades, anything that increases trade in one 
direction will reduce it in the other.  In general, the westbound trades are larger and 
less dependent on arbitrage; therefore, the optimistic scenario assumes that the 
refining capacity and transportation infrastructure on the west side of Central America 
will not grow to reduce the region’s dependence on shipments through the Canal.  In 
the pessimistic scenario, refinery output grows and roads are built and improved that 
increases the competitiveness of overland shipment of products. 

 Asia chemical supply-demand balance: As detailed above, rapid growth in China 
could have a positive or deleterious effect on westbound chemical shipments, offset 
by a corresponding reduction or increase in eastbound shipments from China.  The 
westbound trade is larger, so the pessimistic scenario assumes that China will 
increasingly rely on domestic production and even export excess supply, which 
provides some offsetting increase in the eastbound trade.  The optimistic scenario 
assumes continuing Asian reliance on chemical imports. 

Pessimistic Scenario Results 

In the pessimistic market scenario (Exhibit D-25), crude volume drops significantly and 
the growth of chemicals and LPG offset decreases in other products.  Increases in 
eastbound products and chemicals offset westbound decreases, resulting in a net loss of 7 
percent of cargo tonnage from 2002 to 2025. Transits are expected to decline to 1,563 in 
2025, while toll revenues are expected to grow to $126.7 million in 2025. 
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Exhibit D-25 
Pessimistic Market Scenario  

 

 
 

Optimistic Scenario Results 
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revenues are expected to grow to $147 million in 2025. 
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Exhibit D-26 

Optimistic Market Scenario 
 

 

11.  Marketing/Pricing Summary 
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and as input to the decision making process for pricing and Canal expansion. 
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Toll Sensitivity 

The sensitivity of liquid bulk trades to increases in Panama Canal tolls is determined at 
the trade level.  The trade level analysis captures the economics of each commodity: the 
importance of the individual trade to shippers and receivers, value relative to 
transportation costs and tolls, price elasticity of buyers and sellers, the extent to which the 
trade is arbitrage, and the economics of alternative sources and markets 

Toll sensitivities at the trade level are discussed for each commodity in the sections 
above, but it is instructive to examine them in aggregate.  The sensitivity curves in 
Exhibit D-27 were developed considering the aforementioned factors.  For each trade, a 
logistics model was developed to compare alternative sourcing or market options as well 
as transportation options.  The curves provide the context of the trades. Crude is 
endangered already so any toll increases will only impel that decline to occur more 
quickly.  Westbound products are less sensitive than eastbound because they are more 
representative of core demand than arbitrage.  Chemical trades are less sensitive because 
of high cargo value, expensive ships, and carriers’ patterns that are not easily shifted; on 
the other hand, profit margins are very narrow and any incremental gain in cost advantage 
for the Asian chemical industry accelerates the shift from US imports. 

Exhibit D-27 
Liquid Bulk Commodities: Toll Sensitivity 

 
Westbound                                                             Eastbound 

 
Source: Mercer analysis. 
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A broader question that the analysis addresses is whether the expanded Canal would 
induce a shift in cargo flows to patterns that would be economically viable on post-
Panamax ships.  The only liquid commodity that is regularly transported in post-Panamax 
ships is crude oil.  From an analysis of major crude flows that could potentially transit the 
Canal (Exhibit D-28), it is clear that there is no buyer or seller for whom transportation 
via the Canal represents a cost effective option.  In assessing the costs of these voyages 
(in $ per cargo ton), there is an important difference between crude and dry bulk trades.  
For dry bulk, a route using the Canal is assessed only one toll because dry bulkers can 
usually fix cargoes near their discharge port and minimize ballast time.  Crude tankers on 
the other hand carry only crude oil and rarely have any backhaul opportunity; therefore, 
the voyage comparison includes the full cost of a ballast leg. 
 

Exhibit D-28 
Crude Oil: Sourcing Options 

 
DISCHARGE  

Corpus Christi, TX Talara, Peru Los Angeles, CA 
Bonny, Nigeria $4.75/VLCC/Direct $10.45/Suezmax/PC 

$9.19/Suezmax/CH 
$12.61/Suezmax/PC 

Esmereldas, 
Ecuador 

$6.34/Suezmax/PC  $3.69/Suezmax/Direct 

Puerto La Cruz, 
Venezuela 

$2.61/Suezmax/Direct  
$3.57/Aframax/Direct 

 $8.22/Suezmax/PC 

Ras Tanura, 
Saudi Arabia 

$8.77/VLCC//CGH  $7.96/VLCC/SGP 

 
 
LOAD 

Vladivostok, 
Russia 

$13.80/Suezmax/PC  $3.69/VLCC/Direct 

   Bold-italics = best option for buyer 
   Gray fill    = best option for seller 

   Source: Fearnley’s Transp Cost.xls model. 

Bulk Fleet Development, Deployment, and Canal Expansion 

From the preceding analyses, it is evident that the Canal will have little impact on 
changes in the development of oil, products, chemical, or gas tankers.  The fleet has 
evolved, —and continues to evolve, —around standard sizes that best suit the commercial 
environment of the major trades.  Unlike dry bulk where the Canal has an impact on fleet 
development as ship owners seek to maximize their flexibility with an eye on US to Asia 
grain trades, there is no such role for the Canal in the liquids trades.  The forecast shows 
that there are few opportunities for growth in the petroleum trades through the Canal, and 
any that do arise can be met by the existing fleet.    

In summary, an expanded Canal will have a negligible impact on the liquid bulk trades, 
and the expected toll increases would accelerate the decline in tonnage over the forecast 
period. 
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Appendix E  

Summary: Passenger Cruise Segment Analysis 

Overview of the Passenger Cruise Market Segment 

Mercer Management Consulting (Mercer) was selected by the ACP to develop an 
investment-grade demand forecast and associated marketing and pricing plan for the 
Panama Canal. The passenger cruise segment analysis presented herein is part of 
Mercer’s scope of work for the development of the integrated demand forecast.   

Mercer’s approach to analyzing this market segment involved developing an 
understanding of customers (passengers), cruise routes, the cruise fleet, competitive 
vacation offers, and port dynamics at work in the market, in order to assess potential 
passenger cruise demand for the Panama Canal. 

The passenger cruise industry is a relatively young business, with fundamentals that point 
to solid long-term growth potential. North America, principally the United States, is the 
largest source market for cruise passengers. Worldwide, the number of cruise passengers 
in 2002 grew by 9.1 percent over the preceding year, exceeding the 8.4 percent average 
annual growth experienced from 1980 to 2002. 

The cruise industry has undergone significant consolidation in recent years, with the two 
largest companies, Carnival and Royal Caribbean, together commanding more than an 80 
percent share of the North American market.  Cruise industry revenues grew by an 
average 9.8 percent per year during 1992-2002, from US$5.8 billion to US$15 billion.  A 
larger population of potential cruise vacationers, the desire to maximize scarce leisure 
time, and the industry’s success in encouraging “first-time” cruising and in offering a 
wide array of schedules and destinations, is expected to encourage further growth in the 
segment. 

Within the industry, the Panama Canal plays a pivotal role, both as a destination and as 
means for repositioning ships to various cruise markets. The Panama Canal cruise market 
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segment is primarily influenced by North American cruise activity, although it is also 
visited by South American and around-the-world cruises. During 2003, more than 225 
cruises transited the Canal, generating approximately $26.6 million in fees1. These figures 
represent a turnaround for the Canal after five years of declining traffic and revenues 
from the cruise market segment. In the next 20 years, cruise activity is projected to triple 
worldwide, and the Panama Canal’s strategic location will place it squarely in the middle 
of this growth. 

For the purposes of this study and the investment-grade demand forecast, Mercer 
developed a comprehensive segmentation analysis of the Panama Canal cruise market, 
with transit purpose as the most important segmentation characteristic. Canal transits are 
driven primarily by one of two factors: the Canal’s attractiveness as a tourism destination, 
or ship repositioning due to changes in cruise passenger demand for western and 
eastern/Caribbean itineraries by season. For tourism-focused cruises, the greatest risks to 
Canal transits are posed by changes in the attractiveness of the Canal as a destination and 
the growth of alternative Panama tour options for cruise passengers. For repositioning 
services, where maximizing profitability is key, the economics of using the Canal are 
most important.  

Passenger Cruise Market Traffic and Toll Revenue Forecast 

Mercer’s methodology for the study was designed to deliver comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, 
marketing/pricing actions, and Canal expansion cases. Model methodology and scenario 
development are discussed in detail in section 3.  For the three primary scenario groups 
developed by Mercer – probable, optimistic, and pessimistic – Mercer’s forecast is 
summarized below.  

Sensitivity analysis of variation in the Canal’s toll revenues for the three scenario groups 
indicated that the Canal’s attractiveness to tourists is one of the most important factors 
impacting toll revenue. Interest in cruise vacations and the cruise passenger forecast have 
nearly as much impact on total Canal toll revenue for the optimistic scenario, but (loss of) 
interest in cruise vacations has a greater negative impact on toll revenues in the 
pessimistic scenario. The Canal expansion case has a fairly low impact on Canal toll 
revenues, around 2 percent in 2025. 

Probable Scenario 

In this scenario, Canal demand (in terms of total cruise berths) will grow by 157 percent 
over the 2002-2025 forecast period, while the number of Panama Canal cruise transits 
will grow by 80 percent (from 217 in 2002 to 390 in 2025). Future Canal cruise traffic 

                                                 
1 Source: ACP passenger cruise database. The transits and revenues data presented in this report may not match exactly 
with passenger cruise data present in other Canal reports. 
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will be driven primarily by turnaround and Alaska repositioning transits, accounting for 
38 percent and 27 percent, respectively, of total Canal cruise transits in 2025. 

Transits will not grow as fast as total berths because the Canal will see a large increase in 
transits by bigger cruise ships of 1,500 to 3,000 berths, at the expense of smaller ships. 
This trend will result from larger ships being used in turnaround and South American 
repositioning services and a reduction in the number of pendulum transits, which 
traditionally use smaller ships.  

This scenario foresees resulting Canal toll revenues increasing by 351 percent over the 
forecast period (from US$18.8 million in 2002 to US$84.8 million in 2025). Turnaround 
and Alaska repositioning services together will generate US$65.9 million in 2025, or 78 
percent of total Canal toll revenues for the passenger cruise segment. 

Optimistic Scenario 

In this scenario, the number of Panama Canal cruise transits will grow by 443 percent, to 
1,179 in 2025. Future Canal cruise traffic will be driven primarily by turnaround and 
pendulum transits, accounting for 75 percent of total Canal cruise transits in 2025. The 
vessel mix transiting the Canal would not change significantly in the forecast period 
(considering 2003 as the base year), save for a slight increase in larger ships.  

In the optimistic scenario, total toll revenues from the cruise passenger segment are 
projected to grow by nearly 1,088 percent over the forecast period, to US$223.4 million 
in 2025.  Turnaround, pendulum, and Alaska repositioning transits will account for 91 
percent of Canal toll revenues in the passenger cruise segment in 2025. 

Pessimistic Scenario 

The pessimistic scenario forecasts that Canal transits will drop by 5 percent over the 
forecast period, to 206 transits in 2025, with pendulum transits falling to nearly zero, 
while Alaska and South America repositioning transits would show slight growth, 
accounting for 34 percent and 25 percent of total transits in 2025. 

In this scenario, Canal toll revenues from the passenger cruise segment will grow by only 
133 percent, to US$43.8 million in 2025 (note: only 61 percent toll revenue growth from 
2003 to 2025). Turnaround and Alaska repositioning are projected to account for 70 
percent of total cruise segment Canal toll revenues in 2025. 

Canal Expansion Impact 

Canal expansion would impact the passenger cruise segment in two ways:  First, the 
expansion of the Canal, once completed, would likely attract tourists who wanted to see 
the new locks. Second, a few cruise services would potentially deploy ships that cannot fit 
through the current set of locks. Mercer’s assessment indicates, however, that the overall 
impact of Canal expansion on cruise segment demand and toll revenues is likely to be 
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minimal. In the probable scenario, for example, turnaround and pendulum transit types 
would generate increased berth demand of only 2.5 percent in 2025, while a small number 
of category 5 cruise ships (more than 3,001 berths) would be introduced into the vessel 
mix (2.7 percent of total transits in 2025), primarily at the expense of category 4 ships. 

As a result, additional Canal toll revenues from expansion for the passenger cruise 
segment are projected to be $5.0 million in the optimistic scenario, $2.1 million in the 
probable scenario, and $841 thousand in the pessimistic scenario. 

Marketing/Pricing Insights 

The cruise segment offers a wide array of potential pricing and marketing options which 
would enable the ACP to capture additional toll revenue. As an example, the ACP could 
change the unit in which Canal tolls are charged. Using berths as a toll basis, rather than 
PCUMS, would tie tolls more closely to cruise lines’ profit unit, while using ship size 
would reflect the actual “opportunity cost” of each ship transit. Additional services could 
be offered by operational ship category in the latter case, allowing for “bundled” tolls that 
offer added value. 



Panama Canal Market Demand Forecast Appendixes 

Mercer Management Consulting E-5

Passenger Cruise Segment Analysis Detail 

1.  Overview of the Passenger Cruise Market Segment 

The passenger cruise industry is a modern and dynamic global industry. In the last 10 
years, it has continued to expand its capacity and to develop new value propositions for 
vacationers. This section provides a high-level assessment of the cruise industry and the 
Panama Canal’s role within it, including: 

 Global cruise industry characteristics, key market segments, and trends and challenges 

 Panama Canal cruise market overview, including key routes, and the customer and 
competitive environment 

 The Panama Canal’s strategic role in the cruise industry 

Global Cruise Industry 

The passenger cruise industry is a relatively young business, with fundamentals that point 
to solid long-term growth potential: 

 In 2002, world cruise revenues represented approximately 5 percent of the total world 
tourism market. Cruise industry revenues grew by an average 9.8 percent per year 
during 1992-2002, from US$5.8 billion to US$15 billion.  

 Approximately 11.2 million passengers took cruise vacations in 2002,2 of these, 
approximately 7.6 million were North Americans. Worldwide, the number of cruise 
passengers in 2002 grew by 9.1 percent1 over the preceding year, exceeding the 8.4 
percent average annual growth experienced from 1980 to 2002. 

Exhibit E-1 shows the growth in world cruise passengers since 1999. 

                                                 
2 Source: Seatrade, Global Changes in the Cruise Industry 2003-2010, Tony Peisly. 
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Exhibit E-1 
International Cruise Passengers, 1999-2002 
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                                     Source: Seatrade, Global Changes in the Cruise Industry 2003-2010, Tony Peisly. 

To date, the cruise industry has demonstrated its ability to succeed even under the most 
adverse circumstances. Particularly, the North American cruise industry has shown 
resilience in the face of political and economic adversity, with increases in both 
passengers and economic activity last year.3  Neither the events of September 11, 2001 
nor recent recessionary pressures have had much of an impact on the industry’s 
fundamentals. The industry’s growth and global reach are exceptional, given its high 
capital costs and the complex regulatory and legal environment in which it operates. 

Comparing 2002 to 1997, cruise ship embarkations from North American ports increased 
by almost 20 percent.  The major United States ports of call are located in Florida, 
Alaska, California, Louisiana, New York, Texas, and Massachusetts.  In Florida alone, 
over 4.4 million passengers embarked from the ports of Miami, Everglades, Canaveral, 
and Tampa in 2002.  An additional 2.1 million passengers boarded in San Juan, Puerto 
Rico and non-US ports, primarily Vancouver and Montreal (Canada). Exhibit E-2 
illustrates cruise origination geography for 2002. 

                                                 
3 Source: “Cruise firms’ recovery a boost to US economy,” by Tony Gray, Lloyd’s List, September 1, 2003. 
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Exhibit E-2 
Cruise Originations, 2002 

 

 
    Source: The Cruise Industry, 2002 Economic Summary, International Council of Cruise Lines. 

Market Characteristics 

Major Markets and Geographies 

North America, principally the United States, is the largest source market for cruise 
passengers, as noted in Exhibit E-1 above. Exhibit E-3 depicts the growth of the North 
American cruise market segment during 1993-2002, in terms of capacity deployed in four 
broad regional groupings: the Caribbean, Europe, the rest of the Americas, and the rest of 
the world. As shown in the exhibit, the Caribbean, which also includes the sub-sectors of 
the Bahamas and trans-Canal cruising, has consistently been the principal cruise 
destination for North Americans, with the rest of the Americas, including the islands of 
Bermuda and Hawaii, as a second choice. Europe is a close third as a preference, having 
grown more rapidly as a destination than other parts of the world in recent years. 

Top North American Embarkation Points in 2002 
(figures represent number of passengers) 

Florida 

 Miami 1,821,000 
 Port Canaveral 1,197,000
 Port Everglades 

1,105,000 
 Tampa 290,000 

California 

 Los Angeles 
538,000 

 San Francisco 
32,000 
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New York 

326,000 

Other North America 

 Galveston 267,000 
 Remaining US Ports 
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Seattle 
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North America Geographic 
Distribution of Embarkations 
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Exhibit E-3 
Growth of the North American Cruise Market by  

Destination Region, 1993-2002 
(000 passenger-nights) 
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Source:  GP Wild: Cruise Industry Statistical Review 2002. 

In recent years, a growing percentage of cruise passengers have come from Europe, 
Canada, and other areas of the world. Globally, while the Caribbean region is the 
principal destination for these passengers, with 44.5 percent share of deployments, a 
significant percentage of global capacity is allocated to other markets.  These include the 
Mediterranean, Europe, Alaska, trans-Canal (Panama), US West Coast & Mexican 
Riviera, Hawaii, and South America (Exhibit E-4). Among remaining destinations, the 
capacity for world, transatlantic, Asia, Australia, Middle East, and Antarctica cruises has 
more than doubled since 1990. Social, environmental, and economic factors relevant to 
these emerging destinations will provide both a challenge and an opportunity.  
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Exhibit E-4 
Distribution of Global Cruise Deployment by Region, 2002 
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Source: Seatrade, Global Changes in the Cruise Industry 2003-2010, Tony Peisly. 

Market Consolidation and Major Companies 

The combination of Carnival and P&O Princess in 2003 was an industry-transforming 
event, leading to increased structural concentration and essentially moving the cruise 
market from an oligopoly to a duopoly. The two largest companies, Carnival and Royal 
Caribbean, together now command more than an 80 percent share of the North American 
market and nearly 70 percent of the worldwide market. They also account for the vast 
majority of contracted industry-wide newbuilds.  

According to market estimates, the global market is served by approximately 280,000 
berths on 300 ships (end of 2003).4 Three companies – Carnival, Royal Caribbean, and 
Star Group – account for approximately 91.1 percent of total North American installed 
capacity.5 See Exhibit E-5 for a breakdown of the growth and market share of the major 
cruise lines. 

 Carnival Corporation & plc is a global cruise company with a portfolio of 13 distinct 
brands, comprising the leading cruise operators in both North America and Europe:  
Carnival Cruise Lines, Princess Cruises, Holland America Line, Windstar Cruises, 
Seabourn Cruise Line, Costa Cruises, Cunard Line, P&O Cruises, Ocean Village, 
Swan Hellenic, AIDA, A'ROSA, and P&O Cruises Australia. Together, these brands 
operate 70 ships totaling more than 110,000 lower berths, with 13 new ships 
scheduled for delivery between now and mid-2006. Carnival also operates three 

                                                 
4 Source: CLIA, GP Wild and Mercer analysis. 
5 Source: Cruise Industry News Annual 2003. 
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riverboats on Europe’s Danube and the leading tour companies in Alaska and the 
Canadian Yukon – Holland America Tours and Princess Tours. 

 Royal Caribbean Lines (RCL) operates two brands: Royal Caribbean International and 
Celebrity Cruises, which was acquired in July 1997. RCL’s ships operate on a 
selection of worldwide itineraries that call on approximately 200 destinations and that 
compete principally on the basis of quality of ships, quality of service, variety of 
itineraries, and price.  

– Royal Caribbean International (RCI) serves the volume cruise vacation sector 
(contemporary and premium segments). The brand operates 16 cruise ships with 
36,688 berths, offering itineraries that range from 3 to 17 nights and that call on 
destinations throughout the world. RCI’s strategy is to attract an array of 
vacationing consumers in the contemporary segment by providing diverse 
itineraries and cruise lengths, with multiple options for onboard dining, 
entertainment, and other onboard activities. Additionally, RCI offers a variety of 
shore excursions at each port of call. These extensive product offerings mean that 
RCI is well positioned to attract both new and returning vacationers. 

– The Celebrity Cruises brand primarily serves the premium market segment. 
Celebrity Cruises operates nine cruise ships with 16,354 berths and offers various 
cruise itineraries that range from 6 to 17 nights. Celebrity Cruises’ strategy is to 
attract consumers who want an enhanced cruise vacation in terms of modern 
ships, gourmet dining and service, extensive and luxurious spa facilities, large 
staterooms, and a high staff-to-guest ratio. Celebrity Cruises also attracts 
experienced customers from the contemporary and luxury cruise categories. 
Celebrity Cruises has expanded its fleet to provide an increased variety of 
itineraries and cruise lengths and has a higher proportion of its fleet deployment in 
seasonal markets (i.e., Alaska, Bermuda, Europe, and South America) than the 
Royal Caribbean International brand. 

 Star Group, the third largest cruise line in the world, is a global cruise brand presently 
operating a combined fleet of 19 ships with over 24,000 berths, with cruises to 
destinations and islands in Asia-Pacific, North and South America, Hawaii, the 
Caribbean, Alaska, Europe, the Mediterranean, Bermuda, and Antarctica under the 
Star Cruises, Norwegian Cruise Line, Orient Lines, and Cruise Ferries brands. 
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Exhibit E-5 
Growth and Market Share of Major Cruise Lines 

 

Cruise Line 1998-2002 
Revenue Growth 

(CAGR) 

1998-2002   
Capacity Growth 

(CAGR) 

Share of North American 
Passengers Carried, 
2002 

Carnival 7.2% 6.8% 48% 
Royal Caribbean 5.4% 12.5% 28% 
Star Group NA 15.5% 12% 
Note: Carnival’s figures are pro forma to represent the P&O acquisition impact.  
Source: Carnival, Royal Caribbean and Star Group Annual reports. 

Trends and Challenges 

Highly Favorable Demographic Backdrop 

Leisure travel is uniquely positioned to benefit from powerful demographic shifts. In the 
United States, key demographics shifts to watch include an estimated increase in the 
overall population of consumers by 23 million through 2010 (representing 0.9 percent 
annual growth during 2000-2010), the aging of the large group of 82 million “Baby 
Boomers,” and growth in the 15-19 year-old age category. 

Born between 1946 and 1964, Baby Boomers have had a significant impact on the US 
economy as they have moved through the various life stages. It is important to note that, 
as the Boomers enter retirement, they will increasingly have both the income and the time 
to pursue leisure activities. About 29.8 percent of the population is now in the 35-54 age 
category, up from 25.1 percent in 1990. This segment of the population generates higher 
levels of income and allocates more dollars to recreation and leisure than any other. In 
addition, the 45-64 age category, as the Baby Boomers age, will be the fastest-growing 
segment of the population through 2010, with an annual growth rate of 2.7 percent during 
2000-2010. Not surprisingly, this segment’s personal consumption patterns also show a 
bias toward recreation and leisure activities. 

The top two income quintiles (households with $55,000 or more in annual income) 
control 73 percent of overall US consumer income. Moreover, the majority of these high-
income households are concentrated in the fast-growing 45-64 age, where median income 
is 38 percent above the national average.  

Shifting Consumer Psychographics 

Favorable psychographic shifts, or changing consumer attitudes toward leisure and leisure 
time, are also having a dramatic impact on the travel and leisure category. Americans as a 
whole are working harder than ever and have fewer vacation days than workers in nearly 
every other developed country. The result is that recreation and leisure are perceived as 
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more of a fundamental need, to reduce stress and as a “deserved” reward for hard work. 
This is driving two key trends:  

 Maximization of scarce leisure time. Owing to the impact of leisure time poverty, 
time becomes the consumer’s most valuable currency, and the cost of recreational 
activities, including vacations, often becomes secondary. Although this should make 
vacation spending more recession resistant, the flip side is that a general lack of 
leisure time prevents even stronger leisure category growth. Other leisure trends, 
including venue convergence, the trade-up mentality, and general strength in the high 
end of the market trace their roots to the common theme of maximization of scarce 
leisure time. 

 Shift toward more frequent and shorter vacations. Tour operators, travel agents, and 
distributors are noticing that travelers are vacationing more frequently but for shorter 
periods of time. This is in response to the aforementioned changes in work hours, as 
well as to the increased number of dual-income households (making it harder to get 
away). In addition, flexible work plans make planning and budgeting well in advance 
more difficult. 

In Mercer’s view, the cruise lines are appropriately responding to these trends through 
innovation in trip schedules and itineraries, as well as by building bigger and better ships. 

Successful Efforts to Reduce Barriers to Trial Cruises 

To grow the market, cruise operators must increase the number of people taking “trial” or 
first-time cruises. Led by Carnival, operators have been highly successful in meeting this 
objective by reducing two of the barriers to cruising – cost and time commitment –
primarily by dramatically expanding both the number of home ports and the variety of 
short-cruise options. 

 Expanding home ports with proximity to major drive-in markets. Spreading out ports 
of embarkation not only makes a cruise more convenient, but it also reduces the 
overall cost of the vacation by, in many cases, eliminating the cost of airlift. Examples 
of non-traditional home ports introduced by Carnival in recent years include New 
Orleans, Galveston, Baltimore, New York, and Tampa. 

 Increasing the number of short-cruise itineraries. These offerings, which include 
three-, four-, and five-day cruises, reduce both cost and time barriers to trial. A shorter 
cruise reduces costs and allows the consumer to try the product without having to 
invest a full seven days, which could represent 50 percent or more of annual vacation 
time. Such short-cruise options are becoming more important, given the increasing 
emphasis that consumers place on scarce leisure time. 



Panama Canal Market Demand Forecast Appendixes 

Mercer Management Consulting E-13

Panama Canal Cruise Market  

The Panama Canal cruise market segment primarily consists of North American cruise 
activity, although the Canal is also visited by South American and around-the-world 
cruises. This section provides an overview of the Canal’s cruise market and the customer 
and competitive environment that will drive growth in this segment. 

Market Overview 

During 2003, more than 225 cruises transited the Canal, generating approximately $26.6 
million in fees. These figures represent a turnaround for the Canal after five years of 
declining traffic and revenues from the cruise market segment (see Exhibit E-6). In the 
next 20 years, cruise activity is projected to triple worldwide, and the Panama Canal’s 
strategic location will place it squarely in the middle of this growth.  

 
Exhibit E-6 

Canal Cruise Passenger Fees and Transits, 1999-2003 
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Source: ACP database, Mercer analysis. 

For the purposes of developing this forecast, Mercer developed a comprehensive 
segmentation analysis of the Panama Canal cruise market, with transit purpose as the 
most important segmentation characteristic. The cruise market segment was divided into 
five categories for transit purpose: pendulum, turnaround, Alaska repositioning, South 
America repositioning, and around the world. Exhibits E-7 and E-8 show recent transits 
and revenue contribution by segment. 
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 Pendulum: Cruise ship that transits the Canal several times in one or more seasons of 
the year. The main reason for these transits is to add the Canal to the cruise itinerary 
as a tourist destination. 

 Turnaround: Cruise ship that transits the Canal halfway, originating from the West 
Coast or Caribbean Gulf, and leaves the Canal by the same set of locks. Also part of a 
tourism itinerary. 

 Alaska repositioning: Cruise ship that transits the Canal in the spring season, 
originating from the Caribbean Gulf and with Alaska as the final destination, entailing 
the reverse itinerary in the fall season. 

 South America repositioning: Cruise ship that transits the Canal usually in the 
winter season, originating from the Caribbean Gulf and headed to South America’s 
west coast, entailing the reverse itinerary or returning to the Caribbean Gulf via the 
east coast of South America. 

 Around the world: Cruise ship that transits the Canal as part of an around-the-world 
itinerary. 

Exhibit E-7 
Panama Canal Transits by Segment, 2002-2003 
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 Source: ACP database, Mercer analysis. 
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Exhibit E-8 
Panama Canal Toll Revenue Share by Segment, 2002-2003 
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Source: ACP database, Mercer analysis. 

Customer Environment 

The number of yearly Canal transits for each market segment above is driven by one of 
two factors: the Canal’s attractiveness as a tourism destination or cruise passenger 
demand imbalance between western and eastern/Caribbean itineraries by season. 
Pendulum and turnaround services mainly respond to cruise passengers’ interest in 
visiting the Canal. The other three segments –Alaska repositioning, South America 
repositioning, and around-the-world cruises – respond to the demand imbalance between 
western and eastern/Caribbean itineraries by season. 

Panama Attractiveness as a Tourist Destination 

The Panama Canal’s attractiveness as a tourist destination is a primary reason for North 
American cruise visits. During 2003, for example, 136 of the 225 passenger cruise transits 
of the Canal (60 percent) were related to such direct tourism. 

The Panama Canal as a cruise destination is characterized by several factors: 

 Cruise duration longer than seven days 

 Mainly served by the premium cruise segment 
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 Not a first-time cruise destination 

Currently, most of the cruises that visit the Canal offer the transit experience as the only 
sightseeing in Panama, and do not permit passengers to disembark or take advantage of 
extended tour offers. Obviously, this situation has limited the growth of the tourism 
industry in Panama. To reverse this situation, the Panamanian Institute of Tourism has 
announced a master plan in which Panama will operate as a cruise “foreign distant” port 
(i.e., a starting point for cruise itineraries). The success of this plan will strongly influence 
tourism activity within Panama.  

Although details of this plan have not yet been revealed, Mercer believes that the Canal 
traffic forecast would not be substantially affected, because most cruise lines, instead of 
cruising the Canal, would offer shore excursions to take advantage of the additional 
tourism options, offsetting any higher growth in total cruise transits. Currently, cruise 
ships usually only offer either the transit or shore excursions, not both. 

Demand Imbalance between Western and Eastern/Caribbean Itineraries by Season 

Demand imbalance between western and eastern/Caribbean itineraries by season is the 
other primary reason for Canal transits. The most important market segment in this 
category is Alaska repositioning, followed by around the world and South America 
repositioning.  

 Alaska repositioning is characterized by strong seasonality. In 2003, between the 
spring and the fall season, there were more than 60 cruise ships serving different 
Alaska routes. Of these, 42 relocated to the Caribbean market at the beginning of the 
winter by passing through the Panama Canal, while approximately 21 ships were 
relocated to other western markets, such as the Mexican Riviera, Hawaii, and South 
America. It is expected that this segment will grow due to strong demand for Alaska 
cruises. 

 Around the world cruises offer a unique itinerary. In 2003, 28 cruise ships transited 
the Panama Canal during their around the world itineraries. There is little certainty 
about the long-term forecast for this segment, as it responds to very specific demand. 

 South American repositioning takes advantage of the inverted season between the 
northern and southern hemispheres. In 2003, 19 cruise ships transited the Canal for 
this reason. Similar to Alaska repositioning, this segment also is characterized by 
strong seasonality. However, we do not expect rapid growth in demand for this 
segment, due to limited demand for South American itineraries. 

Competitive Environment 

The general competitive environment for the cruise industry consists of alternative 
travel/leisure offers (e.g., resorts, casinos). However, from the point of view of the 
Panama Canal, the competitive environment must include any factor that can affect the 
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total number of Canal transits, such as alternative routes, other Panama tourism options, 
and the economics of the cruise industry’s seasonal markets. 

Each market segment (by transit purpose), as identified in the analysis, faces different 
challenges that potentially could affect its use of the Panama Canal: 

 For market segments that rely on the Panama Canal’s attractiveness as a tourism 
destination, i.e., pendulum and turnaround services, the competitive environment is 
very diverse: 

– Alternative routes: If the Panama Canal loses market share against other tourism 
destinations, pendulum and turnaround transits could be drastically reduced.  

– Alternative Panama Canal visiting modes: One itinerary that is attractive in the 
market is the Caribbean Islands visit, which includes a visit to the Panama Canal 
that disembarks in Colon and crosses the Canal on an excursion boat or using the 
tour service offered by the Panama Canal Railway. Although such types of visits 
are good for the Panamanian tourism industry, they represent a major threat for 
the Panama Canal in this market segment, as they reduce the number of real 
transits. 

 For market segments that seek to maximize revenues by matching demand and supply 
across geographies and seasons, i.e., Alaska repositioning, around the world, and 
South America repositioning, the competitive environment is determined by the 
economics of each market in which ships operate. For example, one cruise line has 
clearly identified the profitability of placing a cruise ship in the Caribbean versus 
placing one in the Mexican Riviera during the winter season. The cruise line thus 
allocates its fleet in these two markets to maximize revenues. If any change occurs in 
the economics of these two markets, the cruise line will immediately reassess its fleet 
allocation to ensure the highest level of profitability is maintained. Thus, the 
competitive environment for these three segments is likely to be strongly influenced 
by the pricing and marketing strategies that the ACP pursues. 

The Panama Canal’s Strategic Role in the Cruise Industry 

As mentioned above, in the next 20 years, cruise activity is projected to triple worldwide, 
and the Panama Canal’s strategic location will place it squarely in the middle of this 
growth. The General Manager of the Instituto Panañemo de Turismo interviewed for the 
purposes of this study recognized that the tourism activity is projected to grow rapidly in 
Panama, and that the Cruise segment is one of the vehicles of this growth. 

As discussed above, the Panama Canal influences cruise line itinerary decisions on two 
levels: As a tourism destination and for purposes of economical repositioning. For cruise 
services focused on tourism, the greatest risks to the Canal are posed by changes in the 
attractiveness of the Canal as a destination and the growth of alternative Panama tour 
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options for cruise passengers. For repositioning services, where maximizing profitability 
is critical, the economics of using the Canal are most important.   

Canal expansion is seen as potentially beneficial to the industry; according to an industry 
association interviewed (Florida Caribbean Cruise Association) Post Panamax ships 
would probably be deployed in the Canal. The ability to accommodate bigger cruise ships 
would simplify the route/itinerary planning process and increase profitability for the 
cruise lines, by allowing for more flexibility in the ship allocation process. There is 
market concern, however, about the toll increases that would be required to offset such an 
enormous investment. The Panama Canal Authority must carefully evaluate its pricing 
policies to ensure it is responsive to cruise industry economics. 

2.  Analysis Overview 

The passenger cruise segment modeling effort provides comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, 
marketing/pricing actions, and Canal expansion cases. 

In terms of architecture, the passenger cruise demand model consists of six major 
components (Exhibit E-9): 

 Core trade forecasts: Calculates potential Canal demand by transit type and forecast 
year, for three macroeconomic scenarios. Potential Canal demand is derived from the 
North American (NA) cruise passenger demand forecast, detailed route data, 
historical trends, industry reports, and ACP data. 

 Trade adjustment model: Captures Mercer’s adjustments to the core trade forecasts, 
due to second-order effects on potential Canal demand. In the passenger cruise 
segment, these second-order effects manifest as changes in cruise vacation 
attractiveness, interest in the Canal as a tourist destination, and Panama Canal 
marketing/pricing actions. 

 Economic attractiveness model: The economic attractiveness model quantifies the 
critical components of the economic attractiveness of the different repositioning/ 
Canal visiting strategies. 

 Route allocation model: The route allocation model allocates potential Canal 
demand by transit type among alternate repositioning/Canal visiting alternatives, and 
calculates the Canal’s share of potential demand. 

 Fleet allocation model: This model determines future vessel mix by transit type in 
the passenger cruise segment and allocates Canal demand by transit type to the 
different ship size categories. 
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 Toll Revenue generation model: The toll revenue generation model calculates the 
number of transits and total toll revenues for the Canal by transit type, forecast year, 
macroeconomic scenario, and Canal expansion scenario. 

Exhibit E-9 
Integrated Demand Model Components 
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The following sections provide a step-by-step summary of the modeling methodology for 
each of the six components. 

3.  Core Trade Model Methodology 

The core trade forecast predicts potential Canal demand by transit type and forecast year, 
based on the North America (NA) passenger demand forecast, detailed route data, 
industry reports, historical trends, and ACP data. The methodology used for constructing 
the passenger cruise core trade forecast is divided into three subtasks: 

 Develop a macroeconomic forecast of NA cruise passenger demand and emerging 
market demand 

 Break down passenger cruise demand into Canal-relevant segments (transit type) 
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 Determine potential Canal demand by transit type for the base year (2002) and 
extrapolate for each forecast year based on NA cruise passenger demand and 
emerging markets demand forecasts. 

The output for this model consists of potential Canal demand by transit type and forecast 
year, for three macroeconomic scenarios. 

Macroeconomic Forecast  

To construct the core trade forecast, Mercer evaluated the historical correlation of NA 
cruise passenger demand with macroeconomic variables that could logically drive that 
demand. The variables used were real US GDP, real US GDP per capita, real US private 
consumption, real US private consumption per capita, US population, and US 
unemployment.  

Historically, the evolution of real US private consumption correlates most closely with 
NA cruise passenger demand (R2 = 0.984) (Exhibit E-10). Thus, the macroeconomic 
forecast of the total number of NA cruise passengers was modeled as a function of real 
US private consumption for the three macroeconomic scenarios provided by DRI WEFA. 

Exhibit E-10 
Historical versus Forecast NA Cruise Passenger Demand, 1980-2002 
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Source: Cruise Lines International Association 2003 Spring Overview; DRI WEFA (DRI-WEFA, Global 
Macroeconomic and Trade Scenarios to 2025, March 2002), Mercer analysis. 

 

The equation used to extrapolate NA cruise passenger demand is: 
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NA Passenger Demand = 0.001801* Real Private Consumption Expenditure 
(millions of 1995) USD -4324.6 

The macroeconomic forecasts of NA cruise passenger demand (obtained for the three 
macroeconomic scenarios provided by DRI WEFA) were not constrained in their growth, 
as they do not include other factors that impact and constrain NA cruise passenger 
demand growth, such as NA cruise market saturation. Mercer accounted for the NA 
market saturation factor by explicitly constraining three factors:6 

 The percentage of the NA population that would cruise for the first time in a given 
year (1.57 percent, 1.69 percent, and 1.45 percent for the probable, optimistic, and 
pessimistic scenarios respectively). 

 The percentage of past NA cruise passengers that would cruise again in the three 
years following the cruise experience (33 percent, 35 percent, and 31 percent for the 
probable, optimistic, and pessimistic scenarios respectively), and the percentage of the 
same cruise passengers that would cruise again in the fourth to sixth years following 
the cruise experience (scenario percentages are half of the stated percentages for the 
first three years). 

 The percentage of the NA population that have ever been on a cruise (29 percent, 32 
percent, and 26 percent for the probable, optimistic, and pessimistic scenarios 
respectively); once this value is reached, the number of past cruise passengers grows 
at the same pace as the NA population. 

Furthermore, Mercer adjusted the NA cruise passenger demand forecast to the cruise ship 
order book7 in order to realistically reflect the impact that future deployments of cruise 
capacity will have on the growth of cruise passenger demand (Exhibit E-11).  

A key factor impacting Canal demand for the cruise segment is the evolution of regional 
demand.  Growth in interest in cruising a specific region can have a significant impact on 
repositioning transits, such as for South America and Alaska. The impact of shifts in 
regional demand was modeled to drive the potential deployed capacity that will reposition 
due to demand seasonality. 

The forecast of NA passenger demand was divided into four regions: Alaska, Caribbean 
Gulf, New England, and NA Southwest Coast, based on information from industry 
statistical reports, detailed route data, and Mercer analysis (Exhibit E-12). 

Cruise passenger demand in emerging secondary source markets, such as South America, 
Asia/Pacific, and Europe, was predicted based on historical data, detailed route data, and 
                                                 
6 The constraint factors were obtained from CLIA’s “2002 Cruise Market Profile Study” and CLIA’s “2003 Fall 
Overview” subject to Mercer analysis. 
7 Source: GP Wild, Cruise Industry Statistical Review 2002; Cruise Lines International Association, 2003 Fall 
Overview 
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Mercer analysis. The forecast of passenger cruise demand for these secondary source 
markets was used to determine the evolution of regional demand that would impact 
repositioning patterns and thus potential Canal transits. 

Exhibit E-11 
NA Cruise Passenger Forecast – Constrained and  

Adjusted to Order Book, 1980-2025 
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Source: Mercer analysis. 
 

Exhibit E-12 
NA Cruise Passenger Demand Forecast by Region 
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Demand by Canal-Relevant Segment (Transit Types) 

In the passenger cruise segment there are essentially two reasons to transit the Canal: 

 As a tourist destination: Higher margin can be obtained in itineraries that transit the 
Canal. 

 For repositioning: Cruise ships are regularly repositioned in regions with higher 
operating margin potential, due to seasonal fluctuation of demand. 

In order to predict and model future transits and toll revenue for the Panama Canal 
originating from the passenger cruise segment, Mercer segmented the passenger cruise 
market by transit type, as follows: 

Tourist Destination Repositioning 

Pendulum 
Turnaround 

Alaska repositioning 
South America repositioning 
Around the world 

Potential Passenger Cruise Canal Demand 

To determine Canal demand by transit type for the base year (2002), Mercer used ACP 
databases, industry reports, and detailed route data. The methodology used to determine 
Canal demand for the base year was specific for each transit type. 

 Pendulum: Canal demand for pendulum transits for the base year (number of berths 
that transited the Canal in pendulum itineraries in 2002) was obtained from ACP 
databases, and analyzed and categorized by Mercer. 

 Turnaround: Turnaround Canal demand (number of berths that transited the Canal in 
turnaround itineraries in 2002) was obtained from ACP databases, and analyzed and 
classified by Mercer. 

 Alaska repositioning: Alaska repositioning Canal demand was measured as the total 
capacity deployed in Alaska during the summer months which must be redeployed to 
other areas in the winter months. Part of the capacity deployed in Alaska will transit 
the Canal to offer winter itineraries in the Caribbean Gulf. The deployed capacity in 
Alaska for the base year (2002) was estimated using industry reports and detailed 
route data. 

 South America repositioning: South America repositioning Canal demand was 
measured as the total capacity deployed in South America (mainly Chile, Antarctica, 
Argentina, and Brazil) usually originating from the Caribbean Gulf during the winter 
months, and traditionally redeployed to other areas in the spring (may or may not 
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transit the Canal). The deployed capacity in South America for the base year (2002) 
was estimated using industry reports and detailed route data. 

 Around the world and other: Canal demand for this type of transit was measured in 
total number of berths that transited the Canal during an around the world (or sporadic 
transit) itinerary in 2002. The deployed capacity for around the world and other 
transits was obtained from ACP databases, and analyzed and classified by Mercer. 

To obtain the core trade forecast by transit type and forecast year, Mercer extrapolated 
Canal demand estimated for each transit type for the base year, using the regional cruise 
passenger demand forecast. 

 Alaska repositioning demand was extrapolated based on the Alaska demand forecast. 

 South America repositioning demand was extrapolated using the South America 
demand forecast. 

 Turnaround demand was extrapolated based on the Caribbean Gulf demand forecast. 

 Pendulum and around the world/other was extrapolated based on the NA demand 
forecast. 

The output of this model consists of potential Canal demand by transit type and forecast 
year, for three macroeconomic scenarios (base year through 2025). 

 

4.  Trade Adjustment Model 

The core macroeconomic trade forecast described in the preceding section is solely based 
on aggregate macroeconomic scenarios, without explicitly capturing the impact of 
customer preferences and Canal pricing actions. The trade adjustment model captures 
Mercer’s adjustments to the core trade forecasts due to second-order effects on Canal 
demand, manifested as: 

 Changes in cruise vacation attractiveness: Future growth in cruise passenger 
demand depends on the perceived security, entertainment, and “glamour” that the 
cruise vacation concept conveys to the end customer. Events that undermine cruise 
vacation attractiveness will reduce growth in the number of cruise passengers. 

 Interest in the Canal as a tourist destination: Future growth in demand for cruise 
itineraries that visit the Panama Canal (where the Canal is mainly a tourist 

Cruise passenger 
demand forecast Core trade forecastTransit type identification 

/ quantification 
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destination) is estimated in order to predict the number of passengers that will visit the 
Canal for each forecast year. 

 Panama Canal marketing/pricing actions: Panama Canal marketing/pricing 
scenarios will be a major driver in determining future Canal demand for some types of 
transits (e.g., pendulum transits). 

To ensure that the Canal forecasts are robust and reliable, it is critical to account for these 
second-order effects on demand that are not explicitly part of the macroeconomic 
scenarios. Mercer developed a trade adjustment matrix to model second-order effects on 
overall Canal demand: 

 The trade adjustment factors were developed as multiples of the core trade forecast 
and are specific by transit type and forecast year, and Canal expansion case. 

 A factor of 1.0 maintains the core trade demand forecast, while a factor greater or less 
than 1.0 decreases or increases core trade. 

The outputs of the trade adjustment model are modifications to the core trade forecasts in 
response to changes in the second-order effects listed above.   

Pendulum = fn (Changes in cruise vacation attractiveness, interest in the 
Canal as a tourist destination, Panama Canal marketing/ pricing actions) 

Turnaround = fn (Changes in cruise vacation attractiveness, interest in the 
Canal as a tourist destination, Panama Canal marketing/pricing actions) 

Alaska Repositioners = fn (Changes in cruise vacation attractiveness) 

South America Repositioners = fn (Changes in cruise vacation 
attractiveness) 

Around the world & other = fn (Changes in cruise vacation attractiveness, 
Panama Canal marketing/pricing actions) 

The core trade forecast matrices are multiplied by corresponding elements in the 
adjustment factor matrices specific to the transit type and forecast year to derive the 
adjusted total potential Canal trade forecasts. 

 

Core trade 
forecast 

Adjustment factor 
matrices

Adjusted potential 
Canal demand X
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5.  Economic Attractiveness Model 

The economic attractiveness model quantifies the critical components of economic 
attractiveness of different repositioning/Canal visiting strategies. All key drivers 
necessary to estimate the relative attractiveness of the alternate repositioning regions and 
Canal visiting alternatives (Canal transit versus shore excursion visit) are included. The 
critical components of the economic attractiveness model are: 

 Voyage revenues:  Voyage revenues are a key factor in decisions regarding 
repositioning and Canal visiting decisions. Average voyage revenues were derived 
from revenues per passenger per day per region, and estimated based on industry 
data.8 

Voyage revenue per day was modeled considering a negative elasticity curve between 
additional cruise capacity offered and revenues per passenger per day. In parallel, 
cruise passenger demand was modeled considering a negative elasticity curve 
between cruise price increases and cruise passenger demand (the elasticity curves 
were drawn from industry data9) (Exhibit E-13). 

Exhibit E-13 
Elasticity Between Price Increase and Cruise Passengers 
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8 Source: ICCL, the Contribution of the North American Cruise Industry to the US Economy in 2002. 
9 Source: CLIA, 2001 Cruise Prospect Study. 
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 Transport fees:  Fees that must be considered are those costs specific to a particular 
repositioning region or Canal visiting alternative.  In the passenger cruise segment, 
these fees are the Panama Canal tolls. 

 Voyage cost:  As the route allocation model uses a relative margin attractiveness 
analysis per region to allocate potential demand to different regions, voyage costs are 
not relevant to the model: they are assumed equal between regions and thus do not 
impact routing decisions. 

The economic attractiveness model provides as an output the quantification of the 
identified drivers. These outputs serve as key inputs to the route allocation model.  

 6.  Route Allocation Model 

The route allocation model allocates potential Canal demand by transit type among the 
alternate repositioning/Canal visiting alternatives. The goal of this effort is to identify and 
capture the impact on the Canal’s share of potential shifts in regional demand and ACP 
pricing and marketing strategies, and understand the variability of that share under 
various assumptions (rather than develop a detailed operational model of 
repositioning/Canal visiting choice decisions). 

Mercer’s approach to the development of the route allocation model consisted of two key 
subtasks: 1) determining the Panama Canal’s share of potential demand by transit type, 
and 2) estimating Canal demand by transit type.  

Canal Share of Demand for Relevant Trade Lanes 

Route allocation is a complex process from a cruise line’s standpoint, with a variety of 
factors affecting decisions, varying by transit type. The base year (2002) is considered an 
equilibrium situation, meaning that the Canal’s share in 2002 is considered to maximize 
the cruise lines’ revenue. Thus, maintaining all other factors constant (Canal tolls, 
regional demand, cruise prices) the Canal’s share by transit type would not change over 
time.   

 Pendulum: For this type of transit, the Canal’s share of total demand for relevant 
trade lanes is 100 percent, since this itinerary by definition must transit the Canal. The 
impact of changes in customer preferences and the Canal’s pricing and marketing 
policies are already captured in the trade adjustment matrix. 

 Turnaround: For turnaround transits, the route allocation model calculates the 
Canal’s share of potential turnaround demand, impacted by the ACP’s pricing actions. 
Depending on these pricing actions, cruise ships will either transit the Canal or call at 
a port in Panama and visit the Canal through shore excursions. 
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– Canal pricing actions: If the Canal’s tolls increase, the cruise lines will pass the 
extra cost directly to customers in the form of higher pricing, in order to maintain 
profitability. To calculate the Canal’s share of potential demand, Mercer utilized 
historical Canal share corrected by the elasticity between cruise pricing and 
passenger demand. 

 Alaska repositioning: Traditionally, the Alaska repositioners leave Alaska at the end 
of the summer and reposition to winter regions, such as the Caribbean Gulf and the 
Mexican Riviera. The route allocation model calculates the Canal’s share of Alaska 
repositioning capacity that balances the revenue per passenger per day in the 
Caribbean Gulf and the NA southwest regions (from a cruise line’s perspective), 
incorporating as drivers the evolution of regional demand and Canal pricing actions. 

– Regional demand: The Alaska repositioning capacity that transited the Canal (in 
the base year) is assumed to be in equilibrium with the regional demand for cruise 
capacity (east coast region versus west coast region). A shift in the regional 
demand equilibrium impacts the Canal’s share of Alaska repositioning capacity 
proportionally to the shift in demand between regions. The regions considered for 
the Alaska repositioning transit type are the east coast region (includes Caribbean 
Gulf, New England, and Europe) and the west coast region (includes NA 
southwest, Hawaii, and Asia & Pacific). 

– Canal pricing actions play a very important role in cruise lines’ repositioning 
decisions. The cruise lines decide to reposition their ships from Alaska to the NA 
Southwest and to the Caribbean Gulf up to the point that the revenue per 
passenger per day (net of tolls) is equal in both regions, taking in to account 
price’s elasticity to demand. The equation used to calculate the Canal traffic is: 

PriceWregion fn (DemandWregion , extra Canal traffic) = PriceEregion fn 
(DemandEregion, extra Canal traffic, Canal tolls) 

PriceWregion – Price in the NA southwest region adjusted for extra Canal traffic 

PriceEregion – Price in the Caribbean Gulf region adjusted for extra Canal traffic and Canal tolls 

DemandWregion – Demand in the NA southwest region 

DemandEregion – Demand in the Caribbean Gulf region 

Extra Canal traffic – Additional Alaska repositioning capacity that transits the Canal 

 South America repositioning: Traditionally, the South America repositioners leave 
the Caribbean Gulf in the winter to offer itineraries in South America. The route 
allocation model calculates the Canal’s share of South America repositioning capacity 
that balances the revenue per passenger per day in the Caribbean Gulf and the South 
American regions (from a cruise line’s perspective), incorporating as drivers the 
evolution of regional demand and Canal pricing actions. 
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– Regional demand: South America repositioning capacity that transited the Canal 
(in the base year) is assumed to be in equilibrium with regional demand for cruise 
capacity. A shift in regional demand equilibrium impacts the Canal’s share of 
South America repositioning capacity proportionally to the shift in demand 
between regions. The regions considered for the South America repositioning 
transit type are the Caribbean Gulf and South America. 

– Canal pricing actions play a very important role in the cruise lines’ repositioning 
decisions. The cruise lines decide to reposition their ships from the Caribbean 
Gulf to the South American regions up to the point that the revenue per passenger 
per day (net of tolls) is equal in both regions, taking in to account price’s elasticity 
to demand. The equation used to calculate Canal traffic is: 

PriceEregion fn (DemandEregion , extra Canal traffic) = PriceWregion fn 
(DemandWregion, extra Canal traffic, Canal tolls) 

PriceWregion – Price in the South America region adjusted for extra Canal traffic and Canal 
tolls 

PriceEregion – Price in the Caribbean Gulf region adjusted for extra Canal traffic 

DemandWregion – Demand in the South America region 

DemandEregion – Demand in the Caribbean Gulf region 

Extra Canal traffic – Additional South America repositioning capacity that transits the 
Canal 

 Around the world and other: In this type of transit, the Canal’s share is considered 
to be 100 percent, since the potential demand considered in this transit type only 
accounts for itineraries that transit the Canal. The impact of changes in customer 
preferences and the Canal’s pricing and marketing policies are already captured in the 
trade adjustment matrix. 

The output of the route allocation model consists of the Panama Canal’s share by transit 
type and forecast year, and by Canal expansion scenario, allowing Canal demand to be 
determined. The Canal’s share is specified as a percentage of total trade within the trade 
dimensions identified above. Variability of key drivers is modeled mainly as potential 
pricing strategies implemented by the ACP. 

Canal Volume Estimate 

Adjusted trade forecast matrices are multiplied by corresponding Canal shares to derive 
Canal traffic volumes. 

The key outputs of the route allocation model are Panama Canal shares by transit type, 
forecast year, and Canal expansion case, and specified as a percentage of total trade. As 
noted above, adjusted trade forecast matrices are then multiplied by corresponding Canal 
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shares to derive Canal demand. Canal demand has been developed to be specific to transit 
type, forecast year, macroeconomic scenario, and Canal expansion case. 

 

7.  Fleet Allocation Model  

The fleet allocation model determines the future vessel mix (ship size categories) for each 
transit type and allocates Canal passenger demand by transit type to the different ship size 
categories. 

Mercer’s approach to the development of the fleet allocation model consisted of two key 
subtasks: 1) determining vessel mix distributions for Panama Canal transit types, and 2) 
allocating Canal demand by transit type to each ship size category. 

Vessel Mix Distribution Forecast 

This subtask involved determining the evolution of vessel mix for each transit type in the 
passenger cruise segment over the forecast horizon.  Mercer’s approach for this task 
consisted of the following steps: 

 Determine current vessel mix by transit type: The current vessel mix by transit 
type was determined based on Mercer’s breakdown of the ACP transit database into 
the different cruise vessel categories and transit types. 

Cruise vessel Categories Total Berths 
Category 1 Up to 500 Berths 

Category 2 From 501 to 1,500 

Category 3 From 1,501 to 2,500 

Category 4 From 2,501 to 3,000 

Category 5 More than 3,001 

 

 Determine future vessel mix by transit type: Based on the above analysis, Mercer 
then estimated the potential evolution of vessel mix by transit type. Based on Canal 
demand for each transit type and the respective vessel mix, Canal vessel mix was 
determined. This methodology used a demand approach to estimate future Canal 
vessel mix, since different transit types have specific vessel mix evolution and 
demand growth series, both of which impact Canal vessel mix more than other factors 
traditionally used in other segments (e.g., scrapping, newbuilds, fleet age, vessel 
utilization). 

Panama Canal 
demand 

Panama Canal share 
as % of potential Canal 

demand 
XAdjusted potential 

Canal demand 
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The output of this task is the share of each ship size category per forecast year and 
Panama Canal transit type. 

Passenger Allocation on Each Trade Lane by Ship Size 

Obtaining passengers per ship size category involves multiplying Panama Canal demand 
by transit type by the corresponding ship size category distributions, to derive Canal 
traffic by ship size category. 

The output of the fleet allocation model is the vessel mix, broken out by transit type, 
forecast year, macroeconomic scenario, and Canal expansion scenario. 

Information on Canal demand was combined with ship size distributions to derive Canal 
traffic demand by individual ship size category. 

 

8.  Toll revenue Generation Model 

The toll revenue generation model determines Panama Canal transits and toll revenues by 
transit type and in aggregate. Mercer’s approach to the development of a Canal toll 
revenue forecast consisted of two key steps: 

 Determine Canal transits by ship size category and Canal transit type:  Actual 
transits on the Panama Canal by ship size category for each transit type were derived 
using Canal demand information and average lower berths by transit type. 

The equation for deriving transits for the cruise segment is: 

Canal transits by transit type and ship size category = (lower berths by transit 
type)/(Average vessel lower berths by transit type)) * vessel mix 

 Translate transits into toll revenues by ship size category and transit type:  The 
transits by ship size category and transit type were combined with conversion factors 
to derive total PCUMS movements through the Canal.  This information was 
integrated with the Canal tolls (tolls also based on PCUMS), to derive Canal toll 
revenues. The toll revenue forecast is broken out by transit type, ship size category, 
forecast year, macroeconomic scenario, and Canal expansion scenario. 

The equation for deriving toll revenues for the passenger cruise segment is: 

Toll revenues = Transits * Average PCUMS per transit * Tolls per PCUMS 

Panama Canal demand Ship size distribution
Panama Canal demand

by ship size categoryX
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The key outputs of the toll revenue generation model are total Panama Canal transits and 
toll revenues by individual transit type and aggregated for the Canal as a whole. 

 

9.  Scenario Forecasting Methodology 

The passenger cruise model includes a scenario forecasting tool which can be used to 
forecast cruise segment Canal demand under a variety of scenarios. The scenario 
forecasting tool utilizes groups of key scenario variables that impact cruise segment 
demand.  

Scenario Groups 

For this study, Mercer defined five groups of scenario variables: 

 North American cruise passenger demand forecast: Different macroeconomic 
scenarios (DRI WEFA, as provided by the ACP) and different NA cruise market 
saturation levels will impact the forecast of NA cruise passenger demand. 

 Cruise vacation attractiveness: The total number of cruise passengers will vary 
based on a factor that represents the perceived security, entertainment, and “glamour” 
of the cruise vacation concept to potential passengers. 

 Canal as a tourist attraction: Impacts the number of cruise passengers that will be 
willing to visit the Panama Canal as a tourist destination. 

 Canal pricing: Directly affects future Canal demand for pendulum, turnaround, 
around the world and other transit types, since toll price variation impacts the price 
that end customers would have to pay (and thus affects passenger demand). For 
Alaska and South America repositioning transit types, Canal pricing impacts route 
allocation decisions, based on the cost of Canal transits versus other repositioning 
options available to the cruise lines (e.g., Alaska repositioners can reposition to the 
NA southwest region or to the Caribbean Gulf; South America repositioners can stay 
in the Caribbean Gulf or reposition to South America). Additionally, for the 
turnaround transit type, Canal pricing impacts the number of passengers that will visit 
the Canal through shore excursions or through a true Canal transit, since toll price 
variation impacts the price that end customers would have to pay for a true Canal 
transit. 

Panama Canal demand 
by ship size and

transit type 

Panama Canal transits 
by ship size category 

and transit type

Total Panama Canal 
transits and revenues
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 Canal expansion case: Impacts Canal tourist attractiveness as well as the future 
vessel mix for Alaska repositioning and turnaround transit types. 

– Canal tourist attraction: Once completed, the expansion of the Canal would 
have a positive impact on tourism, as both new visitors and past Canal visitors 
would be interested in visiting the new locks.  

During the construction period, there is no clear indication as to whether the 
adverse environment produced by the Canal’s works would affect the Canal’s 
attractiveness to tourists. 

– Fleet mix by transit type: The expansion of the Panama Canal would have a 
minor impact on the fleet mix of the different transit types. The transit types that 
potentially would deploy ships that previously would not fit in the Canal locks 
would be the turnaround and Alaska repositioners. For other transit types, i.e., 
pendulum, South America repositioners, and around the world & other, the small 
ship sizes currently used make it unlikely that Canal expansion will impact future 
vessel mix. 

Scenario Variables 

Each scenario group is formed by one or more key variables explicitly modeled as 
scenario variables, providing the ACP with a range of possible results (completely 
available once the cruise model is integrated with the investment-grade forecast) rather 
than discrete result points that do not provide a precise idea of the true variation of the 
final results. The scenario variables are built in, with three selectable levels – probable, 
optimistic, and pessimistic. 

 NA cruise passenger demand forecast: This scenario group is formed by a 
macroeconomic forecast variable and three NA market saturation variables. 

– US private consumption: Used to extrapolate NA cruise passenger demand. The 
US private consumption data series used in the passenger cruise model comes 
from DRI WEFA (DRI-WEFA, Global Macroeconomic and Trade Scenarios to 
2025, March 2002) in the form of three scenarios. 

– Saturation of the NA cruise market: Mercer accounted for the saturation of the 
NA cruise market by explicitly constraining three factors:10 

- The percentage of the NA population that would cruise for the first time in a 
given year (1.57 percent, 1.69 percent, and 1.45 percent for the probable, 
optimistic, and pessimistic scenarios respectively). 

                                                 
10 The constraint factors were obtained from CLIA’s “2002 Cruise Market Profile Study” and CLIA’s “2003 Fall 
Overview,” subject to Mercer analysis. 
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- The percentage of past NA cruise passengers that would cruise again in the 
three years following the cruise experience (33 percent, 35 percent, and 31 
percent for the probable, optimistic, and pessimistic scenarios respectively), 
and the percentage of the same cruise passengers that would cruise again in 
the fourth to sixth years following the cruise experience (scenario 
percentages are half of the stated percentages for the first three years). 

- The percentage of the NA population that have ever been on a cruise (29 
percent, 32 percent, and 26 percent for the probable, optimistic, and 
pessimistic scenarios respectively); once this value is reached, the number of 
past cruise passengers grows at the same pace as the NA population. 

 Cruise vacation attractiveness: Includes a single factor (0 percent, 1 percent, and 
minus 1 percent for the probable, optimistic, and pessimistic scenarios respectively) 
that cumulatively impacts total cruise passenger demand. 

 Canal as a tourist attraction: This scenario group is formed by factors (from zero to 
one) that cumulatively will impact future demand for pendulum and turnaround transit 
types. These factors will be different for each of the transit types and for the 2004-
2010 and 2011-2025 periods. 

 Probable Optimistic Pessimistic 
Turnaround (until 2010) 4.7% 4.7% -2.0% 

Turnaround (after 2010) 0.3% 4.7% -1.3% 

Pendulum (until 2010) -18.6% 3.0% -18.6% 

Pendulum (after 2010) 0.0% 3.0% -18.6% 

 

 Canal expansion case: This is essentially a “yes/no” scenario. If the Canal is 
expanded, Canal demand for pendulum and turnaround transits would increase by a 
factor specific for each forecast year (distinct for years 1-5, 6-10, and 11-15). 

Expansion Canal Case 
Canal Tourist Attraction Demand 
Increase 

First 5 years 10% 

6-10 years 7.5% 

11-15 years 5% 

The expanded Canal case would also impact vessel mix for the Alaska repositioning 
and turnaround transit types; the future vessel mix for these transit types would 
include vessels that would not fit through the unexpanded Canal locks (category 5 
ships). 
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 Vessel Mix in 2025 

 Alaska Repositioning Turnaround 

Ship Size 
Unexpanded 

Canal 
Expanded 

Canal 
Unexpanded 

Canal 
Expanded 

Canal 

Category 1 15% 15% 0% 0% 

Category 2 5% 5% 5% 5% 

Category 3 55% 55% 80% 80% 

Category 4 25% 22% 15% 10% 

Category 5 0% 3% 0% 5% 

10.  Passenger Cruise Forecast Results 

This section provides a summary of the results of the passenger cruise forecast, for each 
of the described scenarios and expanded Canal cases, for a 2002-2025 timeframe. 

Total Passengers 

Canal demand in terms of total cruise capacity is presented for the three scenario levels, 
for the unexpanded and expanded Canal cases, and for a 2002-2025 timeframe. The 
results are measured in maximum ship berth capacity. 

Probable Scenario 

Total cruise passenger Canal demand will grow by 157 percent over the forecast period 
(from 246,000 berths in 2002 to 633,000 berths in 2025) (Exhibit E-14). The increase in 
passengers will be generated primarily by turnaround and Alaska repositioning transits 
(accounting for 48 percent and 31 percent of total Canal cruise passengers in 2025, 
respectively). Around the world and South America repositioning transits will represent a 
small percentage of total cruise passenger traffic throughout the forecast period 
(accounting for 8 percent and 9 percent of total Canal cruise passengers in 2025, 
respectively). Pendulum transits will consistently lose share to turnaround transits (as the 
latter is a cheaper and quicker way to transit the Canal). 
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Exhibit E-14 
Cruise Berth Canal Demand – Probable Scenario 

(total berths in thousands) 
 

Unexpanded                    Expanded 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

Under the expanded Canal case, turnaround and pendulum transit types would generate 
increased berth demand of 2.5 percent in 2025 (versus the unexpanded case), due to 
increased interest in visiting the Canal’s new locks. 

Optimistic Scenario 

Total cruise passenger Canal demand will grow by 581 percent in the forecast period 
(from 246,000 berths in 2002 to 1.68 million berths in 2025) (Exhibit E-15). Visiting the 
Canal as a tourist attraction (turnaround and pendulum transit types) will be the main 
source of increased berths (accounting for 55 percent and 19 percent of total Canal cruise 
berths in 2025, respectively). Alaska repositioning will also represent an important 
market, accounting for 18 percent of total Canal cruise berths in 2025, although this 
represents a smaller share of growth than in the “probable” scenario. 
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Exhibit E-15 
Cruise Berth Canal Demand – Optimistic Scenario 

(total berths in thousands) 

 

Unexpanded                       Expanded 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

Under the expanded Canal case, turnaround and pendulum transit types would generate 
increased berth demand of 2.3 percent in 2025 (versus the unexpanded case), due to 
increased interest in visiting the Canal’s new locks.  

Pessimistic Scenario  

The pessimistic scenario forecasts a 32 percent (5 percent if 2003 is considered as the 
base year) increase in Canal demand in terms of cruise berths (from 246,000 berths in 
2002 to 325,000 berths in 2025) (Exhibit E-16). While cruise berth demand will not 
increase much in this scenario (if 2003 is considered as the base year), Canal demand by 
transit type will change significantly, as this scenario forecasts that pendulum transits 
would fall to nearly zero while Alaska repositioning would increase its share of total 
cruise berths to 41 percent (from 24 percent in 2002). 
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Exhibit E-16 
Cruise Berth Canal Demand – Pessimistic Scenario 

(total berths in thousands) 

 

Unexpanded                      Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

Under the expanded Canal case, turnaround and pendulum transit types would generate 
increased berth demand of 1.9 percent in 2025 (versus the unexpanded case), due to 
increased interest in visiting the Canal’s new locks.  

 
Exhibit E-17 summarizes the total cruise passenger demand forecast for 2025 for all three 
scenarios. 

Exhibit E-17 
Cruise Berth Canal Demand – 2025 Forecast 

(total berths in thousands) 

 Probable Optimistic Pessimistic 
 Unexpanded Expanded Unexpanded Expanded Unexpanded Expanded 
Turnaround 306.3 321.0 922.3 950.0 102.6 108.6

Pendulum 24.5 25.8 313.6 324.9 0.8 1.1

Alaska Repositioning 196.6 196.6 309.5 309.5 134.7 134.7

SA Repositioning 57.7 57.7 56.9 56.9 54.0 54.0

Around the World 48.1 48.1 75.9 75.9 32.9 32.9

Total 633.1 649.1 1,678.2 1,717.2 324.8 330.5
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Vessel Mix 

Each transit type uses a specific vessel mix. The forecast Canal vessel mix will vary by 
scenario, based on the number of transits by transit type. 

Probable Scenario 

Future Canal vessel mix in the passenger cruise segment will see a large increase in 
transits of category 3 cruise ships (1,500-2,500 berths) and category 4 cruise ships (2,501-
3,000 berths), at the expense of transits of category 1 and 2 cruise ships (1-500 berths and 
501-1,500 berths, respectively) (Exhibit E-18).  This trend will be driven by the use of 
larger ships for turnaround and South America repositioning transits as well as by a 
reduction in the number of pendulum transits, which traditionally use smaller ships.  

Exhibit E-18 
Cruise Segment Canal Transit Vessel Mix – Probable Scenario 

(percent of total transits) 

 

Unexpanded                  Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

The Canal expansion case would have a minor impact on the Canal’s cruise vessel mix, 
by introducing a small percentage of category 5 cruise ships (more than 3,001 berths) into 
the mix (2.7 percent of total transits in 2025) at the expense of category 4 ships. 

Optimistic Scenario 

Under the optimistic scenario, the vessel mix transiting the Canal will not change 
significantly in the forecast period (considering 2003 as the base year), save for a slight 
increase in larger ships (Exhibit E-19). 
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Exhibit E-19 
Cruise Segment Canal Transit Vessel Mix – Optimistic Scenario 

(percent of total transits) 

 

    Unexpanded                    Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

The Canal expansion case would have only a minor impact on vessel mix under the 
optimistic scenario, by introducing a small percentage of category 5 cruise ships (more 
than 3,001 berths) into the mix (2.3 percent of total transits in 2025) at the expense of 
category 4 ships. 

Pessimistic Scenario 

The pessimistic scenario demonstrates a vessel mix evolution similar to that of the 
probable scenario, with smaller ship categories losing share to larger ship categories 
(Exhibit E-20). 
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Exhibit E-20 
Cruise Segment Canal Transit Vessel Mix – Pessimistic Scenario 

(percent of total transits) 

Unexpanded                   Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

The Canal expansion case would have only a minor impact on vessel mix, by introducing 
a small percentage of category 5 cruise ships (more than 3,001 berths) into the mix (2.3 
percent of total transits in 2025) at the expense of category 4 ships. 

Total Transits 

The forecast of total transits is presented for the three scenarios and the unexpanded and 
expanded Canal cases, over a 2002-2025 horizon. 

Probable Scenario 

Panama Canal cruise segment transits are projected to grow by 80 percent from 2002 to 
2025 (from 217 in 2002 to 390 in 2025), with turnaround and Alaska repositioning 
transits types representing the biggest share of total Canal cruise segment transits in 2025 
(38 percent and 27 percent respectively) (Exhibit E-21). 

Shares for the other three transit types in 2025 are forecast to be 14 percent for South 
America repositioning, 13 percent for around the world, and 9 percent for pendulum 
transits. Alaska and South America repositioning transits will grow the fastest over the 
period, while the total number of pendulum transits will decrease by two-thirds. 
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Exhibit E-21 
Cruise Segment Canal Transits – Probable Scenario 

 (total transits) 

 

Unexpanded                      Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

 

Under the expanded Canal case, turnaround and pendulum transit types would generate 
an additional four transits per year by 2025 (versus the unexpanded case), due to 
increased interest in visiting the Canal’s new locks, while Alaska repositioning transits 
would decrease by one per year (due to the deployment of larger ships). 

Optimistic Scenario 

Under the optimistic scenario, total transits will grow by 443 percent over the forecast 
period (from 217 in 2002 to 1,179 in 2025) (Exhibit E-22). Canal visiting transit types 
(turnaround and pendulum transits) will be the most relevant for the Panama Canal, with 
a 75 percent share of transits in 2025. Alaska repositioning would maintain a relatively 
high level of transits (14 percent of total); while around the world and South America 
repositioning would account for a 7 percent and 5 percent share of total transits in 2025, 
respectively. 
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Exhibit E-22 
Cruise Segment Canal Transits – Optimistic Scenario 

(total transits) 

 

 Unexpanded                      Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

 

Under the expanded Canal case, transits would increase by 17 per year by 2025 versus the 
unexpanded case, primarily due to an increase in pendulum transits. 

Pessimistic Scenario 

Under the pessimistic scenario, the total number of transits will drop by 5 percent in the 
forecast period (from 217 transits in 2002 to 206 transits in 2025) (Exhibit E-23). The 
drop is projected as a result of a continuous decline in interest in visiting the Panama 
Canal as a tourist attraction and a general reduction in interest in cruise vacations. 
Pendulum transits under this scenario are projected to decline from 98 per year in 2002 to 
one per year in 2025. Alaska and South America repositioning transits would show slight 
growth, accounting for 34 percent and 25 percent of total transits in 2025, while 
turnaround transits would remain about the same, accounting for 24 percent of total 
transits in 2025. 
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Exhibit E-23 
Cruise Segment Canal Transits – Pessimistic Scenario 

(total transits) 

 

Unexpanded                     Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

The Canal expansion case would increase turnaround and pendulum transits very slightly, 
with total transits in 2025 increasing by only one per year versus the unexpanded case. 

 

Total Toll revenues 

The toll revenue summary is presented for the three scenarios and the unexpanded and 
expanded Canal cases, over a 2002-2025 horizon. 

Probable Scenario 

Total toll revenues for the Canal from the cruise segment are projected to increase by 351 
percent over the forecast period (from US$18.8 million in 2002 to US$84.8 million 
dollars in 2025) (Exhibit E-24). The probable scenario forecasts that turnaround and 
Alaska repositioning transits types will account for US$65.9 million dollars or 78 percent 
of Canal toll revenues for the passenger cruise segment.  
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Exhibit E-24 
Cruise Segment Canal Toll revenues – Probable Scenario 

(nominal US$ millions) 

 

Unexpanded                    Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

Under the Canal expansion case, total annual toll revenues would increase by US$2.1 
million dollars (versus the unexpanded case), primarily generated by additional 
turnaround and pendulum transits. 

Optimistic Scenario  

Under the optimistic scenario, total toll revenues from the cruise passenger segment are 
projected to grow by nearly 1,088 percent over the forecast period (from US$18.8 million 
in 2002 to US$223.4 million dollars in 2025) (Exhibit E-25).  Drivers of this growth 
would be increased interest in cruise vacations and in visiting the Canal as a tourist 
attraction. Turnaround, pendulum, and Alaska repositioning transits are projected to 
account for 91 percent of Canal toll revenues in the passenger cruise segment in 2025 
(with 55 percent, 18 percent, and 18 percent shares of total toll revenues, respectively). 
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Exhibit E-25 
Cruise Segment Canal Toll Revenues – Optimistic Scenario 

(nominal US$ millions) 

   Unexpanded                 Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

 

Under the Canal expansion case, total annual toll revenues would increase by US$5.0 
million dollars (versus the unexpanded case), primarily generated by additional 
turnaround and pendulum transits. 

Pessimistic Scenario 

Under the pessimistic scenario, Canal toll revenues in the passenger cruise segment are 
projected to grow by 133 percent over the forecast period, from US$18.8 million in 2002 
to US$43.8 million dollars in 2025 (note: 61 percent toll revenue growth from 2003 to 
2025) (Exhibit E-26). The drivers of this slowed growth would be a decline in interest in 
visiting the Panama Canal as a tourist attraction and a general reduction in interest in 
cruise vacations. Turnaround and Alaska repositioning are projected to account for 
US$30.8 million or 70 percent of total cruise segment Canal toll revenues in 2025. 
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Exhibit E-26 

Cruise Segment Canal Toll Revenues – Pessimistic Scenario 
(Nominal US$ millions) 

Unexpanded                      Expanded 

 

 

 

 

 

 

 

Source: Mercer passenger cruise forecast model. 

Under the Canal expansion case, total annual toll revenues would increase by 
US$841,000 dollars (versus the unexpanded case), primarily generated by additional 
turnaround transits. 

 

11.  Sensitivity Analysis 

This section of the report analyzes the sensitivity of future Canal toll revenues in the 
passenger cruise segment for each of the scenario groups, by identifying which of the 
scenario variables pose the greatest risk to future Canal toll revenue generation. 

North American cruise passengers forecast: impacts the Canal’s toll revenues for the 
passenger cruise segment by 22 percent for the optimistic scenario and -11 percent for the 
pessimistic scenario: both values forecast for 2025. 
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Exhibit E-27 
NA Cruise Passengers Scenario – Impact on Canal Toll Revenues 

(Nominal US$ millions) 
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Source: Mercer passenger cruise forecast model. 

Cruise vacation attractiveness:  impacts the Canal’s toll revenues by 24 percent for the 
optimistic scenario and -20 percent for the pessimistic scenario; both values forecast for 
2025 (Exhibit E-28). 

Exhibit E-28 
Cruise Vacation Attractiveness Scenario – Impact on Canal Toll Revenues 

(Nominal US$ millions) 
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Source: Mercer passenger cruise forecast model. 
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Canal as a tourist attraction: impacts the Canal’s toll revenues by 71 percent for the 
optimistic scenario and -28 percent for the pessimistic scenario; both values forecast for 
2025 (Exhibit E-29). 

Exhibit E-29 
Canal Tourist Attraction Scenario – Impact on Canal Toll Revenues 

(Nominal US$ millions) 
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                                      Source: Mercer passenger cruise forecast model. 

Canal expansion case: The Canal expansion case impacts the Canal’s toll revenues for 
the various scenarios by about 2 percent in 2025 (Exhibit E-30). The Canal expansion 
case has a higher impact on the Canal’s toll revenues closer to the opening of the new 
locks, as the impact of increased tourist interest in visiting the Canal will be higher in the 
years following the opening of the new locks. 
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Exhibit E-30 
Canal Expansion Case – Impact on Canal Toll Revenues by Scenario 

(impact as a percent of total Canal nominal toll revenues) 
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Source: Mercer passenger cruise forecast model. 

Analysis of variation in the Canal’s toll revenues for the three scenario groups (probable, 
optimistic, pessimistic) indicated that Canal’s attractiveness as a tourism destination is 
one of the most important factors impacting toll revenue (Exhibit E-31).  Cruise vacation 
attractiveness and the NA cruise passenger forecast impact total Canal toll revenue nearly 
as much for the optimistic scenario, but cruise vacation attractiveness has a greater 
negative impact on toll revenues in the pessimistic scenario. The Canal expansion case 
has a fairly low impact on Canal toll revenues, around 2 percent in 2025. 
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Exhibit E-31 
Impact of Scenario Groups on Canal Probable Toll Revenues 

(impact as a percentage of total probable toll revenues) 
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Source: Mercer passenger cruise forecast model. 

The combined impact of selecting the entire scenario group under the optimistic or 
pessimistic case has a greater impact than changing each scenario variable alone (Exhibit 
E-32). The optimistic scenario group has a total impact of 164 percent on the Canal’s toll 
revenues, while the pessimistic scenario group has a total impact of -48 percent on the 
Canal’s toll revenues for the cruise segment. 

In the combined optimistic scenario, Canal expansion would provide a small increase in 
total toll revenues. The expanded Canal case has a reduced impact on toll revenues for the 
combined pessimistic scenario, as the main impact of the expanded Canal would be to 
raise interest in visiting the Canal as a tourist attraction, which would be offset by a 
slowdown in transits and toll revenues under the pessimistic case.  
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Exhibit E-32 
Impact of Combined Scenarios on Canal Toll Revenues  

(nominal US$ millions) 
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                Source: Mercer passenger cruise forecast model. 

12.  Marketing/Pricing Insights 

This section describes the various marketing/pricing schemes available to the ACP to 
influence market conditions/demand and target specific customer segments in the 
passenger cruise segment. 

ACP pricing has undergone a number of evolutions in the past few years, mainly focused 
around increasing prices, although the latest pricing scheme change included the 
foundations of a pricing structure that would enable different toll prices to be charged for 
different Panama Canal customer segments. Presently, the Canal pricing scheme uses 
PCUMS units (with a three-level quantity discount) to determine transit tolls; unit pricing 
is the same across segments. 

The ACP has numerous pricing schemes and pricing dimensions available to target and 
segment its customers. The key issue lies in selecting a pricing scheme that allows the 
ACP to capture extra toll revenue from its market segments while respecting permanent 
neutrality treaties and other legal/regulatory issues currently in effect. Pricing scheme 
dimensions can be divided into two categories: those having to do with the unit in which 
the Canal toll is charged and those having to do with the way in which the ACP 
differentiates and targets its customers.  
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Summary 

The ACP will need to analyze Canal toll unit and cruise line targeting/segmentation 
options together to determine which would be the most promising to implement in the 
future. The ACP will have to consider the full impact of the different options on various 
transit types and on specific cruise line customers.  

The characteristics of the different transit types are such that the ACP can efficiently 
target individual types with specific pricing and marketing mechanisms. For example, 
repositioning transit types are less sensitive to toll variation, and thus may be able to 
absorb higher prices. Canal tourism transit types, which pass the toll on to the end 
customer, are more sensitive to pricing changes; for these transit types, encouraging 
greater transit frequencies through discounts may make more sense. 

Finally, the ACP will have to decide whether to negotiate individual contracts with its 
customers. Long-term contracts with key customers would be a powerful means of 
ensuring steady Canal demand, which would be of particular importance in the case of 
Canal expansion. 
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Appendix F  

Summary: Vehicle Carrier Segment Analysis 

Overview of the Vehicle Carrier Market Segment 

The vehicle carrier industry has undergone significant consolidation in recent years, with 
the six largest companies, NYK, MOL, Eukor, WWL, K-Line and HUAL, together 
accounting for more than 90 percent share of the global deep-sea vehicle carrier industry.1 
The competitive situation in the car carrier market has been relatively stable for a number 
of years, and the market shares of the main operators have only seen minor changes. 

In 2003, around 60.6 million motor vehicles were produced worldwide, an increase of 2.6 
percent over the previous year,2 while global sea vehicle shipments were on course to 
surpass 8.7 million vehicles. The largest export regions for new cars are Asia, Europe and 
the US, with around 80 percent of total shipments originating in Asia. Although new 
vehicle sales fell slightly in the United States and Western Europe in 2003, imports have 
continued to increase their market shares at the expense of domestic manufacturers in 
these two major markets. US imports of Japan-built cars have slowed due to a 
combination of lackluster demand and increasing relocation of plants to North America. 

Within the vehicle carrier industry, the Panama Canal plays an important role, facilitating 
supply for US demand on both coasts and direct service to the West Indies and the West 
Coast of South America from Asia. The Panama Canal vehicle carrier market segment is 
primarily influenced by North American vehicle sales activity. During 2002, around 773 
vehicle carriers transited the Canal, generating approximately $84.1 million in tolls.3 In 
the next 22 years, vehicle carrier activity is projected to double worldwide, and the 
Panama Canal’s strategic location will ensure its role in this growth. 
                                                 
1 Source: LEIF HOEGH & Co. 2003 annual report. 
2 Source: International Organization of Motor Vehicle Manufacturers (OICA). 
3 Source: ACP, Tráfico de Naves a Traves del Canal de Panamá por Segmento de Mercado, Año Fiscal 2002 – 2003. 
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Vehicle Carrier Market Traffic and Revenue Forecast 

Mercer’s methodology for the study was designed to deliver comprehensive, integrated 
demand forecasts for a variety of scenarios, including macroeconomic conditions, car 
manufacturers’ trends, and Canal expansion cases. Model methodology and scenario 
development are discussed in detail in Appendix F. For the three primary market scenario 
groups developed by Mercer – probable, optimistic, and pessimistic – while maintaining 
the macroeconomic scenario in the most probable case, Mercer’s forecast is summarized 
below. 

 Probable scenario: The probable scenario forecasts an increase in transits of 50 
percent, from 773 in 2002 to 1,157 in 2025. In terms of nominal revenues, the 
probable scenario forecast an increase of 162 percent, from US$84.1 million in 2002 
to US$220 million in 2025.  

 Optimistic market scenario: The optimistic market scenario forecasts an increase in 
transits of 93 percent, from 773 in 2002 to 1,490 in 2025. In terms of nominal 
revenues, this scenario forecasts an increase of 242 percent, from US$84.1 million in 
2002 to US$288 million in 2025. 

 Pessimistic market scenario: In the pessimistic market scenario, the vehicle carrier 
model forecasts an increase in transits of only 15 percent, from 773 in 2002 to 888 in 
2025. In terms of nominal revenues, the probable scenario forecast an increase of 97 
percent, from US$84.1 million in 2002 to $166 million in 2025. 

In the case of the expansion of the Canal, Mercer projects that a few post-Panamax ships 
would be deployed on Canal routes for vehicle trade. However, the total number of 
transits and revenues for the Canal in this case would not change significantly. 

Marketing/Pricing Insights 

Toll sensitivity: An increase in Canal tolls would cause vehicle carrier shipping 
companies to reassess whether to ship more vehicles on direct routes and distribute in the 
US through the intermodal system, rather than transiting the Canal and delivering the 
vehicles to US ports closer to final demand centers. 

A toll increase would potentially impact US imports from Europe and Asia that use the 
Canal. However, for small toll increases, Mercer considers that the specialized port 
infrastructure already in place would act as a natural brake for shifting route decisions. 

The Asia to West Indies Canal route would be less sensitive to a Canal toll increase, as 
this trade route is mostly captive to the Canal, with the Suez route representing a remote 
alternative to Asian vehicle shipping to this region. 

Traffic risk and sensitivity factors: For US imports from Asia and Europe, vehicle carrier 
traffic would be most impacted by: 
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 Plant relocation: Asian and European manufacturers relocating plants to the US 
would highly impact Canal traffic, as vehicle imports would be reduced on these trade 
lanes. 

 Voyage costs: The balance between future increases in sea voyage costs and 
intermodal costs would heavily impact vehicle carrier traffic for the Canal, as a 
decrease in intermodal costs relative to sea voyage costs would reduce the 
attractiveness of the Panama Canal route. 

 Cargo value: An increase in the financial value of vehicles would reduce Panama 
Canal route attractiveness, as the intermodal route is quicker than the all water Canal 
route. 

The Asia to West Indies route is primarily captive to the Canal route. No major risks are 
anticipated for this trade route. 
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Vehicle Carrier Segment Analysis Detail 

1.  Background 

The vehicle carrier segment consists of the movement by sea of automobiles and other 
vehicles. International maritime trade in vehicles essentially began with Japan’s 
investment into car manufacturing after World War II. As economies of scale are critical 
to car manufacturing, Japanese manufacturers, such as Nissan and Toyota, realized that 
exporting a large part of their production was essential to increasing scale and lowering 
per-vehicle costs.  

Today, governments contend with each other to attract car manufacturing plants, which 
represent a long-term investment on the part of manufacturers. In 2003, around 60.6 
million motor vehicles were produced worldwide, an increase of 2.6 percent over the 
previous year,4 while global sea vehicle shipments were on course to surpass 8.7 million 
vehicles (about 14 percent of global production). Asia accounts for the majority of 
shipments by vehicle carrier (Exhibit F-1)5. Over the past five years, exports from Japan 
to North America have grown slightly after declining since 1986. South Korea and 
Europe-North America show steady growth in exports over the past decade, while 
imports into Europe from Japan and North America have slowed over the past several 
years. 

                                                 
4 Source: International Organization of Motor Vehicle Manufacturers (OICA). 
5 Source: Fairplay, International Shipping Weekly, “Car carriers map out further growth,” 01 Jan 2004. 
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Exhibit F-1 
World Seaborne Vehicle Shipments: Major Trade Lanes 
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Source: Leif Höegh & Co., presentation for Carnegie’s 1st Annual Nordic Shipping Seminar, 7-8 April 2003 

 

Once seen as an opportunistic bulk trade backhaul, the vehicle carrier market segment has 
developed into a unique business. In comparison with other market segments, it is a 
relatively new segment, still redefining its business model, and is expected to grow 
significantly in the future.  

2. Principal Data Sources 

Mercer made use of a range of data sources to produce the vehicle carrier demand 
forecast. A vast amount of information is available on car manufacturing, but the 
accuracy of these sources varies. To solve this problem, Mercer identified, on a country 
basis, appropriate and recognized industry sources, including government and trade 
associations, to develop a robust trade forecast specific to this segment. Sources used 
included: 

 Ward’s (global vehicle market data) 

 Waterborne Commerce of the United States 

 United Nations Trade Data 

 Bureau of Economic Analysis 

 International Organization of Motor Vehicle Manufacturers (OICA) 
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 European Automobile Manufacturers Association (ACEA) 

 Japan Automobile Manufacturers Association (JAMA) 

 National Automobile Dealers Association (NADA) 

 Autofacts by Price Waterhouse Coopers 

 US Department of Transportation 

As part of the secondary research used to identify current and future developments, 
trends, and changes in the vehicle carrier industry, Mercer gathered information regarding 
two important issues that directly impact the industry: plant transplantation and country 
trade agreements. The information collected, together with our industry expertise, 
allowed us to develop a point of view on the potential impact of these factors on the 
demand forecast. The main sources for this secondary research were Autofacts by Price 
Waterhouse Coopers, US Department of Commerce – Office of Automotive Affairs, US 
Trade Representatives, US-ASEAN Business Council, and industry news sources. 

For the variability of key drivers, a number of sources were assessed to determine 
potential values for the drivers and to incorporate a variety of qualitative opinions. 
Interviews were conducted with Mercer experts in the car manufacturing and vehicle 
carrier industries to validate the analytical approach and results. For macroeconomic 
drivers, Mercer used DRI-WEFA’s macroeconomic scenarios previously developed for 
ACP (DRI-WEFA, Global Macroeconomic and Trade Scenarios to 2025, March 2002). 

3. Methodology 

Mercer developed a demand forecast for the vehicle carrier market segment for 2002-
2025 as part of its integrated investment-grade demand forecast for the Canal. The 
forecast not only assesses the impact of changes in macroeconomic factors on the vehicle 
carrier industry, but also examines critical market and operational dynamics pertaining to 
the industry, in order to fully understand second-order effects on market demand beyond 
macroeconomic growth.  

Forecasting future vehicle trade on specialized vessels (vehicle carriers) is a complicated 
task that goes beyond the traditional macroeconomic approach. Increasing traffic volumes 
and lengthening, more complex supply chains imply that overall demand for vehicle 
carriers will increase, but a number of factors may impact the total level of vehicle carrier 
transits through the Canal in the future, e.g.: 

 Vehicle manufacturing plants may relocate to countries with strong domestic demand 
or lower labor costs, which would impact current vehicle carrier routes and 
consequently impact transits through the Canal. 
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 Trade agreements between countries will impact vehicle carrier trade routes. 

 Vehicle carrier routes may face competition from other shipping options, such as 
multimodal transport or containerized liners. 

 The high number of vehicle carrier vessels near or past the usual scrapping age will 
result in significant requirements for new vessels over the next few years; these 
vessels will have dimensions and characteristics adjusted to future industry dynamics. 

Mercer took these factors into account in developing a model that captures all implicit 
and explicit variables in order to accurately forecast Canal transit demand in the next 25 
years. Mercer pursued a four-step approach, congruent with the other market segment 
analyses, to develop the vehicle carrier forecast (Exhibit F-2). 

Exhibit F-2 
Vehicle Carrier Forecast Methodology 

 

Trade Forecast
Route Allocation / 

Panama Canal 
Share 

Fleet Allocation Transits and 
Revenues

Identify Key Trade 
Lanes

Determine Country & 
Regional Demand

Establish Imports Share 
in Country & Regional 

Demand

Introduce Industry 
Trends Adjustments

Obtain Core Trade 
Forecast

Identify Key Trade 
Lanes & Potential 

Routes

Establish Historical Key 
Trade Lanes 
Composition

Determine Feasible 
Routes & Cost 

Associated

Estimate Theoretical 
Panama Canal Share

Obtain Panama Canal 
Share

Identify Historical 
Vehicle Carrier Fleet 

Patterns

Develop a Point of View 
for Future Fleet 

Patterns

Allocate Forecasted 
Vehicles to Expected 

Fleet

Expected Vehicle 
Carrier Fleet Transiting 

the Panama Canal

Transit Calculation

Revenue Calculation

 
 

4.  Key Markets/Traffic Routes 

To date, Japan and South Korea have been the major producers of vehicles for export, 
with the United States and Europe as primary destinations. Europe and the United States 
also export some vehicles worldwide. Over the longer term, the structure of this trade is 
expected to become more fragmented. New trade areas are developing, such as the 
Mercosur trade bloc, and as a result of intra-Asian demand and South African car 
production. 
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Approximately 1.9 million vehicles were carried through the Canal in 2003, representing 
approximately 22 percent of all vehicles carried in maritime trade. Trades from Asia to 
the East Coast of North America and Europe to West Coast of North America represent 
80 percent of Canal vehicle trade, while Asia to the West Indies accounts for 
approximately 10 percent. “Other” vehicle carrier trades, which are essentially 
opportunistic, also account for about 10 percent of vehicle carrier flows.  

Eastbound 

Key vehicle trades transiting the Canal eastbound are Asia to the US East Coast and the 
West Indies (Exhibit F-3). Eastbound vehicle tonnage transiting the Canal was 1.68 
million in 2003. 

Exhibit F-3 
Panama Canal Vehicle Shipments – Eastbound 
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Source: ACP Database and Mercer analysis. 

Asia-US East Coast  

Similar to the container market segment, Asia-US East Coast is the most important 
vehicle carrier trade for the Panama Canal. From 1999 to 2003, this trade increased 
annually by an average 8.3 percent, from 1.07 million tons in 1999 to 1.47 million tons in 
2003. This impressive growth has been due primarily to the strong increase in vehicle 
imports from Asia in the North American market and the large investments made in 
specialized ports along the US East Coast, increasing Canal share (exhibit F-4). In the 
future, Mercer expects that growth in this trade will slow due to US market saturation and 
plant transplantation. 
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Exhibit F-4 
Determinants of Panama Canal Demand 
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Source: US Bureau of Economic Analysis, Supplemental Estimates, Motor Vehicles, January 30, 2004; US imports of 
merchandize, US Census Bureau (1998 – 2003); ACP traffic database 

 
Asia-West Indies 

The other key eastbound vehicle trade for the Panama Canal is Asia to the West Indies, 
with Puerto Rico, Jamaica, Trinidad & Tobago, etc., serving as primary consumption and 
transshipment points in the region. Puerto Rico accounts for 64 percent of total vehicle 
demand in the region (exhibit F-5); vehicle tonnage transiting the Canal to Puerto Rico 
has increased by a total of 41 percent from 1996 to 2002, while tonnage to other 
destinations in the West Indies has declined slightly. 

Exhibit F-5 
West Indies Vehicle Demand 
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The erratic economic conditions in the West Indies make it difficult to predict the short-
term future for this trade; however, over the longer term, Mercer believes that vehicle 
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demand in the region will grow, as it is composed of small but developing markets with 
low penetration of light vehicles. 

Westbound 

The key vehicle trade transiting the Canal westbound is Europe to the US West Coast 
(Exhibit F-6). Westbound vehicle tonnage transiting the Canal was 640,000 tons in 2003. 

Europe-US West Coast 

Vehicle carrier trade from Europe to the US West Coast has doubled in the last five years, 
from 211,000 tons in 1999 to 412,000 tons in 2003. One important factor that has fostered 
European penetration into the North American vehicle market has been industry 
consolidation, such as the merger of Daimler and Chrysler. The merged company’s 
premier European brand, Mercedes Benz, has seen unit sales increase in the US market by 
15 percent over the past five years. In the short term, Mercer expects continued growth in 
this trade, particularly as there is no indication that European car manufacturing plants 
will move production to the US in the foreseeable future. 

Exhibit F-6 
Panama Canal Westbound Vehicle Shipments 
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Source: Mercer analysis. 

5. Trade Forecast 

The starting point of Mercer’s vehicle carrier demand forecast was the development of 
the core trade forecast, which involved identifying current and potential Canal-relevant 
trade lanes; determining country and regional demand by trade lane; establishing import 
shares for demand; and adjusting the results based on our analysis of industry trends. 
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Mercer first analyzed the historical relevance of the different vehicle carrier routes for the 
Panama Canal. As discussed above, the three primary routes identified were US imports 
from Asia and Europe, and Asia shipments to the West Indies, which jointly account for 
over 85 percent of total Panama Canal vehicle carrier traffic. Other routes, which 
individually represent less than 2 percent of Canal vehicle carrier traffic, where addressed 
at an aggregate level, essentially as “captive” trades.  

Regional demand for vehicles was then developed for the two Canal relevant regions, the 
US and the West Indies. 

US Total Vehicle Demand 

The US vehicle market was divided in three categories: autos, light trucks, and heavy 
trucks. The first two vehicles categories are commonly grouped into one category – light 
vehicles – and consumption patterns for this category are highly correlated with 
local/regional personal consumption. For heavy trucks, US capital investment was the 
most suitable explanatory variable identified. 

Base demand for autos and light trucks was determined by modeling customer preference 
scenarios and therefore sales, while the US capital investment forecast was used as a basis 
for determining demand for heavy trucks. In the base case unconstrained scenario, US 
vehicle sales would increase from 17.0 million units in 2003 to 37.4 million in 2025 
(Exhibit F-7). 

Exhibit F-7 
US Unconstrained Vehicle Sales Forecast, 2002-2025, values for three 

macroeconomic scenarios 
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Source: Mercer analysis. 
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Base demand for vehicles was then adjusted based on the following factors: 

 Maximum percentage of US population with light vehicles: The relationship between 
light vehicles in use and the US population has changed over time (Exhibit F-8) 
driven by the evolution of the US age pyramid, the solid development of the US 
economy and a slight increase in light vehicle scrapping. In 2003, around 80 percent 
of the US population had a light vehicle. For the US vehicle demand forecast, Mercer 
constrained total light vehicles in use to 85 percent of the total population, in 
accordance with economic studies which indicate that US vehicle market demand 
might be close to its saturation point. The future reduction in scrapping age (i.e., 
people buying cars more frequently) considered by Mercer in the trade forecast 
however, softens the impact of this constraint. 

Exhibit F-8 
US Population with Light Vehicles, 1990-2025 
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Source: National Automobile Dealers Association (NADA), Economic Impact of America’s New-Car and New-Truck 
Dealers, 2003; Bureau of Transportation Statistics, Total Registered Vehicles 1990 to 2001; DRI-WEFA, Global 
Macroeconomic and Trade Scenarios to 2025, March 2002; Mercer analysis 

 
 Maximum spending on light vehicles as a percentage of personal consumption: 

Historically, light vehicles account for 5-6 percent of personal consumption in the 
United States. From 1999 to 2003, spending on light vehicles represented about 6.3 
percent of personal consumption, the highest level in the past 15years (Exhibit F-9). 
The stability of light vehicle purchases as a percentage of consumption over the past 
five years (rather than continuing the historical growth trend), suggests that the US 
market may be close to saturation. Mercer therefore introduced a cap on growth of 
this variable to 6.5 percent, which proved to be consistent with the maximum vehicles 
in use constraint (the latter has the effect of decreasing the percentage of personal 
consumption allocated to the purchase of light vehicles over time). 
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Exhibit F-9 
US Spending on Light Vehicles as a Percentage 

of Personal Consumption, 1990-2025 
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Source: Bureau of Economic Analysis, National Income and Product Accounts Tables, section 7,,Data published 
February 13, 2004; DRI-WEFA, Global Macroeconomic and Trade Scenarios to 2025, March 2002; Mercer analysis 

 

The light vehicle demand estimate was then allocated to autos and light trucks according 
to three customer preference scenarios, which basically model different levels of 
preference for autos versus light trucks (SUVs), which have different import shares. 

The two adjustment factors introduced in the US vehicle demand forecast basically cap 
the growth of vehicle demand to values that are consistent with historical spending 
patterns and sufficient to cover vehicle scrapping and maintain vehicles as percentage of 
the US population in a reasonable range. 

In the most probably constrained scenario, US vehicle sales would increase from 17.0 
million units in 2003 to 26.7 million in 2025, representing 2.1 percent average annual 
growth over the period (Exhibit F-10).  
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Exhibit F-10 
US Constrained Vehicle Sales Forecast, 2002-2025, values for three 

macroeconomic scenarios 
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Source: Mercer analysis. 

West Indies Total Vehicle Demand 

As discussed previously, the West Indies are an important transshipment point, and apart 
from Puerto Rico, a very fragmented market for vehicles. Data for vehicle demand 
specific to this market is difficult to obtain and sources are not always in agreement; 
Mercer reviewed a range of sources to develop the most accurate profile of total West 
Indies demand (including Puerto Rico). Although Mercer isolated only West Indies 
vehicle demand, there is a possibility that some of the forecast trade is transshipped to 
other regions, such as the northern part of South America. 

Unlike the mature US vehicle market, the West Indies market is still developing, and 
therefore the approach used to forecast demand in the US is not suitable for this market. 
To forecast vehicle demand in the West Indies, Mercer opted instead to forecast vehicle 
usage as a percentage of the total population. As the West Indies market is a relatively 
young market for vehicle sales, adjustment factors where not required. In the most 
probable case, Mercer projects that vehicle sales will rise from 313,000 units in 2003 to 
777,000 units in 2025 (exhibit F-11), representing average annual growth of 4.0 percent. 
The main driver for the pessimistic and optimistic case is the macroeconomic forecast of 
the personal consumption for the Caribbean Basin area in which the West Indies are 
lump. 
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Exhibit F-11 
West Indies Vehicle Sales Forecast, 2002-2025 
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Source: Mercer analysis. 

Import Shares and Forecast Adjustment 

Mercer next estimated the import share for US/West Indies vehicle demand by vehicle 
segment (autos, light trucks, and heavy trucks). For this step, historic country import 
shares were computed based on US and West Indies import data and first projected 
constant to 2025. As shown in Exhibit F-12 and Exhibit F-13, Asia is the most relevant 
exporting region both for the United States and West Indies. 
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Exhibit F-12 
US Vehicle Import Shares, 2002-2025 
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       Source: US imports of merchandize, US Census Bureau (1998 – 2003) 
 

Exhibit F-13 
West Indies Vehicle Import Shares, 2002-2025 
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       Source: US Maritime Administration,, Waterborne Commerce Statistics (1990 – 2002), United Nations 
Comtrade database (1996 – 2001) 
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The import shares for the United States were then adjusted based on an assessment of two 
industry trends that may impact the trade forecast, to develop a base case and alternative 
scenarios: 

 Plant relocation. Manufacturers must weigh the costs and benefits of producing 
vehicles locally versus producing them in countries with lower overheads. The trend 
has been for Asian manufacturers to move plants to consumer markets like the United 
States. Mercer developed three potential plant relocation scenarios to account for this 
trend, as future plant moves from Asia and Europe to the US would heavily impact 
potential vehicle carrier trade transiting the Canal. 

 Trade agreements. Future trade agreements between countries will impact vehicle 
trade flows, as preferred commercial agreements can reduce duties and increase trade. 
Mercer analyzed current trade agreements between countries in relevant trade lanes to 
determine potential changes that may occur in agreements and how they would impact 
trade. Mercer developed three potential scenarios to account for how trade agreements 
might evolve. However, this scenario variable was found to have only a slight impact 
on Canal-relevant vehicle trade. 

Scenarios for import shares for the US (adjusted) and the West Indies are shown in 
Exhibits F-14 and F-15. In the most probable case, Mercer projects that US vehicle 
imports will rise from 8.5 million in 2003 to 13.2 million in 2025, while West Indies 
imports are expected to rise from 313,000 units in 2003 to 777,000 units in 2025. 

Exhibit F-14 
US Vehicle Import Scenarios, 2002-2025 
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Source: Mercer analysis. 
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Exhibit F-15 
West Indies Import Scenarios, 2002-2025 
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Source: Mercer analysis. 

 

6.  Route Allocation 

Overview 

Mercer developed a forecast of vehicle carrier trade likely to transit the Panama Canal 
versus alternative routes (i.e., USWC-Intermodal System and Suez Canal). It should be 
noted that the route allocation model methodology: 

 Focuses on the same critical trade lanes as the core trade forecast module. For the 
Asia to US and the Europe to US trade lanes, the routing analysis is very complex, as 
it considers various routing options to different US regions (Panama Canal, USWC-
intermodal, and Suez Canal). These three competitive routes (Panama Canal, USWC-
intermodal, and Suez Canal) are explicitly modeled as competitive routes, and the 
future Canal share will be impacted by the alternative route cost (for example, if the 
Suez Canal tolls decrease, more traffic will be diverted to the Suez Canal route; if the 
USWC-intermodal system costs drop, traffic will be diverted to the USWC-
Intermodal route).  For the Asia-West Indies trade lane, the routing options analyzed 
are simpler, as this trade route is basically Panama Canal captive; and only very large 
increases in Canal tolls would tend to divert traffic in this lane to the Suez Canal. 
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 Focuses on three explanatory variables that represent the fundamental drivers of route 
choice: product value, transit time (including Canal water and wait time), and 
transportation costs (including vehicle carrier fleet mix). 

For the route allocation process, Mercer first determined the Canal share of vehicle trade 
for the key trade lanes in its market and drivers of route choice, using US Waterborne 
Commerce data. It also identified the routing choice drivers for use of the Suez Canal. 
Based on this analysis, it appears that the Panama Canal captures 38 percent of Asia-US 
vehicle trade and 18 percent of Europe-US trade (Exhibit F-16). 

Exhibit F-16 
2002 Canal Trade Flows Shares 
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Mercer then determined the Panama Canal share for each trade lane per US region and 
developed a cost model to estimate Panama Canal regional shares over the forecast 
period. The methodology consisted of analyzing regional sales of Asian and European 
vehicles – and their access ports on the US mainland – to estimate regional Canal shares 
for each trade route based on US regional demand. As shown in Exhibit F-17, for the US 
Northeast and Southeast regions, most Asian vehicle demand is served through US East 
Coast ports and transits the Canal. Similarly, US West Coast demand for European 
vehicles is mainly served through West Coast ports by ships transiting the Canal (Exhibit 
F-18). 

Exhibit F-17 
East Coast Share of Asian Vehicle Imports by US Region 
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Source: Mercer analysis. 

Exhibit F-18 
West Coast Share of European Vehicle Imports by US Region 
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In addition to US regional vehicle demand, Panama Canal share will be influenced at the 
route allocation level by: 

 Future fleet deployment patterns in relevant trade lanes, as different ship size 
categories have different cost structures 

 Voyage cost evolution, including Panama and Suez Canal pricing 

As a result of the above factors, Canal share for US vehicle imports from both Europe and 
Asia is expected to grow slightly over the forecast period (exhibit F-19).  The growth 
trend in Canal traffic will slow down in routes with the US as destination, as the trade 
adjustment factors (section 5 of this appendix, “Trade Forecast”) will impact US vehicle 
demand and consequently vehicle imports. 
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Exhibit F-19 
Total Panama Canal Vehicle Traffic by Trade Lane Forecast 
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              Source: Mercer analysis. 

7. Fleet Allocation 

The development of the fleet allocation model for the vehicle carrier segment involved 
identifying the historical vehicle carrier fleet, understanding future fleet patterns, and 
developing a fleet allocation process to forecast the vehicle types that will transit the 
Canal through 2025. 

Historical Vehicle Carrier Fleet Mix 

Mercer first analyzed the historical evolution of the world vehicle carrier fleet, as well as 
the specific evolution of the fleet deployed on each Canal-relevant route. The vehicle 
carrier fleet was analyzed based on 7 CEU (car equivalent unit) vessel categories, as 
follows: 

Vessel Category Vessel Capacity in CEUs   
(car equivalent units) 

Category 1 < 2,000 CEUs 
Category 2 2,000 to 2,999 CEUs 
Category 3 3,000 to 3,999 CEUs 
Category 4 4,000 to 4,999 CEUs 
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Category 5 5,000 to 5,999 CEUs 
Category 6 6,000 to 6,999 CEUs 
Category 7 >= 7,000 CEUs (post- 

Panamax) 
 

World vehicle carrier fleet capacity has grown since 1985 by an average of 3 percent per 
year, to a total of 2 million CEUs in 2003. The growth in vehicle carrier capacity was 
higher in vessels of 5,000 CEUs and above (Exhibit F-20). 

Exhibit F-20 
World Vehicle Carrier Fleet Evolution 
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Source: Leif Höegh & Co., presentation for Carnegie’s 1st Annual Nordic Shipping Seminar, 7-8 April 2003 

  
Asia to US East Coast Fleet 

For the Canal-relevant Asia to US East Coast route, most trade is carried in the three 
largest vehicle carrier vessel categories, 4,000 CEUs and above, since trade volumes are 
high (Exhibit F-21). In parallel with world fleet evolution, smaller and less efficient 
vehicle carriers have been slowly replaced by larger vehicle carriers, which now represent 
more than 60 percent of the vehicle carrier traffic in on this Canal route. 
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Exhibit F-21 
Vessel Mix for Asia-US East Coast Canal Route, 1987-2003 
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Source: Mercer analysis. 

Europe to US West Coast Fleet 

Vehicle trade between Europe and the US West Coast has been historically carried in 
vessels in the two largest size categories (above 5,000 CEUs), which represent more than 
70 percent of total trade on the route (Exhibit F-22). 

Exhibit F-22 
Vessel Mix for Europe-US West Coast Canal Route, 1987-2003 
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Source: Mercer analysis. 
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Asia to West Indies Fleet 

The Asia to West Indies vehicle trade is characterized by smaller and less frequent trade 
volumes than the previously described routes. Thus, this route is served by smaller 
vehicle carriers to improve load factors while maintaining service frequency. Even so, 
this route has seen an increase in the use of larger vehicle carriers, in line with world 
vehicle carrier fleet deployment trends (Exhibit F-23). 

Exhibit F-23 
Vessel Mix for Asia to West Indies Canal Route, 1987-2003 

(percent of total vessels) 

0%

20%

40%

60%

80%

100%

19
87

19
89

19
91

19
93

19
95

19
97

19
99

20
01

20
03

Cat 6

Cat 5

Cat 4

Cat 3

Cat 2

Cat 1

Other

 
 

Source: Mercer analysis. 

Perspective on Future Fleet Deployment Patterns 

Both world vehicle carrier fleet evolution and vehicle carrier vessel deployment on Canal 
routes point to an increase in the deployment of larger vehicle carriers, especially of 5,000 
CEU capacity and above. The historical trend toward larger and more efficient vehicle 
carrier vessels is also supported by the vehicle carrier order book, which comprises 
primarily Panamax vehicle carriers of more than 6,000 CEU capacity (Exhibit F-24). 
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Exhibit F-24 
Forecast Vehicle Carrier Order Book, 2004-2007 
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Source: Lloyd’s Register, March 2004 

For the foreseeable future, there is no indication of an increase in deployments of post-
Panamax vehicle carriers. Similar to the liner segment, there is natural resistance to the 
deployment of post-Panamax vessels, as these vessels are currently excluded from the 
important Panama Canal trade lanes and thus are less flexible than Panamax vessels. 

Canal Vehicle Carrier Fleet Mix: Transits and Revenues 

In order to explicitly account for different vehicle carrier deployment scenarios, and given 
the uncertainty that surrounds the deployment of post-Panamax vehicle carriers, Mercer 
developed three fleet evolution scenarios for each key Canal route, both for the 
unexpanded and the expanded Canal cases. For the expanded Canal case, post-Panamax 
vehicle carriers were explicitly modeled, to account for the existing trend toward the 
deployment of larger and more efficient vehicle carriers on Canal routes (see Scenario 
Analysis section below). 

Once the evolution of the vehicle carrier fleet mix was defined for key Canal routes, 
Mercer allocated Canal vehicle traffic to the different vehicle carrier categories, obtaining 
a forecast of future tons that will transit the Canal by key route and vehicle carrier 
category. 

Mercer projects that vehicle tonnage transiting the Canal will move increasingly in larger 
Category 4-6 vehicle carriers, in line with world vehicle carrier fleet trends toward 
deployment of larger and more efficient vehicle carrier vessels (Exhibit F-25). 
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Exhibit F-25 
Forecast Vehicle Traffic per Vehicle Carrier Category, 2002-2025 
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Source: Mercer analysis. 
 

Transit Calculation 

Total vehicle carrier transits were obtained based on the vehicle traffic in tons estimated 
in the fleet model, and from the average capacity/utilization of the different vehicle 
carrier categories (Exhibit F-26). In total, vehicle carrier segment Canal transits will grow 
by more than 50 percent over the forecast period. Future Canal transits will be dominated 
by vehicle carriers in Categories 4 to 6, which will represent more than 90 percent of total 
Canal transits. 
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Exhibit F-26 
Forecast Vehicle Carrier Canal Transits, 2002-2025 
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Source: Mercer analysis. 
 

Revenue Calculation 

Future Canal revenues by vehicle carrier segment were calculated based on estimated 
vehicle carrier transits by ship size category and tolls by ship size category (nominal toll 
values where considered). 

Mercer projects that base case Canal revenues will grow by 162 percent nominally over 
the forecast period, to US$220 million in 2025, with vehicle carrier categories 5 and 6 
representing almost 70 percent of total revenue generation (Exhibit F-27). 
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Exhibit F-27 
Forecast Vehicle Carrier Canal Revenues, 2002-2025 
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Source: Mercer analysis. 

8. Scenario Analysis 

This section describes the three basic macro economic scenarios forecast using the 
vehicle carrier model – base, pessimistic, and optimistic – and two alternative market 
scenarios. Although the model allows the user to create any combination of intermediate 
scenarios, the objective of this section is to provide a range of possible results. All charts 
below are calibrated from 2002 as base year. 

Base Market Scenario 

The macro scenarios use the inputs defined by Mercer as the market scenario base case, 
varying only the macroeconomic scenarios provided by DRI WEFA (DRI-WEFA, Global 
Macroeconomic and Trade Scenarios to 2025, March 2002). The market scenario 
variables used for the three macro scenarios presented are: 

 Customer preferences for light vehicles (autos versus light trucks) are expected to 
show a slight increase toward light trucks, continuing the current demand trend.  

 Plant relocation from Asia to the US will increase slightly, as car manufacturers try to 
position themselves in the largest consumer markets.  

 The US and the West Indies will maintain their duty rates.  
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 Finally, the fleet deployment of larger vehicle carriers on Canal routes will happen at 
a moderate pace. 

The pessimistic macro economic scenario forecasts an increase in transits of 41 percent, 
from 773 in 2002 to 1,091 in 2025. In nominal revenues, the pessimistic macro scenario 
forecasts an increase of 147 percent, from US$84.1 million in 2002 to US$208 million in 
2025 (exhibit F-28). 

The base macro economic scenario forecasts an increase in transits of 50 percent, from 
773 in 2002 to 1,157 in 2025. In terms of nominal revenues, the base macro scenario 
forecast an increase of 162 percent, from US$84.1 million in 2002 to US$220 million in 
2025 (exhibit F-29). 

The optimistic macro economic scenario forecasts an increase in transits of 57 percent, 
from 773 in 2002 to 1,214 in 2025. In terms of nominal revenues, the base macro scenario 
forecast an increase of 173 percent, from US$84.1 million in 2002 to US$230 million in 
2025 (Exhibit F-30) 
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Exhibit F-28 
Base Market Scenario – Pessimistic Case 
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Exhibit F-29 
Base Market Scenario – Base Case 
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Exhibit F-30 
Base Market Scenario – Optimistic Case 
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  Source: Mercer analysis. 
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Optimistic Market Scenario 

The optimistic market scenario considers the most optimistic values for all the market 
scenario variables defined in the vehicle carrier segment, while maintaining the macro 
economic scenario in the base case: 

 This scenario uses the base DRI WEFA macroeconomic scenario (DRI-WEFA, 
Global Macroeconomic and Trade Scenarios to 2025, March 2002) as a basis for the 
macroeconomic forecast of US and West Indies vehicle demand.  

 Customer preferences for light vehicles will move toward the auto segment, balancing 
out the current trend that has favored light trucks.  

 Plant relocation from Asia and Europe to the US will only be sufficient to maintain 
the level of local production.  

 The US and West Indies will reduce import duty rates on vehicles, slightly increasing 
imports.  

 Faster deployment of larger vehicle carrier categories will occur on Canal routes, 
improving the cost structure of Canal routes and thus increasing Canal share for key 
trade lanes. 

The optimistic scenario forecasts an increase in transits of 93 percent, from 773 in 2002 to 
1,490 in 2025. In terms of nominal revenues, this scenario forecasts an increase of 242 
percent, from US$84.1 million in 2002 to US$288 million in 2025 (Exhibit F-31). 
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Exhibit F-31 
Optimistic Market Scenario  
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Source: Mercer analysis. 

Pessimistic Market Scenario 

The pessimistic market scenario considers the worst case market scenario variables from 
a Canal standpoint, while maintaining the macro economic scenario in the base case. 

 This scenario considers DRI WEFA’S base scenario (DRI-WEFA, Global 
Macroeconomic and Trade Scenarios to 2025, March 2002) as a basis for forecasting 
vehicle demand in the US and West Indies.  

 Customer preferences towards the light truck segment will be accentuated, slightly 
decreasing the US vehicle demand forecast.  
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 European and the Asian plant relocation to the US will increase. The US will 
implement a slight increase in the duty rates of vehicles. 

 Fleet deployment of larger vessel categories will occur more slowly on Canal routes, 
weakening the Canal route cost structure against alternative routes, such as 
intermodal. 

In the pessimistic scenario, the vehicle carrier model forecasts an increase in transits of 15 
percent, from 773 in 2002 to 888 in 2025. In terms of nominal revenues, the probable 
scenario forecast an increase of 97 percent, from US$84.1 million in 2002 to $166 million 
in 2025 (Exhibit F-32). 

Exhibit F-32 
Pessimistic Market Scenario 
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Source: Mercer analysis. 
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Expanded Canal Case 

The Panama Canal has impacted the evolution of the vehicle carrier fleet, restraining the 
maximum dimensions of vehicle carrier ship new builds (category 6 vehicle carriers have 
Panamax beam) and in the foreseeable future will impact the vehicle carrier order book. 

In the case of the expansion of the Canal, Mercer projects that some category 7 ships 
would be deployed on Canal routes for vehicle trade, following the trend toward larger 
and more efficient vessel size categories. However, the total number of transits and 
revenues for the Canal in this case would not change significantly (Exhibit F-33). 



Panama Canal Market Demand Forecast Appendixes          

Mercer Management Consulting F-37

Exhibit F-33 
Base Market Scenario – Base Case 

Expanded Canal Case 
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Source: Mercer analysis. 

9. Marketing/Pricing Summary 

Toll Sensitivity 

An increase in Canal tolls would cause vehicle carrier shipping companies to reassess 
whether to ship more vehicles on direct routes and distribute in the US through the 
intermodal system, rather than transiting the Canal and delivering the vehicles to US ports 
closer to final demand centers. 
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A toll increase would potentially impact US imports from Europe and Asia that use the 
Canal. However, for small toll increases, Mercer considers that the specialized port 
infrastructure already in place would act as a natural brake for shifting route decisions, 
and the trade-off between an increase in revenues and decrease in transits would produce 
a more positive result than would be immediately apparent (for the Canal unconstrained 
capacity scenario). 

The Asia to West Indies Canal route would be less sensitive to a Canal toll increase, as 
this trade route is mostly captive to the Canal, with the Suez route representing a remote 
alternative to Asian vehicle shipping to this region. 

Traffic Risk and Sensitivity Factors 

Vehicle carrier traffic risks are captured in the scenario variables defined in the vehicle 
carrier analysis. For US imports from Asia and Europe, vehicle carrier traffic would be 
most impacted by: 

 Plant relocation: Asian and European manufacturers relocating plants to the US 
would highly impact Canal traffic, as vehicle imports would be reduced on these trade 
lanes. 

 Voyage costs: The balance between future increases in sea voyage costs and 
intermodal costs would heavily impact vehicle carrier traffic for the Canal, as a 
decrease in intermodal costs relative to sea voyage costs would reduce the 
attractiveness of the Panama Canal route. 

 Cargo value: An increase in the financial value of vehicles would reduce Panama 
Canal route attractiveness, as the intermodal route is quicker than the all water Canal 
route. 

The Asia to West Indies route is primarily captive to the Canal route. No major risks are 
anticipated for this trade route. 
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Appendix G 

Summary:  Conventional Reefer, General Cargo, and 
Other Minor Vessels Segment Analysis 

In 2003, ACP hired Global Insight, Inc. to carry out a study of the future of the non-
containerized reefer, general cargo, and other minor vessel type market segments that 
utilize the Panama Canal. Mercer utilized the information developed by Global Insight to 
determine the demand forecast for these market segments, as an input into the integrated 
demand model. Mercer limited its analysis to evaluating the coherence of the 
methodology applied and the results presented. It should be noted that the comments or 
opinions stated in this section are based on Global Insight’s final report for the relevant 
segments. 

The primary inputs to the trade models for conventional reefer and general cargo were 
global reefer commodity and general cargo trade flows between origin-destination pairs, 
trade adjustments and constraints, distances along trade routes, ship operating costs, fleet 
characteristics, and toll rates.  Outputs were transits, deadweight tons, gross tonnage, 
PCUMS1 and revenues for these ship types.   

Conventional Reefer Segment 

                                                 
1 The Panama Canal Universal Measurement System (PCUMS) consists of series of vessel measurement 
rules that establish a ship’s nominal maximum capacity for the purpose of assessing Panama Canal tolls.  It 
is roughly related to the internal cargo-carrying space of a ship (although for container vessels it includes 
on-deck cargo capacity) and is measured in PCUMS Tons.  Each ton is equivalent to 100 cubic feet of 
cargo-carrying capacity, and is unrelated to the weight of the cargo.  The system is analogous to other ship 
measurement systems used typically to assess tolls, including Suez tonnage, and Net tonnage. 
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Global Insight developed global forecasts for each of nine major reefer commodity 
groups, using a WTS forecast developed based on historical global trade data, in 
accordance with Global Insight forecasts of population and incomes. The reefer forecasts 
provide reasonable long-term per-capita growth expectations in light of individual 
countries' income growth and stage of development. 

Global trade in perishable products requiring refrigeration totaled 60.7 million metric tons 
in 2003, up 7 percent from the previous year.  Bananas and seafood account for 42 
percent of trade. The long-term forecast for total conventional reefer trade calls for 
average annual growth of 2.4 percent through 2025, with volumes reaching 103 million 
metric tons in the final year. This forecast is in line with population and income growth 
expected for the major consuming regions of the world.   

The largest reefer trade for the Canal is Ecuador to Western Europe North, followed by 
Chile to ECUS and Western Europe North, and Ecuador to ECUS, Russia, and Western 
Europe South. Together, trade flows between these regions account for more than half of 
reefer trade moving through the Canal. Reefer trade transiting the Canal is projected to 
grow from 4.6 million tons in 2003 to 6.1 million in 20252. Trades from Ecuador to most 
destinations will show continued growth over the 2003-2025 period, particularly to 
Russia, Eastern Europe, and Other/Mediterranean, while most trades to Western Europe 
North will decrease slightly over the period. 

The conventional reefer analysis predicts that Canal transits will increase slowly through 
2025, averaging only 1 percent per year, and reaching 2,745 transits in the final year of 
the forecast. Revenue was forecast through 2025 based on a PCUMS-based toll that 
increases annually at the rate of world inflation.  The shift to larger reefer ships over time 
will a negative effect on revenues, because toll rates decline as the PCUMS of a ship 
increases. On average, revenues are projected to grow by 4 percent per year, climbing 
from $47.6 million in 2003 to $97.2 million by 2025 

General Cargo Segment 

Global Insight analyzed four vessel types for the “general cargo” segment 
(container/breakbulk, general cargo, dry/liquid bulk, and vehicle/drybulk carriers) using a 
detailed approach based on global trade flows and the cost competitiveness of the Panama 
Canal route. It also analyzed a range of “other minor vessels” using a simplified 
approach, based on economic and transit trends, to project total PCUMS, lengths, or 
displacements going through the Canal. The results of these models are presented for 
information purposes in this appendix. 

                                                 
2 These figures do not match with ACP records because they represent reefer products carried on 
conventional reefer vessels. The difference between these figures and ACP records is other cargo, different 
from reefer products, carried in conventional reefer vessels. 
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Worldwide maritime general cargo trade in 2003 was 1.54 billion tons, and is projected to 
grow by an average annual rate of 1.6 percent over the 2003 to 2025 period. From this 
massive amount of cargo, Global Insight estimated that in 2003, 204 million general 
cargo tons could potentially have transited the Canal (“Canal relevant trade”), 
approximately 13 percent of the world trade3. 

Of the four types of vessels that comprise the general cargo market segment, 
container/breakbulk ships and dry/liquid bulk ships account for over 90 percent of Canal 
relevant trade.  The majority of trade flows in this segment are from Southeast Asia, 
China, and Japan westbound to the US East Coast. Canal relevant trade for 
container/breakbulk vessels is projected to more than double over the forecast period, 
from 69.9 million tons in 2003 to 185.5 million tons in 2025, driven by growth in US 
demand for Asian imports. Canal relevant trade on general cargo vessels will grow more 
slowly, from 13.3 million tons to 18.9 million tons over the period. Such a slowdown is 
consistent with the outlook for the general cargo fleet, and with the continued move 
toward containerization of general cargo. Canal relevant trade on dry/liquid bulk vessels 
will drastically drop by 5.8 percent per year, from 114.6 million tons to 30.6 million tons 
over the period; Canal relevant trade on vehicle/dry-bulk vessels will also drop by 1.4 
percent per year, from 6.0 million tons to 4.3 million tons over the same period. These 
declines are related to increasing ship specialization and the fact that the dual-use ship 
fleet is not being sufficiently deployed to keep pace with overall growth in international 
cargo demand.  

Transits through the Canal by all four vessel types in the general cargo segment are 
projected to decline over the forecast period. This trend is in line with increasing 
containerization of certain cargoes, increasing specialization of ships, and a decline in 
deployment of dual-use ships. 

The ships in the conventional reefer and general cargo segments that transit the Canal are 
small in terms of deadweight tons and overall dimensions. Future ship sizes will not be 
constrained even by the current dimensions of the Canal; thus an expanded Canal 
scenario would have little or no impact on these market segments. 

                                                 
3 In 2003, the Panama Canal captured 10 percent (20.6 million tons) of the general cargo relevant for the 
Canal. 
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Conventional Reefer, General Cargo, and Other Minor 
Vessels Segment Analysis Detail 

1.  Background 

In 2003, ACP hired Global Insight, Inc. to carry out a study of the future of the non-
containerized reefer, general cargo, and other minor vessel type market segments that 
utilize the Panama Canal. Mercer utilized the information developed by Global Insight to 
determine the demand forecast for these market segments, as an input into the integrated 
demand model. Unlike other market segments, however, in which Mercer aimed to close 
gaps identified in the market segment reports developed by other consultants, for reefer, 
general cargo, and other minor vessels, Mercer limited its analysis to evaluating the 
coherence of the methodology pursued and the results presented. It should be noted that 
the majority of comments or opinions stated in this section are based on Global Insight’s 
final report for the relevant segments. 

2.  Principal Data Sources 

Global Insight leveraged its knowledge of macroeconomic and global trade patterns to 
develop trade forecasts for the conventional reefer, general cargo, and other minor 
vessels. Data from secondary sources was also used to develop specific information, e.g., 
fleet data and trend analysis was obtained from Clarkson Research, while assumptions in 
the route module were based on inputs from LauritzenCool and the US Army Corps of 
Engineers concerning ship speed, fuel usage, and non-fuel operating costs per day. 

For the purposes of this report, which covers three market segments, Mercer has 
described specific data sources, forecast methodology, and results for each market 
segment separately. 

3.  Methodology Overview 

Conventional Reefer 

Global Insight developed global forecasts for each of the nine major reefer commodity 
groups in the study, using its World Trade Service (WTS) as a starting point. The WTS 
links Global Insight economic outlooks for over 125 countries to trade patterns by 
commodity. For the individual reefer products being addressed in this study, historical 
global trade data were assembled and the forecast was developed using the WTS, in 
accordance with Global Insight forecasts of population and incomes (see Exhibit G-1). 
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The reefer forecasts provide reasonable long-term per-capita growth expectations in light 
of individual countries' income growth and stage of development. 

Exhibit G1 
Conventional Reefer: Data Sources Scheme 
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Source: Global Insight. 

General Cargo and Other Minor Vessels 

 “Other” ships analyzed were divided into two groups for modeling and forecasting 
purposes: Group 1 includes cargo ships and Group 2 includes remaining minor vessels. 
The specific ship types in each of the two groups are identified in Exhibit G-2. 

Global Insight developed two models for analyzing “other” vessel types: 

 The first model analyzes transits for Group 1 vessels. This model uses a detailed 
approach based on global trade flows and the cost competitiveness of the Panama 
Canal route. 

 The second model analyzes transits for Group 2 ships using a simplified approach, 
based on economic and transit trends, to project total PCUMS, lengths, or 
displacements going through the Canal. The results of this model for minor vessels 
are presented for information purposes only and do not form part of the investment-
grade demand forecast. 
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Exhibit G-2  
“Other” Ships Division for Modeling/Forecasting 

 
Group 1 – General Cargo  Group 2 – Other Minor Vessels 

General cargo  Barge carrier Barge integrated 
Dry/liquid bulk carrier  Barge not self-propelled Tank barge integrated 
Container/breakbulk ship  Barge self-propelled Tank barge self-propelled 
Vehicle/drybulk carrier  Fishing vessel Wooden ship 
  Factory ship Other vessel (PC net) 
  Research vessel Dredge displacement 
  Cable ship Floating drydock 
  Rig tender/supply Submarine 
  Tank barge not self-propelled Other vessel (displacement) 

Source: Global Insight. 

2.  Key Markets/Traffic Routes 

Conventional Reefer Ships 

Global trade in perishable products requiring refrigeration totaled 60.7 million metric tons 
in 2003, up 7 percent from the previous year.   The study analyzed the outlook for nine 
major reefer product categories (Exhibit G-3). Bananas and seafood account for 42 
percent of trade. 

Each product was separately modeled and projected by route, using the Global Insight 
World Trade Model as the basis for demand projections. The largest reefer trade for the 
Canal is Ecuador to Western Europe North, followed by Chile to ECUS and Western 
Europe North, and Ecuador to ECUS, Russia, and Western Europe South. Together, trade 
flows between these regions account for more than half of reefer trade moving through 
the Canal (Exhibit G-4).  



Panama Canal Market Demand Forecast Appendixes 

Mercer Management Consulting G-7

Exhibit G-3 
Panama Canal Analyzed Reefer Commodities – 2003 
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Source: Global Insight. 

Exhibit G-4 
Panama Canal Reefer Trade – 1995-2003 
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General Cargo and Other Minor Vessels 

 

Worldwide maritime general cargo trade in 2003 was 1.54 billion tons, and is projected to 
grow by an average annual rate of 1.6 percent over the 2003 to 2025 period (Exhibit G-5). 
From this massive amount of cargo, Global Insight estimated that in 2003, 204 million 
general cargo tons could potentially have transited the Canal (“Canal relevant trade”), 
approximately 13 percent of the world trade. 

Of the four types of vessels that comprise the general cargo market segment, 
container/breakbulk ships and dry/liquid bulk ships accounted for over 90 percent of 
Canal relevant cargo (Exhibit G-6). The majority of trade flows in this segment are from 
Southeast Asia, China, and Japan westbound to the US East Coast. 

Exhibit G-5 
Worldwide Maritime General Cargo Trade, 2000-2003 
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Exhibit G-6 
Panama Canal Relevant General Cargo Trades, 2003 
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3. Trade Forecast 

The primary inputs to the trade models for reefer and general cargo were global reefer 
commodity and general cargo trade flows between origin-destination pairs, trade 
adjustments and constraints, distances along trade routes, ship operating costs, fleet 
characteristics, and toll rates.  Outputs were transits, deadweight tons, gross tonnage, 
PCUMS and revenues for these ship types.   

 Reefer trade commodities: The key input to the model to determine the global trade 
forecast was total seaborne metric tons of each reefer commodity for O-D pairs. 
Including all reefer commodity inflows to each destination allows the model user to 
evaluate the per capita inflows of each commodity and alter their sources under 
alternative simulations. 

 Cargo carried in the general cargo vessels: The primary input to the General Cargo 
model is global seaborne trade flows between O-D pairs. Total seaborne trade flows 
are in metric tons and identify global general cargo, container, dry and liquid bulk, 
and motor vehicle trade moving in four vessel types: general cargo, dry/liquid bulk, 
container/breakbulk, and vehicle/drybulk. 

Adjustments were made to the base forecast for reefer trade only:  

 Trade agreements. The reefer commodity trade flow forecasts assess the impacts of 
existing and projected future trade agreements between relevant O-D pairs.  The trade 
agreements evaluated in the model were those between the United States and 
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Ecuador, Chile, and Australia, and between the European Union and Ecuador and 
Chile. 

 Containerization trend. The conventional reefer market will continue to be affected 
by increasing containerization of many refrigerated products, although such products 
are differently affected: Poultry and dairy products are expected to become more 
containerized while bananas, seafood, and apples will generally continue to be carried 
in bulk (Exhibit G-7). 

Exhibit G-7 
Trend for Cargo Moving in Conventional Reefer Vessels 
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Source: Global Insight. 

Conventional Reefer Trade Forecast 

The long-term forecast for total conventional reefer trade calls for average annual growth 
of 2.4 percent through 2025, with volumes reaching 103 million metric tons in the final 
year (Exhibit G-8).  This forecast is in line with population and income growth expected 
for the major consuming regions of the world.  Trade in bananas is expected to grow by 
2.2 percent, from 13.4 million metric tons in 2003 to 21.4 million metric tons in 2025.  
International shipments of seafood are expected to expand through 2025 at an average 
annual rate of 2.5 percent, from 12.4 million tons to 21.3 million tons. 

Reefer trade transiting the Canal is projected to grow from 4.6 million tons in 2003 to 6.1 
million in 2025 (Exhibit G-9). Trades from Ecuador to most destinations will show 
continued growth over the 2003-2025 period, particularly to Russia, Eastern Europe, and 
Other/Mediterranean, while most trades to Western Europe North will decrease slightly 
over the period. 
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Exhibit G-8 
Global Reefer Trade Forecast by Commodity 
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Source: Global Insight. 

Exhibit G-9 
Panama Canal Reefer Product Trade Forecast by Route 
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Source: Global Insight. 

General Cargo/Other Vessel Forecast 

World general cargo trades are projected to grow by an average annual rate of only 1.6 
percent over the 2003 to 2025 period (Exhibit G-10). Container/breakbulk growth is 
projected to be 4.3 percent per year through 2025 and general cargo and vehicle/drybulk 
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growth will be approximately 2.4 percent, in line with population and income growth. 
Dry/liquid bulk, the largest general cargo segment, will grow more slowly, by 1.2 percent 
per year, primarily due to ships becoming more specialized and dual-use ships not being 
sufficiently deployed to keep up with overall growth in international cargo demand. 

Exhibit G-10 
Worldwide Maritime General Cargo Trade Forecast 
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         Source: Global Insight. 

For the Panama Canal relevant trade (Exhibit G-11), container/breakbulk is projected to 
more than double over the forecast period, from 69.9 million tons in 2003 to 185.5 
million tons in 2025, driven by growth in US demand for Asian imports. Canal relevant 
trade on general cargo vessels will grow more slowly, from 13.3 million tons to 18.9 
million tons over the period. Such a slowdown is consistent with the outlook for the 
general cargo fleet, and with the continued move toward containerization of general 
cargo. Canal relevant trade on dry/liquid bulk vessels will drastically drop by 5.8 percent 
per year, from 114.6 million tons to 30.6 million tons over the period; Canal relevant 
trade on vehicle/drybulk vessels will also drop by 1.4 percent per year, from 6.0 million 
tons to 4.3 million tons over the same period. As noted above, these declines are related 
to increasing ship specialization and the fact that the dual-use ship fleet is not being 
sufficiently deployed to keep pace with overall growth in international cargo demand. 
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Exhibit G-11 
Panama Canal Relevant Trade Forecast by Route Share 
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Source: Global Insight. 

4. Route Allocation 

For both conventional reefer and general cargo trade flows, Global Insight imposed a 
number of filters to determine the metric tons of cargo that can feasibly and economically 
transit the Panama Canal between each O-D pair. It was not necessary to consider a filter 
based on the size of ships, since these vessels are small in size relative to the Panama 
Canal. 

Route operating costs for each O-D pair were computed for two possible routes: the 
Panama Canal and an alternative. Route costs were calculated based on three major 
factors: trade-route miles, bunker and middle diesel fuel prices, and non-fuel operating 
costs for conventional reefer ships and four other ship types. 

The route operating costs are data point estimates. The analysis recognizes that actual 
costs vary around these data point estimates; thus probability distributions were defined 
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around the cost point estimates for the Panama Canal route, and the minimum cost 
alternative route was determined using a Weibull distribution. Trade flows between the 
O-D pairs were allocated between the trade routes based on minimum cost distribution 
shares. 

To determine the relevant Canal route pairs for the conventional reefer and general cargo 
market segments, Global Insight analyzed 1,256 O-D pairs; these included routes from 
countries whose trade to the destination country could potentially involve the Panama 
Canal, as well as routes that would never involve the Canal. The next step consisted of 
identifying O-D pairs that represented feasible Canal routes; through this process, 508 
potential Canal O-D pairs were identified. The final step was to evaluate these O-D pairs 
using the route costing model, resulting in 268 Canal relevant O-D pairs. The analysis 
determined that: 

 For conventional reefer, Just 15 routes represent 75 percent of total trade moving 
through the Canal (see Exhibit G-4). 

 For general cargo, most of the container/breakbulk and general cargo trade moving 
through the Canal originates in Asia. Vehicle/drybulk ships are concentrated on three 
major routes with a US destination. Dry/liquid bulk ships’ routings are very diverse 
(see Exhibit G-11). From the 204 million general cargo tons that could potentially 
have transited the Canal in 2003, just 10 percent were captured being the 
container/breakbulk and the general cargo the dominant vessel types. During the 
forecast period all the general cargo vessel types are expected to diminish their 
presence in the Panama Canal (see Exhibit G-12), mainly explained by the maritime 
industry trend of moving cargo in specialized vessels.  

Exhibit G-12 
Panama Canal Trade Forecast by Vessel Type 
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Source: Global Insight. 
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5. Fleet Allocation 

Conventional Reefer Fleet 

During the forecast period, the composition of the reefer fleet is expected to be relatively 
stable. Transits will be concentrated in 10,000-15,000 DWT ships. Global Insight defined 
the global fleet in any given year by the previous year’s fleet, less retirements, plus 
current year additions, and assumed that ships of 28+ years of age would be retired.  Fleet 
additions in aggregate can be specified by the model user and allocated to various 
segments based on the characteristics of recent builds. 

Deadweight tons in 2003 were assumed to grow at the rate of change in metric tons of 
reefer commodities transiting the Canal in conventional reefer ships.  Total deadweight 
tons of reefer ship capacity were allocated to each deadweight ton category based on 
DWT shares that reflect the characteristics of the fleet currently transiting the Canal and 
the changing characteristics of the global reefer fleet (Exhibit G-13). 

Exhibit G-13 
Conventional Reefer Fleet Composition 
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                  Source: Global Insight. 

General Cargo Fleet 

The relative segment characteristics of the general cargo carrier fleet transiting the Canal 
are assumed to remain relatively constant over the forecast period. 

Cargo tons moving in each of the general cargo vessel types were assumed to grow at the 
rate of change in metric tons of the above calculated cargo transiting the Canal. For 
example, general cargo ships would maintain their share of general cargo shipments; 
dry/liquid bulk carriers would maintain their share of dry and liquid bulk cargo 
shipments. Cargo tons were converted to PCUMS using typical conversion factors for 
each type of cargo (Exhibit G-14). 
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Exhibit G-14 
General Cargo Fleet Composition – 2003 
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Source: Global Insight. 

6. Revenue and Transit Forecast 

Conventional Reefer Ships 

The conventional reefer analysis predicts that Canal transits will increase slowly through 
2025, averaging only 1 percent per year, and reaching 2,747 transits in the final year of 
the forecast. Revenue was forecast through 2025 based on a PCUMS-based toll that 
increases annually at the rate of world inflation.  The shift to larger reefer ships over time 
will a negative effect on revenues, because toll rates decline as the PCUMS of a ship 
increases. On average, revenues are projected to grow by 4 percent per year, climbing 
from $47.6 million in 2003 to $111.7 million by 2025 (Exhibit G-15). 
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Exhibit G-15 
Transits by Ship Category Revenues by Ship Category 

(dwt)                                                (nominal US$ millions) 

 
            Source: Global Insight. 

General Cargo Ships 

Transits through the Canal by container/breakbulk ships are projected to decline slightly, 
in line with continued containerization of cargo, from 576 in 2003 to 501 in 2025. The 
average annual decline is forecast to be 0.6 percent (Exhibit G-16). 

Exhibit G-16 
Container/Breakbulk Transits        Revenues by Ship Category 

(dwt)                                                      (nominal US$ millions) 

 
           Source: Global Insight. 
 

Transits by general cargo ships are projected to decline through the forecast period by an 
average 2.4 percent per year. Such a decline is consistent with the outlook for the fleet 
and with the continued move toward containerization of general cargo (Exhibit G-17). 
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As long as ships become more specialized and dual-use ships do not keep pace with 
overall growth in international cargo demand, dry/liquid bulk carrier transits will decline 
over time. The average annual decline is forecast to be 3.8 percent through 2025, which 
will reduce the 29 transits in 2003 to 12 in 2025  (Exhibit G-18) 

Exhibit G-17 
General Cargo Bulk Transits        Revenues by Ship Category 

(dwt)                                                      (nominal US$ millions) 

 
        Source: Global Insight. 
 
 

Exhibit G-18 
Dry/Liquid Bulk Transits        Revenues by Ship Category 

(dwt)                                                      (nominal US$ millions) 

 
          Source: Global Insight. 
 
The transits for vehicle/drybulk carriers are forecast to decline through 2025 by 4.3 
percent per year, falling to only 2 transits in the final year of the forecast, down from this 
year’s 6 transits in 2003 (Exhibit G-19). 
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Exhibit G-19 
Vehicle/Drybulk Transits             Revenues by Ship Category 

(dwt)                                             (nominal US$ millions) 

 
        Source: Global Insight. 

7. Sensitivity Analysis 

Use of Conventional Reefers versus Container Ships 

Since 1995, the number of new ships added to the reefer fleet has been less than the 
number being scrapped; hence, the conventional reefer fleet has shrunk.  In 2003, the net 
change in reefer capacity was a decrease of more than 5.5 million cubic feet.  For 2004, 
only three new ships are scheduled for delivery. 

While conventional reefer ship capacity has declined, container shipping capacity has 
increased. Container ship operators realize that the revenue to be earned from refrigerated 
boxes quickly offsets the required investment in electricity for cooling. The shift to 
containers is strong and will likely continue, as containers provide the delivery flexibility 
required in many markets.  The shift to containers over time, by commodity, is 
incorporated into the Canal reefer ship transit and revenue model, with the result that 
growth in reefer ship cargo is less than overall demand growth for perishable goods. 

Whether reefer cargo is shipped on conventional reefer ships or in containers depends not 
on the freight rates being charged for each mode but rather on the volume of cargo.  
Based on extensive interviews with exporters, importers, and reefer shipping lines, Global 
Insight determined that reefer ships are in highest demand when container capacity on 
liner services is insufficient to accommodate the demand, and when buyers specify reefer 
ships over containers (e.g., Northern Europe).   
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Impact of Canal Expansion 

Global Insight expects the number of reefer ships to decline even as capacity grows 
slightly, since the few new ships being added are at the large end of the size spectrum.  
The current reefer ships transiting the Canal, however, are small in terms of deadweight 
tons and overall dimensions.  Based on expected growth in reefer demand, we expect 
reefer ships transiting the Canal to become moderately larger over time, while the number 
of such vessels declines.  Future ship sizes will not be constrained even by the current 
dimensions of the Canal, however, and thus an expanded Canal scenario would have little 
or no impact on this market segment. 

Toll Sensitivity 

Conventional Reefers 

Reefer trade is concentrated around a reduced number of commodities (mainly bananas, 
seafood and apples) and a reduced number of countries. As most reefer trade routes are 
almost captive to the Canal, Reefer trade is not sensitive to small toll increases. Only on 
high toll increase scenarios some cargo diverts from the Canal route, reducing Canal 
revenues. 

General Cargo Ships 

According to Global Insight’ analysis, the toll elasticity for general cargo ships is 
extremely small (less than 0.2) so that increases in tolls are not likely to result in shifts by 
ship operators/owners to bypass alternative routes. Therefore, increases in tolls should be 
tolerated by these ships and ACP should be able to raise toll levels quite substantially 
with little or no effect on the number of transits. 
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