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Panama Canal Traffic and Transit Model 
 
An Integrated Planning System for Projecting Canal Traffic, Transits and Revenues 2000 through 2050  
 
Prepared by 
 
MergeGlobal, Inc. 
Arlington, Virginia 
 
Final Report on Contracts # CNP-34933 
 
 
 
Objective   
 
The Panama Canal Authority is responsible for the operation, maintenance, and improvement of the Panama Canal.  
As part of the effort to improve the analytical capabilities of the Canal staff, the Canal Authority contracted with 
MergeGlobal, Inc., an Arlington, Virginia based consultancy specializing in developing global transportation 
databases and related consulting projects, to design and build an “integrated planning system”.  The goal of this 
system was to allow the easy analysis of Panama Canal traffic and transit databases in light of changing external 
economic and market conditions.  A secondary, but equally important goal of the project, was to allow the 
Marketing staff to analyze the feasibility and viability of adding a 3rd set of locks.  To meet this goal the model 
developed had to provide superior flexibility to modeling alternative traffic growth projections and also allow for 
larger ship sizes (in excess of existing Canal lock dimensions).   
 
Given the needs to meet both short and long-term analytical challenges, the contractors determined the best 
approach was to develop an integrated global framework model with the Panama Canal Authority core data at the 
heart of the model structure.  The model is designed to take external information on economic growth and 
international trade and seamlessly combine it with internal Canal operational activities.   The goal is a model to 
predict Canal operational data including forecasts of: 
 

1. Traffic by Major Canal Routes (see Table 1) and Commodities (see Table 2); 
2. Transits by Ship type (12 types, see Table 3) and Ship Size (19 size classes, see Table 4); 
3. Revenues by Route, Ship-type, and Ship-size.   

 

In developing a forecasting and modeling tool for the Panama Canal Authority MergeGlobal has balanced operational 
effectiveness with economic theory.  This tool, however, is not a substitute for careful analysis of shipping market 
conditions and ship owner operational patterns.   
 

 This model has been designed to be an active agent – integrating in a semi-automatic fashion the 
Canal’s own internal databases with external information drawn from SeaFlow, a global trade and 
transport information system designed for the maritime freight industry.  In the following pages the 
core structure of the model including the underlying approach and assumptions about world trade and 
world fleet are detailed.   
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Project Characteristics    
 
The Panama Canal has both an on-going need to improve operational efficiency through and a long-term need to 
expand capacity.  To meet these twin goals the Canal Authority contracted with MergeGlobal to provide a well 
integrated model capable of meeting the on going needs of the Canal as well as future needs.  Unlike other efforts 
this system of models was designed for ease of use by Canal staff and flexibility in assumptions.  The core 
requirements of this planning tool for the Canal are: 

 Integrate with existing Canal traffic and transit databases through a semi-automatic data linkage; 
 Automatically update coefficients in a PCA traffic model linking to internal Canal data and to external 

data provided by an independent model for Ocean borne trade; 
 Project transits through the Canal by 12 ship-types and 19 size classes; 
 Allow for larger vessels (within the Panamax constraint) in measuring future transits; 
 Allow planners to measure the impact on traffic, transits, and revenues under varying assumptions 

about lock size and future size mix for the world fleet; 
 Project traffic, transits, and revenues over an extended time period (through 2050). 
 Produce useful summary reports from dynamic databases. 
 Allow for changes in underlying macroeconomic, trade, Canal operational and tariff assumptions, and 

traffic assumptions and simulate results in future Canal traffic, transits, and revenues. 
 Produce a short-term, monthly, estimate (2 years) of traffic, transits, and revenues. 

 
 
 
Preparation of New Data – Links to Internal and External data sources and model re-estimation procedures    
 
The Panama Canal Authority collects data from each ship transiting the Canal.  The Canal collects information on: 
 

1. Route and Commodity; 
2. Ship characteristics – ship size (DWT, length, beam, draft, and PC/UMS), utilization, tolls and other 

charges paid, etc.); 
3. Transit characteristics (time of entry into Canal waters, time of departure, in-transit time, use of Canal 

resources, etc.).   
 

The starting point for analysis of PCA traffic and transit information is the PCA data itself.  An analytical 
framework needed that could transform the PCA data into information that could be easily integrated with external 
information needed to be established first. Thus the commodity and route databases had to be merged with the ship 
characteristic and transit databases.   
 
The linkage between PCA data and world maritime data is not a simple one.  The reason for this is that the Canal 
information is collected one ship transit at a time.  It is coded into the Canal’s own computer information system 
both in terms of the ship’s own characteristics and the commodity flow.  A limited number of commodities are 
categorized with the very large and important container trade grouped into a single, non-product specific, category.   
Moreover, the decision to transit the Canal is not always clear cut but may adjust as the relative cost of Canal versus 
non-Canal transit adjust.  Any model developed to link data must cross these hurdles since the PCA’s own data sets 
by themselves cannot answer these questions.   
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To facilitate the model development the transit database had to be transformed to a series of data relating transit 
costs to commodity flows by route. In this way the change in traffic (by commodity and route) could be measured 
against changes in cost of transit (by commodity and route) and changes in world trade (by commodity and route).    
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• Internal canal traffic data is used as a starting point.   
• Regular updates from this on-going Canal information system are fed into a data processing module developed 

in Microsoft Access.    
• External data from MGI SeaFlow maritime trade databases are integrated into a single traffic-forecasting tool.  
• Semi-automatic re-estimation procedures are included to insure reliability of the core forecasting model as 

traffic and transits change over time.    
• A long-term model of the macroeconomic and trade environment allows for exogenous adjustments by PCA 

staff of key factors including GDP, consumption, investment, and world trade variables.    
• A World Fleet model adjusts PCA fleet ship size distributions based on projections of world fleet by type and 

size class.  
• A PCA Route Specific Transit model that integrates data derived from PCA databases with factors developed 

using Access programs to develop estimates of ship transits by ship size and size class. 
• A PCA Route Specific Revenue model that takes transit information and rate information and develops 

estimates of potential revenue by route. 
 
These models form a single integrated whole combining new data from external and internal sources.  The goal of 
the development is to create a system that can be used to simulate alternative traffic, transits, and revenues under 
varying assumptions about trade, ship operator economics, and toll structures.  
 
Model Preparation Stage 
 
The model is designed to take Canal data and data on world maritime traffic growth (from MGI’s SeaFlow maritime 
trade database) and to develop a unique series of factors that relate Canal traffic to world trade taking into account 
tolls paid and transit time delays.  These econometrically developed factors are then used in a simulation tool for the 
analysis of future ship transits by type of vessel and size class.  Finally ship transits are related to forecast revenues.  

Steps in the Process of Data Transformation 
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Thus the model can be used to develop future budgets for the ongoing operations as well as for the analysis of the 
impact of a set of locks (of varying sizes) on traffic, transits and revenues.   
 
In the preparation stage Canal traffic data is analyzed through a direct link to PCA databases.  This automatic 
update allows the PCA staff to re-estimate model parameters on a regular basis.   
 
 
Model Simulation Tool 
 
The simulation tool is designed to allow the Canal staff to easily access the model and to test alternative 
assumptions.    The interaction between models is key to using a simulation tool for analysis of alternatives.  While 
the models depend primarily on data derived from PCA databases, they must also be flexible enough to allow for 
modification of Canal parameters to reflect future ship sizes.  Thus they need to look forward as well as back.   
 
The SeaFlow deliverable (CNP-33852) is the starting point for the model simulation.  As part of this deliverable, 
both a trade and macroeconomic baseline (extended through 2050) is delivered.     
 
Models in the Simulation System 
 

• MGI Macroeconomic Model   allows for changes to be made in key variables including GDP, personal consumption 
spending, business investment, international trade at a country or regional level.  Impact of one country’s relative adjustment 
is passed to other countries through impacts on international trade and rate of economic growth.  

• MGI International Trade Models translate macroeconomic simulations into changes in detailed product and trade route.  
Individual flows may be further adjusted directly as needed allowing refinement of external trade forecast prior to use in the 
PCA Traffic and Transit module.      

• PCA Operational Factors allows PCA staff to adjust operational parameters associated with the current and the new Canal. 
Changes can be made in canal waters time, tolls charged and maximum ship size (based on lock dimensions).  All of these 
variables impact the likely traffic using the Canal and the number of ship transits.  

• PCA Market Adjustment Tool allows results from Macro, World Trade, and Operational assumptions to be altered directly 
at a route and commodity level of detail.  This allows PCA staff to measure the impact of changing routes based on 
interviews and other external information sources.     

• MGI World Fleet Model allows changes to be made in projected world fleet by vessel type and size based on exogenous 
assumptions about ship operating costs or independently by adjusting relative numbers of vessels by size class (used in ship 
distributions and included in the PCA Transit tool). 

• PCA Transit Model uses information from the World Fleet model in conjunction with data from the PCA Traffic Tool, and 
develops projections of transits by ship type and size class.  To allow for larger locks, PCA staff is allowed to choose 
maximum draft, beam and length of added lock capacity.  Larger locks will automatically allow ship size migration above 
the maximum DWT allowed for each vessel (based on past Canal transits).   

• PCA Revenue Model takes information from the Canal transit costs tool and the transit model and develops projections of 
revenues per transit and total revenues by vessel type, size, and route.   

 
These models and tools form a unified analytical system that will allow PCA staff to easily monitor current and 
future Canal traffic, transits and revenues.  They are designed for ease of use and flexibility.  One of the most 
important aspects of this modeling tool is its ability to model the potential of any new Canal to attracting business.  
As such the model has to allow for ship sizes in excess of current ship sizes.    
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Data Organization 
 
The development of traffic and transit models depends upon a careful organization of data.  PCA databases offer 
analysts a wealth of information to be used for purposes of developing models of both traffic and transits.  While 
the Panama Canal traffic may only account for just 4% of world trade (measured in tons shipped via the world’s 
ocean), it is reasonable sample of the world fleet.    Prior to the development of very large crude carriers, Cape sized 
ore carriers, and liner container ships in excess of 3000 TEUs the lock size of the Canal was adequate to allow 
nearly 100% of the world fleet to use the shortcut.  As ship size increased the Canal saw more potential business go 
elsewhere or find new routes that took advantage of ship size to gain scale efficiency.   Allowing these larger 
vessels through the Canal in the future, assuming the new size of the locks is sufficient to allow for this, will reduce 
the number of ship transits while increasing the total tonnage passing through the Canal. 
 
Table 1 shows the commodity categories used by the PCA to collect trade information.  Information is filled out by 
hand (but in future will be available electronically).  Containerized trade is grouped into a single commodity for 
some other products.  Some other products – notably machinery and equipment – may or may not go on container 
vessels.  Refrigerated products, as reported by the Canal, tend not to go on liner vessels although there may be 
similar products in boxes on container vessels.  Thus there may be a significant amount of difference between the 
SeaFlow product categories (see Table 4) and the PCA product categories (Table 1).  To handle these differences 
the containerized product category used in the SeaFlow-PCA traffic model is based on the metric tons containerized 
across all 80 SeaFlow commodities.  
 
 
 

Chart 1: PCA Traffic and Transit Simulation Tool
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PCA Code Description PCA Code Description 

P01 Banana P02 Reefer,Other 

P03 Wheat P04 Corn 

P05 Grain,Other P06 Soybeans 

P07 Sugar P08 Food & Agriculture 
P09 Pulpwood P10 Lumber Products 

P11 Paper P12 Phosphates 

P13 Fertilizers P14 Minerals, Misc. 

P15 Alumina/Bauxite P16 Ores, Other 

P17 Iron & Steel P18 Scrap Metal 

P19 Metals, Other P20 Chemicals 

P21 Crude Petroleum P22 Petroleum Residuals 

P23 Petroleum Coke P24 Petroleum Products 

P25 
Petroleum 
Chemicals P26 Coal & Coke 

P27 Automobiles P28 Containerized 

P29 Other     
  AF CE CW EA EC EL EU OC SA UE UW WC WL 

AF     0.8 0.1       0.2    0.3 1.1 0.2 

CE     0 1.6       0 0.1  0.4 0.4 0.2 

CW 1.8 0.1     0.5 0.6 5.7    0.5      

EA 0 0.6     2.9 0.3 0.2  0 19.5      

EC     0 2.7       0.1 0.2  3.1 2.3 1.7 

EL     0.1 1.4       0 0.1  3.4 2.6 6.2 

EU     0.1 0.2       1.0 0  4.0 1.1 2.1 

OC 0 0.5     0.3 0 0.6    2.0      

SA   0.1   0 0.6 0 0.1      2.8    

UE     0.4 55.6       2.8 4.4  2.7 4.2 8.3 

UW 1.2 0.3     0.6 0.4 4.7    0.8      

WC 0.3 0.3     1.0 0.3 0.9    2.7      

WL 0.3 0.4     4.0 0.9 6.8    9.1      
 

Table 1: PCA Commodities    

 
Table 2: PCA Route 
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Major Ship 
Type Description 

Aggregate 
Ship Type 

M01 General Cargo GC 
M02 Refrigerated Cargo GC 
M03 Dry Bulk BK 
M04 Tanker TK 
M05 Container/Break Bulk LI 
M06 Full Containership LI 
M07 Roll On/Roll Off GC 
M08 Vehicle Carriers GC 
M09 Vehicle/Dry Bulk GC 
M10 Liquid Gas TK 
M11 Passenger Ships GC 
M12 Other GC 
 

 
Table 3: PCA Ship-types [T,A] 
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Code Description Code Description Code Description Code Description 

C1A Grain C3521 Paints, Varnishes and Lacquers C311C Sugar C3831 Electrical Industrial Machinery 

C1B Oil Seeds C3522 Drugs and Medicines C311D Animal Feed C3832A Radio and TV 

C1C Vegetables & Fruits - requiring 
Refrigeration 

C3523 Soap and Cleaning Preparations C311E Animal and Vegetable 
Oils 

C3832B Semi-conductors, Electronic 
Tubes,etc 

C1D Vegetables & Fruits - non-
Refrigerated 

C3529 Chemical Products, nec. C311F Other Food C3832C Other Communications 
Equipment 

C1E Cork and Wood C353 Petroleum Refineries C313 Beverages C3833 Electrical Appliances & 
Houseware 

C1F  Natural Rubber C354 Petroleum and Coal Products C314 Tobacco C3839 Electrical Apparatus, nec. 

C1G Cotton C355 Rubber Products C321 Textiles C3841 Shipbuilding and Repairing 

C1H Other Raw Textile Materials C356 Plastic Products, nec. C322 Wearing Apparel C3842 Railroad Equipment 

C1J Coffee C361 Pottery, China etc. C323 Leather and Products C3843A Motor Vehicles  

C1K  Cut Flowers and Foliage, etc. C362 Glass and Products C324 Footwear C3843B Parts of Motor Vehicles 

C1I Other Agriculture          C369 Non-Metallic Products, nec. C331 Wood Products C3844 Motorcycles and Bicycles 

C2A Stone/Clay/Other Crude 
Minerals 

C371 Iron and Steel C332 Furniture and Fixtures C3845 Aircraft 

C2B Crude Fertilizers   C372 Non-Ferrous Metals C341A Waste Paper C3849 Transport Equipment, nec. 

C2C Ores C381 Metal Products C341B Pulp C3851 Professional Equipment 

C2D Coal and Coke C3821 Engines and Turbines C341C Paper and Paperboard 
and Products 

C3852 Photographic and Optical Goods 

C2E Crude Petroleum C3822 Agricultural Machinery C342 Printing and PublishingC3853 Watches and Clocks 

C2F Natural Gas C3823 Metal & Wood Working 
Machinery 

C3511A Organic Chemicals C390A Toys, Games and Sporting Goods

C2G  Scrap C3824 Special Industrial Machinery C3511B Inorganic Chemicals C390B Jewelry 

C311A Meat/Dairy/Fish requiring 
Refrigeration 

C3825 Office and Computing 
Machinery 

C3512 Fertilizers and 
Pesticides 

C390C Misc. Manufacturing Goods 

C311B Other 
Meat/Dairy/Fish/Fruit/Vegetab
les 

C3829 Machinery and Equipment, nec. C3513 Synthetic Resins C399 Commodities not Classified by 
Kind 

 

 
The PCA model must be adaptable allowing for changing patterns of trade and changing mix of ship sizes.  Changes 
in industrial organization within the Maritime freight industry can make a significant difference to the Canal.  
Model these changes, or at least being able to simulate them and measure their impact on the Canal, was an 
important element in the consulting assignment.     
 
The first step in developing any model is to decide what is the economic argument driving demand.  It may be trade 
growth or it may be price.  In the case of the PCA it is both trade growth and the cost of transit that are of critical 
importance.  Do  ship operators respond to economic arguments?  Are they sensitive, for example, to the cost of 

Table 4: SeaFlow Commodities 
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using the Canal?  Are they tied closely to the growth of world trade or is the trade they carry so limited and so 
plentiful that they can ignore the laws of supply and demand?   
 
Canal traffic data was aggregated using more detailed data.  This data covered more than 100 commodities nearly 
all bulk or tanker products.  These 100 commodities were aggregated into a more meaningful set 29 commodities 
(Table 1).   Major PCA routes were used.  The total number of potential routes is 169, however, only about 80 have 
significant trade using the Canal (Table 2).   Twelve ship-types were designated representing a mix of vessels by 
type (Table 3).  Ships within each ship-type were categorized into 19 separate ship sizes ranging from very small 
vessels to larger ones (Table 5).  
 
Ships that could transit the Canal vary in size class maximums.  For example, the largest liner vessel currently using 
the Canal falls in S09 class since liners tend to be lighter (in DWT) than other vessels, such as bulk and tankers.  
Size class S11 is the largest size class for bulk and tanker vessels.  General cargo vessels carrying refrigerated 
products tend to max out at S04 usually in one dimension (mostly beam).  There are few ships that fill the locks 
completely but there is a higher proportion of the transits where at least one of the three dimensions constrains the 
transit (length, beam, or draft).1   

 
 
 

Size_Code Size_LowerLimit Size_UpperLimit 

S01 0.00 10,000.00

S02 10,000.00 15,000.00

S03 15,000.00 20,000.00

S04 20,000.00 25,000.00

S05 25,000.00 30,000.00

S06 30,000.00 40,000.00

S07 40,000.00 50,000.00

S08 50,000.00 60,000.00

S09 60,000.00 70,000.00

S10 70,000.00 80,000.00

S11 80,000.00 90,000.00

S12 90,000.00 100,000.00

S13 100,000.00 125,000.00

S14 125,000.00 150,000.00

S15 150,000.00 175,000.00

S16 175,000.00 200,000.00

S17 200,000.00 250,000.00

S18 250,000.00 300,000.00

S19 300,000.00 1,000,000.00

 
 
 

                                                      
1 Even with a larger lock size the likely maximum is only S14.  These very large ships are mainly crude oil carriers carrying 
crude oil from the Middle East to Europe, North America and Southeast Asia.  None of these routes needs to use the Panama 
Canal.   

Table 5: PCA Ship Size Classes 
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Using Commodity Data and Transit Data 
 
Both the traffic and transit modules depend upon the translation of PCA tonnage data and ship transit data into 
meaningful inputs to the traffic and transit models.  This integration is not straight forward.  PCA collects data both 
in terms of ship transits – where the ship is routed to – and in terms of commodity data.  The commodity data 
conforms to the trade flows that drive PCA transits, while the ship transit data reflects the mix of vessels that are 
carrying this trade.  Ship size matters in defining both the average cost of transit (a key element in determining 
vessel operator behavior in light of changing world trade patterns and costs) since the larger the vessel, the less on a 
per ton basis it costs to transit the Canal.  Yet not all vessels are operated efficiently nor are they always full.  The 
traffic and transit model depends upon a carefully developed “statistical” linkage between average costs for a 
commodity flow (defined by trade route, R; commodity-type, C; and aggregate ship-types, A).  Aggregated ship-
types cover liner, tanker, bulk, and general cargo vessels.      
 
Trade data tends to be commodity and route driven, while ships may carry multiple products within their holds and 
on their decks.  Ships may be completely filled (fully utilized) or partially utilized.  The difference in utilization 
affects ship profitability since the cost of operating the ship varies little with the volume of the cargo on board.  
Ships using the waterway are of different sizes too.  They also pay different tolls since tolls are based on the 
carrying capacity of the ship itself.  To develop then a useful model for the Canal the consultants had to find a 
synthetic bridge between the two different units of measure – traffic as measured by commodity and route and ship 
transit costs as measured by tolls paid, time spent in transit, and ship utilization.    
 
Table 6 shows how these two different concepts can be merged together.  In this hypothetical example each ship 
passing through the Canal pays a separate toll.  PCA tonnage data shows clearly the route of the ship and 
commodity flows attempt to represent the true route (rather than the next port of call).  For many ships the cargo 
must be allocated to more than one route.   For example, ships often traveling from the US West Coast and Central 
America transit through the Canal, stop at the US East Coast and then continue on to Western Europe.  Cargo is 
loaded and unloaded in both markets, making it four routes rather than one.   
 
Multiple Dimensions 
 
Each ship transit is unique both from the point of view of the cargo carried and the relationship of that cargo has to 
ship economics (will the voyage earn a positive rate of return).  What happens at the Canal can have an impact on 
ship economics – tolls charged and time waiting for transit.  The second element that drives Canal traffic is the 
general growth in world trade.  From the shippers perspective what matters is that the products ordered will be 
delivered.  Thus the demand itself is independent of the choice of route.   
 
Each record in the PCA database represents a single ship transit.  Each ship transit reflects the mix of cargoes 
carried, the tolls charged, the time in Canal waters, and the routes covered. A vessel operator must decide on which 
routes it pays to conduct business.  Choice of routing – either through the Canal or around it – will depend upon a 
number of factors that can change over time. Traffic through the Canal, under varying assumptions about ship 
utilization and average ship size, can be measured econometrically (statistical models designed to relate may be 
assessed, as is here, in terms of dead weight tons of capacity, DWT, and the cargo on board).  Ship utilization is the 
ratio of tons to ship size (Total Tons of Cargo / DWT).  Profitability depends upon tolls per ton of cargo carried 
while ship costs depend upon tolls per PC/UMS – the physical capacity of the ship.  
 
For a ship owner, choosing to transit the Panama Canal also carries a risk.  What is the likelihood of spending more 
days waiting for transit?  If the risks are high then the choice of taking an alternative route becomes more likely.   
For example, in table 6, a bulk carrier (identified by ship number 394568) is carrying 5000 tons of commodities on 
a specific route.  It is a ship of 35,000 DWT and on that transit it had 20,000 tons of total cargo on board.  It was 
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thus 57% full, paid tolls of $ 35,000 or an average of $ 1.75 per ton of cargo.  It took 0.8 days to transit the canal.  
Another ship, #425675, carrying the same commodity was only 48% full and paid 55 cents per ton.  (We could 
equally have distinguished PC/UMS per ton of cargo since these tons are the tolls charged for a laden voyage 
divided by the rate charged, i.e. $ 2.57 per PC/UMS.)  Table 21 in the Appendix of this document shows the actual 
costs per day of ships waiting at Panama by size and type.  
 
What is important is the concept, not the numbers.  The commodity weight is used to relate the actual costs of 
transit for all ships carrying the commodity through the Canal.  Since we can’t model each ship transit alone but 
rather the total tons carried (on multiple voyages), then we need to use a weighted average.  Since ships carry 
multiple cargoes we have to employ this approach to split transits by commodity.  In short the basic building block 
for our analysis of traffic growth is the commodity trading on a route.  This is not the normal data of importance to 
the Canal.  The Canal’s interest is revenues per ship transit with commodity transiting only of secondary 
importance.   
 
In this example the cost of transit – paid for by the shipper through the tariffs paid – is that we have equated 
everything to a ton of cargo.  This is the case both for tolls charged and also for transit time or Canal Waters Time.  
By computing these concepts across all ships carrying cargo of one commodity type on one route within a given 
time period, the average time in transit through the Canal for each commodity can be estimated.  This time will vary 
over the sample period.  Since time is money the time delay for transit along with tolls represents the economic cost 
of using the Canal (it may be balanced against the difference in time between the Canal route and alternative 
routes).  Still, when canal transit delays increase, this adds both cost and uncertainty to the Canal routing for some 
ships and will tend to reduce likely transits through the Canal in the future.  Surprisingly the cost of waiting at the 
Canal often is far greater than the cost of transit on a per ton basis.  A two or three day wait could easily make what 
might have been a profitable charter into an unprofitable one.  This calculus, whether it is by the ship owner or the 
company that charters the ship, has been driving the failure of the Canal today to maintain fully its historical market 
share.   While the cost of tolls per ton for this example was close to $ 2.22, the cost of waiting at the Canal was 
equal to more than ½ of that amount or $ 1.57.  A two-day wait would mean that the waiting time would be almost 
double the transit time and the cost of waiting would be more than the cost of transit.  Not surprisingly ship owners 
are aware of when the ship queue becomes longer and not surprisingly the number of ships paying reservation fees 
has increased.   
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Table 6:  Example of Joining Ship File and Commodity File  

 

PCA Traffic 

Ship # Tons[RCTS] Distribu 
tion DWT Total  

Tons Utilizati
on Tolls

Tolls($)
/MT

CWT(
Days)

CWT/Ton
s

$*CWT/T 
ons

Transit Cost  
per Ton 

394568 5000 6.6% 35000 20000 57.1% $35,000 $1.750 0.8 4.0E-05 1.40 $    $3.15 
425675 15000 19.8% 31000 15000 48.4% $32,000 $2.133 1.2 8.0E-05 2.80 $    $4.93 
153845 25000 33.0% 38000 12000 31.6% $37,500 $3.125 0.5 4.2E-05 1.46 $    $4.58 

78456 5000 6.6% 31000 29000 93.5% $32,300 $1.114 0.8 2.8E-05 0.97 $    $2.08 
154666 17000 22.4% 38000 18000 47.4% $35,600 $1.978 0.6 3.3E-05 1.17 $    $3.14 
384567 8750 11.6% 33000 29000 87.9% $33,500 $1.155 0.8 2.8E-05 0.97 $    $2.12 

Aggregate 75750 100.0% 35376.2 17554 50.7% $35,014 $2.22 0.74 4.47E-05 1.57 $  3.79 $   
St.Deviation 3204.2 7120 24.5% $2,114 $0.74 0.24 1.97E-05 0.69 $  1.20 $   

Route, Commodity, Type of Vessel (Liner, Tanker, Bulk, General Cargo)

Measure Tons by Ship Transit 
Aggregate for Single Size Class, 

Ship Type, and Route 
Each ship carries multiple  
cargoes as measured by 
Tons[RCTS].  Total tons 
reflect the total of all cargo 
on board.  Tons[RCTS] is 
used to weight averages calculated 
for DWT, utilization, CWT, and  
Canal tolls. 

Ship Economics
depends upon the cost of transit: 
Tolls per ton of cargo carried & 
Cost per day of waiting at the  
Canal on a per ton basis. 

Transits depend upon average 
ship size and util ization.  This 
varies by vessel using the Canal
thus a weighted average using 
commodity weights (RCTS) is
calculated.  Traffic tons are 
distributed across ship types and
sizes and then averages for DWT
and utilization are used to measure
transits.  

 
Organization of PCA Traffic and Transit Data  
 
There are multiple steps in the process of transforming traffic through the Canal (forecast only) into likely Ship transits 
by size and ship characteristics.  At its most detailed level the data is distinguished by: 
 

 Route [R] 
 Commodity [C] 
 Ship-type [T] 
 Ship-size [S]. 

  
Traffic data – measured in tons  -- reflects trade at the  R/C/A level, i.e. Route, Commodity, and Ship Aggregate (liner, 
tanker, bulk, and general cargo vessels).   Ship size is divided into 19 classes of vessels while ship transits fall into 12 
different ship-types.  Ships may carry any cargo on board but in general tankers carry liquid bulk products, bulk ships 
primary materials (which are dry), and general cargo vessels a range of products from break-bulk (in sacks) to 
refrigerated pallets.   
 
The traffic model aggregates tolls per ton and canal waters time per ton in terms of aggregate ship type – liner, tanker, 
bulk, and general cargo vessels.  The transit model aggregates average ship size (measured by DWT), ship utilization 
(tons on board relative to DWT), and total tons carried by 12 ship-types and 19 size classes – Route, Commodity, Ship-
type, Ship Size [R/C/T/S].     
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By Aggregate Ship-type (Liner, Tanker, Bulk, and General Cargo) 
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By 12 Ship-types and 19 Size Classes 
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To summarize then the PCA Traffic and Transit Model: 
 

1. Measures likely ship transits in terms of the commodity flows by aggregate ship type by route. 
2. Traffic growth depends upon ship costs as measured using the same metrics – commodity, route, and 

aggregate ship type. 
3. Transits are based on factors developed for each ship type and ship size at the commodity, route, and 

aggregate ship type level.   
4. Factors depend upon a weighted average of ship transits by commodity carried.  

 
Equations for Developing Factors by Ship-types (Detailed and Aggregated) 
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PCA Traffic Demand Model 
 
The traffic demand model relates tonnage by commodity, route and aggregated ship type to world trade and cost of 
transiting the Panama Canal.  It is based on a complex series of linked models designed to allow potential growth to 
be assessed in light of past patterns of shipper response.  In developing this model we have had to balance 
simplicity against usefulness.  The final model developed is not a single model framework but rather seven separate 
models arranged in hierarchical order from the most elaborate to a simple time trend.   
 
Each successive model is less detailed in scope insuring that at least one of these “forms” will prove successful.  
Failure of one model is based on a statistical test of validity.  Failure usually is due to limitations of PCA data to 
support more complex analytical approaches.  Sparseness of data can lead to singularity and to the inability to 
develop a regression result.   
 
Given the semi-automatic nature of the model system, this tiered approach was necessary.  It insures consistency 
while allowing new data to define a new model as needed without intervention.    Seven different model forms are 
available and the system operates automatically.  This ensures that there will be some relationship available to the 
model that relates traffic growth through the Canal to trade growth and transit costs. 
 
A final check, again automatic, is to limit coefficients to ranges that are meaningful and useful for forecasting.  The 
model thus eliminates the possibility of counter-intuitive results, i.e. trade increases when transit costs increase.2     
 
Core Traffic Model Structure 
 
Canal traffic data is arranged in terms of five dimensions: 
• Route [R] – 169 routes; 
• Commodity [C] – 29 commodities; 
• Ship Type [T] – 12 ship-types; 
• Ship Size [S] – 19 ship size classes; and 
• Time [t] – 65 years (15 history and 50 forecast). 

 
 This R/C/T/S level of disaggregation which serves as the building block for the ship transit model was judged to be 
too disaggregated for the traffic model.  There is simply too much data to build a reasonable model of traffic.  
 
 
 
To make this simpler the traffic model was developed based on a four dimensional set of data: 

1. Route [R]; 
2. Commodity [C]; 
3. Ship Aggregate [A] – 4 aggregate ship-types; and 
4. Time [t]. 

 
The four aggregate ship-types are liner, tanker, bulk, and general cargo vessels.  The model is estimated in terms of 
individual trade routes using a cross commodity [C], cross ship aggregate [A], and cross time data set for each 
variable used in the basic model.  Thus the pool variable is no longer two dimensional but rather three dimensional 

                                                      
2 For example positive price elasticity’s are set equal to zero.  If world trade elasticity’s are negative these are set equal to zero.  
This ensures that the scenarios will measure accurately the likely changes.  In general there were only a few of the routes on 
which these “adjustments” were needed.  In general the model conformed well to the a priori expectations of the analysts.  
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with the ship aggregate variable representing the volume carried on ships of each type during the period in question 
for the route under study.  Since commodities tend to go on certain vessels much of these matrices are null.  Thus 
there is no containerized cargo shown as being carried on tanker vessels and only a limited amount of tanker 
products shipped on bulk vessels.  General cargo vessels and liners often share loads and some containerized cargo 
may go on bulk vessels. 

 
 
 PCA Traffic Model 

PCA 
Trade by Commodity 

by Trade Route 
(169 routes by 29 commodities) 

Ship Characteristics   
by Ship Transit  

 Route, Type, Size Class 
Total Tons 
Tolls/Ton  

CWT  
Cost per Day * (CWT/Tons)  

PCA Commodity Data 
by Ship Transit 

by Route 
by Commodity 

Simplified Canal 
Data by 4 Ship-types 
• Liner 
• Bulk 
• Tanker
• General Cargo/Other 
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PCA Ship Transit Costs per Ton 

Dependent Variable
Canal Traffic Tons

Independent Variable
World Sea Trade Volume

Independent Variable
Cost of PCA Transit

PCA Traffic by Commodity by Route by Ship Type = f { SeaFlow Trade by Route by Commodity, PCA Ship Transit  
Costs Per Ton, Total Transit Costs Comparison },

where: 
• SeaFlow Trade by Route by Commodity by Aggregate Ship type;

• PCA Ship Transit Cost Per ton by Route by Commodity by Aggregate Ship type [$Tolls/Ton + $ShipCost per Day *CWT/Tons]  
 

Chart 2:  PCA Traffic Model (Tons of Trade by Route and Commodity) 
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Model 1: Advanced PCA Elasticity Framework Model 
 
Model 1 is a three-dimensional model of traffic by route, commodity, and aggregate ship type.  It relates transit 
costs and trade.  Coefficients estimated are, however, specific to the type of commodity and the ship type.  The 
rational behind this model form is that ship cost should be related to the vessel operating costs for transit of the 
Canal. The calculated elasticity is by ship type (aggregate only, not detailed ship type).  Trade effects, as measured 
by trade elasticity coefficients, are based on groups of commodities with the same trade effect across all four ship-
types.    

 
 
 

Commodity Group in Traffic 
Model 1 

PCA Commodity Codes 

Reefer P01, P02 
Grain P03, P04, P05, P06 
Agriculture P07, P08 
Wood P09, P10, P11 
Fertilizers P12, P13 
Metals P14, P15, P16, P17, P18, P19 
Liquid Products P20, P21, P22, P23, P24, P25 
Coal P26 
Automobiles P27 
Containerized P28 
Other P29 
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Model 1 is the most complex model and it is generally preferred since it allows for the finest distinction between 
traffic flows and trade flows.   Given that it is data hungry – requiring data for most commodities for the route to 
allow for coefficients to be estimated, it is usually only successfully used on the largest and most important routes.  
Out of 91 models tested, Model-type 1 is used only nine times, still out of the largest 10 routes it is used 5 times, so 

Table 6: Commodity Groups Used in Model 1 

Equation: Model 1 - Transit Cost by Aggregate Ship Type and Trade by Detailed Commodity Type  
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it accounts for a significant amount of Canal tonnage using its more elaborated estimates that more precisely split 
the trade effect by more detailed commodity aggregates.   
 
Model Notes: Model Estimation Procedures 
  
Hierarchical Estimation 
Given the nature of the problem – insuring that the resulting estimated model will automatically conform to accepted statistical tests – we have 
developed an semi-automated procedure for shifting PCA traffic models from one model framework to another.  As explained Model 1 is our 
preferred form as it includes explicitly the cost factors and the trade factors that should impact Canal traffic.  But Model 1 may be too data intensive 
for many of the PCA routes which had a more limited product mix, but we have had to integrate in a control sequence where if Model 1 fails then 
Model 2 is tested, if it fails then Model 3, etc.   
 
Model 1 integrates the impact of two conflicting factors.  One represents price and the negative influence of higher 
prices on traffic growth.  The second represents the general economic environment driving demand for trade (and 
ultimately for traffic through the Canal). The first effect redirects cargo when costs of transit increase, while the 
second is driven by the location of trade and the growth of international trade by region.  The first effect thus 
impacts the ship operations and should be tied closely to the “type of vessel operating” while the second is 
generalized across all four ship-types and reflects the type of commodity shipped.  Some commodity categories tend 
to through Panama while others may not.        
  

Ship Operational Variables 
 
Transit costs are derived from PCA actual data.  Two factors are calculated on a per ship transit basis: 
 
1. Canal Waters Time (CWT) measuring time spent in the Canal waters waiting for and transiting the Canal.  This 

is measured on a per ton of cargo carried basis.   
2. Tolls per ton of cargo carried by transit. 
 
Transit costs are the joint effect of time spent waiting to transit and the tolls charged.   Relative costs of choosing a 
non-Panamanian route proved to be less interesting econometrically.  The cost in days of going through Panama or 
around Panama is generally fixed and in econometric models to be successful variables need to have variance, i.e. 
change from period to period or product to product.  In all models we will use ship costs transiting the Canal alone.  
Since the decision to use the Panama Canal or not use it is an “either, or” decision, then the change in the cost of the 
known variable, i.e. the transit cost, can measure the change in the trade.  When costs are high more trade chooses 
not to transit and when costs decline more ship operators choose to transit the Canal.   
 
Transit costs reflect four factors: 
 

1. Canal waters time – the time between entering the Canal waters and leaving the Canal waters including the 
delay waiting to transit. 

2. Daily ship operating costs (in port, rather than at sea). 
3. Tolls charged based on PC/UMS tons for each ship transit. 
4. Tons on board each vessel, a measure of how costly a delay may be on a per ton of cargo basis.  

 
Ship transit costs are sensitive to the cost of ship operations on a daily basis (tied closely to ship size) since the wait-
time must be translated into a price for waiting at the Canal.  
 
For any single ship transit then the cost per ton to use the Canal can be estimated: 
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Transit Costs = (CWT/Tons on Board)*Daily Ship Operating Costs + (Tolls/Ton).  
  
 
Transit Cost Effect 
 
Each ship transit is weighted by the tons of a specific commodity carried on a specific type of vessel.  Since bulk 
vessels tend only to carry bulk commodities this means that the transit costs for bulk will be filled in but there will 
be no transit costs available for liner, general cargo, or tanker.  For some commodities – i.e. general cargo products 
– a commodity may ship partly on reefer vessels and partly in container vessels.  In any case the transit costs used in 
the model reflect the three dimensions of route, commodity, and aggregate ship type [RCA].    
 
There are four aggregate ship-types:  
 

1. Liner or container vessels – measured by total containerized cargo. 
2. Tanker vessels – measured by energy and some chemical products. 
3. Bulk vessels – measured by primary products from corn to iron ores. 
4. General Cargo vessels – measured by refrigerated products, automobiles, and some capital equipment 

(transport and construction products).   
 
Each ship operator faces the same risks when choosing to enter the Canal waters.  Once committed the time delay to 
go by an alternative route is prohibitive.  Thus most decide in advance whether or not to use the Canal.  The choice 
is dependent upon schedule and the risk of waiting in the queue.   Alternative routes while longer may be more 
certain in terms of days at sea (and thus costs since each day has a fixed cost associated with it) .    For non-liners 
there is typically no set route only a set destination.  Thus a ship can divert mid-ocean and choose a different route.   
 
Many of the routes are equidistant with the advantages of Panama often quite limited (in days sailing).  From the 
East-cost of the United States, for example, Hong Kong is equidistant in terms of days through Suez or the Canal 
from Boston, one day less from New York, 2 days less from Baltimore, and 4 days less from Charleston.  It is 3 
days more from Santos in Brazil (via Suez, but 8 days less via the Cape Horn).  From Santos via Cape Horn the Port 
of Singapore is 2 days closer than through Panama while via Suez it is eleven days closer.  In short for many of the 
important routes from the East Coast of the United States or Brazil the differences in days may not be that 
significant.  The less the difference in time, the more important the days wait at the Canal is to the decision to use it.    
If this is the case then for some trades the choice of route may be a last minute decision – even one that is made en 
route.   
 
For many routes there are other ways to get the products to market.  These may be hybrid routes combining land 
and water or even water and air.    Many of these “alternatives” are more costly in terms of transportation but less 
costly in terms of time en route.    Thus it isn’t simply the fastest alternative that matters, but the relative differential 
(when measured against the difference in cost of the two alternatives – the ocean/land route may be significantly 
more expensive on a cost per ton basis).   
 
Each ship transit is taken account of in developing transit costs.  The weights are reflective of the commodity 
volumes carried.  To ensure that the costs reflect realistic costs per ton, transit ships with very few tons (in total) and 
very high average costs per transit per ton are excluded from the sample.  These restrictions ensure that the 
estimated tolls per ton by cargo type are representative and not skewed.   
 
These estimates and the resulting averages are specific and the cargo tons are weighted by the types carried (see 
discussion of method of weighting traffic and ship transit variables).   Thus the transit price elasticity variables 

Equation for Transit Costs 
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apply to all commodities. The effect, however, is separated by aggregate ship type.  Since the ship owner or 
operator is the one that routes the vessel then the effect of the cost of transit – including the delay time as measured 
by the Canal Waters Time variable – should impact the choice the ship owner makes.  In general then we find that 
the price elasticity is negative.  Where it is positive or very close to zero we have made it zero.  On the critical US 
East Coast to East Asian route we see that the price elasticity for containerized freight is -0.825 and for general 
cargo it is even more price sensitive at -1.22.   Bulk grain shipments – from the Gulf – will use the Panama Canal 
rather than go via Suez because the days of transit via Suez from New Orleans is considerably less than via Panama.  
Thus the price elasticity is close to or equal to zero.   
 
For other routes, such as US East Coast to Southeast Asia, the distance via Suez is less than that via Panama.  This 
is true for all northern ports (Boston, New York, Charleston) but it is significantly less true for Gulf ports, which are 
closer to Panama.   Since on the margin there are some vessels that route through Panama rather than Suez to 
Southeast Asia the price elasticity is negative so that a small increase in the cost of transit through Panama will 
reduce traffic via Panama from the US East coast (the price elasticity’s for bulk and general cargo are -0.432 and     
-0.545 respectively).     
 
 
Trade Effect 
 
The trade effect in Model 1 divides elasticity’s by primary commodity types. There are eleven commodity 
categories (listed in Table 9).  In nearly all cases coefficients are positive and are significantly different from zero.  
Not surprisingly the elasticity of the trade in food grains for the route, US East Coast to East Asia, is very close to 
1.0 suggesting that a 1% increase in trade leads to a 1% increase in Canal traffic for grain products.  This is fully 
consistent with the observed zero price elasticity for this same product category.   
 
However, in most cases the elasticity for trade is less than 1.0.  What exactly does this suggest?  Unfortunately it 
suggests that for this commodity and this route the growth in world trade will lead to a positive growth in Canal 
traffic but at a rate below the expected rate of growth in trade for that commodity and route.  The coefficient then 
reflects the loss of market share since to maintain share the coefficient would have to be close to 1.0.  For most 
product categories the coefficients estimated are less than 1.0.  Again this is consistent with the fact that the Panama 
route has been losing share relative to alternatives as the cost of transit and congestion has increased.  And while we 
can separate out these other “effects” we cannot take them entirely out.  Other factors can influence the decision to 
route ships by alternative means that are not captured in the cost of transit through Panama.  Thus the trade effect 
both represents the general influence of international trade on traffic and also these other, nameless, factors.    
 
This failure to maintain share is confirmed by looking at PCA traffic growth relative to world trade growth.  In most 
cases overall world trade growth is faster than growth through Panama.  To reverse this decline then the Panama 
Canal will have to offer users a better product.  One way to do this is to allow for larger ships and faster transits 
(less wait time).   If the Canal is to grow faster than the route average then it has to reduce the cost of transit and 
thus encourage more ship operators to choose the Panama route.  In our model we allow for two changes – ship 
transit times through the Canal can be reduced and thus reducing the operators costs or tolls can be cut again leading 
to lower costs which encourages traffic growth; and through marketing the PCA may influence direction of traffic 
routing.  In this case then the bypass share needs to be adjusted artificially (overwriting the forecast with an 
alternative). 
 
We can summarize these two in the following points:  
 

1. Reducing the cost of transits thus increasing the rate of growth through the Canal (thus reversing the secular 
decline observed in the historical time period in Canal share by route); and  
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2. Adjusting the implied Canal bypass share to reflect changing operational patterns not reflected in historical 
data. 

 
Adjustment in lock size could help induce these changes but these changes in absolute tons will not come entirely 
from automatic mechanisms built into the elasticity model. Since the run-up to the expanded lock size will likely 
lead to more disruptions and fewer ship transits then the coefficients estimated during this period may be even 
smaller.  To reflect, then, a potential for regaining market share the PCA simulation tool allows for changing 
coefficients after the additional capacity is in place.  This increases the rate of growth in trade.    
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Model 2 – Primary Alternative Specification 
 
If Model 1 fails statistical tests it is usually because there is insufficient detail to support 11 individual trade 
categories.  The E-views program then automatically tests Model-type 2.   Model 2 uses the same four categories 
for Transit Costs but collapses the detailed commodity effects into four, rather than 11 categories.  Now the trade 
effects are categorized as those that effect: 
 

1. Liner products; 
2. Tanker products; 
3. Bulk products; 
4. General cargo type products. 

 
Equation: Model 2 - Transit Cost by Aggregate Ship Type and Trade by Aggregate Ship Type  
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Model 2 is the most frequently used econometric model form.   Since data is often scarce it requires less detail, as it 
has collapsed the individual effects from 11 to 4.  It rarely suffers then from sparse data sets where there are few 
observations for one or more of the product types.  If Model 1 fails, then Model 2 will rarely fail.  In most instances 
it will produce a useful result (thus it doesn’t have problems of non-singularity which often plagues Model 1 when 
data sets become sparser).  Still it is not foolproof.  However, out of the top 40 routes Model 2 is used 25 times 
(Model 1 by an additional 9 times with other models, including 3 and 11, also used).   
 
Model 2 estimates the traffic in relationship to ship type.  Thus both the trade and the price (transit cost) impacts are 
specific to the commodities carried on ships of the four types.  There are eight calculated elasticity’s against four 
ship aggregates so for each ship aggregate we have a trade and a price effect.  Since ship-types tend to be closely 
related to commodities this has some similarity to Model 1, but is more stable because it allows for trade across all 
commodities thus reducing the number of separate coefficients that need to be estimated.   
 
In Model 2, coefficients are of the same approximate magnitudes as in Model 1.  Thus price elasticity’s tend to be 
negative and of, approximately, the right magnitude (grouping around –1.0), while trade elasticity’s are positive and 
vary from a low of zero to a high of just 1.5.  We have limited trade elasticity’s to this range but there were few that 
had to be adjusted within the sample set.  Like in Model 1 the failure of the Canal to maintain world market share 
over this period (1986 – 1999) has meant that the calculated traffic to trade elasticity’s are less than one.  Just as in 
Model 1, results from Model 2 can be adjusted based on outside information using a built in adjustment factor 
within the model (the normal state for this factor is 1.0 in a multiplicative model).   
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Model 3 – Single Price, Multiple Trade Coefficients 
 
If Model 2 fails then we step down to Model 3.  Here price has been collapsed into one price elasticity.  Unlike 
Model 1 and 2 this model is based on a pool variable cutting across aggregate ship-types and commodity [R/C/A].   
The coefficient is applied to the ship type traffic data rather than across all commodities.  Thus if steel goes on 
break bulk vessels then the trade and the ship economics effect variables that effect this flow is the one calculated 
for the bulk vessels and not the general cargo or liner vessel coefficients.  Model-type 3 is used 18 times out of the 
nearly 120 possible routes.  It is used most often, however, when the size of the traffic is less than 150,000 tons of 
cargo (smaller routes).  

 
 
 

PCACode PCA_Description AggCom 
P01 Banana GC 
P02 Reefer, Other GC 
P03 Wheat BULK 
P04 Corn BULK 
P05 Grain, Other BULK 
P06 Soybeans BULK 
P07 Sugar BULK 
P08 Food & Agriculture TANKER 
P09 Pulpwood BULK 
P10 Lumber Products BULK 
P11 Paper BULK 
P12 Phosphates BULK 
P13 Fertilizers BULK 
P14 Minerals, Miscellaneous BULK 
P15 Alumina/Bauxite BULK 
P16 Ores, Other BULK 
P17 Iron & Steel BULK 
P18 Scrap Metal BULK 
P19 Metals, Other BULK 
P20 Chemicals TANKER 
P21 Crude Petroleum TANKER 
P22 Petroleum Residuals TANKER 
P23 Petroleum Coke BULK 
P24 Petroleum Products TANKER 
P25 Petroleum Chemicals TANKER 
P26 Coal & Coke BULK 
P27 Automobiles GC 
P28 Containerized LINER 
P29 All Other GC 
 
 

 Table 7: Commodity Split by Aggregate Ship-type
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Equation: Model 3 - Transit Cost and Trade by Aggregate Ship Type 
  

category. aggregate ship by Trade nalInternatiofor  tscoefficien  
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Out of the top 40 routes we have had to use Model 3 only 4 times.   We have found that a generalized transit cost 
effect and a detailed ship aggregate specific trade affect allows for price and demand to impact Canal transits.  If 
Model 3 does not work then the program will use Model 4.   
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Model 4 – No Commodity Detail, Pooled by Ship Aggregates, Detailed Transit Costs, Single Trade Effect 
 
Transit costs are by ship aggregate reflecting the influence of ship economics, but trade effects are generalized 
reflecting total trade.  Because the pool remains three-dimensional individual trade effects are separated (bulk to 
bulk, liner to liner) but the coefficient is the same for each commodity.  Thus the coefficient reflects the joint effect 
of change in world trade on change in Canal traffic.   
 
Equation: Model 4 - No Commodity Detail, Pool Across Ship Aggregates 
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Model 4 the price effect is based not on RCA (including commodity) but rather is based on RA alone.  Here we 
look at the general price effect for a type of vessel irrespective of the commodity.  A single variable representing the 
impact of changes in the trade on the route is used (there is no distinction for individual commodity effects).  Since 
Model 4 works well enough in those cases not able to be solved using Model 3, this simplification (leaving out 
commodity detail) will likely not bias the results.   Model 4 represents the general growth of a route and the 
individual ship operational effects that could lead to less trade using the Canal.  Currently, Model 4 is not used, 
since Model 3 works well enough. 
 
Model 5: Pure Trade by Aggregate Ship type based on Commodity, No Price Effect 
 
In the Type 5 model transit costs are ignored.  Trade is used with the impact differentiated by each of the aggregate 
ship-types.  In this form of the model only international trade is important in explaining Canal traffic (the model is 
used only for three routes).  Like the other models, the commodity data and the route level detail are used.  The 
effect of trade on traffic (and ultimately on Canal transits and revenues) is driven by changes in the underlying 
commodities.  The degree of influence of commodity changes is related to specific types of vessels – liner, tanker, 
bulk, and general cargo.  The filters represent broad collections of commodities (see Table 7).  
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Equation: Model 5 – Pure Trade by Aggregate Ship Type 
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Model 6: Pure Trade based on Commodity, No Price Effect 
 
Model type 6, like Model-type 5, ignores transit costs.    International trade for each commodity alone (not by ship-
type) is used.      A single coefficient is developed to show the relative effect on traffic of a change in the 
commodity trade on that route.   If the calculated elasticity is .7 then a 1% increase in steel trade on the route from 
North Asia to the US would increase traffic through the Canal  by 7 tenths of a percent.  And if imports of 
electronics increased by 5% then traffic in electronic products would increase by 3.5% (.7 x 5%).    This is the 
simplest form but is rarely used.   
 
This model is used for six routes and only where the data is so sparse that any more complex form would not allow 
any econometric effect to be measured.  In some cases the trade existed in the past but does not exist now (1999 = 
0).  
  
Equation: Model 6 – Single Trade effect 
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Model 7: Time Trend 
 
In Model 7, a simple time trend is applied.  At the present time there are no traffic patterns that use this functional 
form.   Given that Model-type 6 uses a single variable to measure future demand through the Canal (international 
trade) and given that trade tends to increase over time, the likelihood of using Model 7 is significantly reduced.  
There are no current examples of Model 7 replacing Model 6.   
 
 
 
 
 



 32

Model 11: Domestic Routes, Transit Costs and GDP 
 
 
 Model 11 is used for the two US internal routes.  There is some trade between the US East Coast and the US West 
coast.  This trade is modeled using a combination of GDP and transit costs by aggregate ship type.  This trade is, in 
general, sensitive to changes in transit costs with liner trade less sensitive than bulk.  For US West coast to US East 
coast the elasticity for transit costs for liner is zero suggesting that this trade is insensitive to Canal tolls.  For US 
East coast to US West coast the elasticity is -0.4.  For the bulk, tanker, and general cargo trades the transit costs are 
greater than 1.0.  Alternative routings using the US railroad system or pipelines are likely less costly than through 
the Canal.  The GDP variable substitutes for the International trade effect.  In general trade grows at a rate similar 
(an elasticity of just over 1.0) to the rate of growth in GDP assuming no change in transit costs.  
 
 Equation: Model 11 – Transit Costs and GDP Effect  (Domestic Routes) 
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Model 12 – Domestic Routes, No Transit Costs 
 
Model 12 is used for the two Canadian internal routes.   The GDP variable substitutes for the International trade 
effect.  In general trade grows at a rate similar (an elasticity of just over 1.0) to the rate of growth in GDP.  The 
trade is so small and sparse that estimation of elasticity’s for transits costs is not feasible.   
 
 Equation: Model 12 –GDP Effect  (Domestic Routes) 
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Coefficients by Route    
  COMST 1 TC*LI TC*TK TC*BK TC*GC IT*REEF IT*GRN IT*AGR IT*WOOD IT*FERT IT*MET IT*LIQ IT*COAL IT*AUTO IT*CONT IT*OTHR 
  COMST 2 TC*LI TC*TK TC*BK TC*GC IT*LI IT*TK IT*BK IT*GC 
  COM 3 TC IT*LI IT*TK IT*BK IT*GC  
  COMST 11 TC*LI TC*TK TC*BK TC*GC GDP  
  COMST 12 GDP  
  MODROU

TE 
4 TC*LI TC*TK TC*BK TC*GC IT  

  COM 5 IT*LI IT*TK IT*BK IT*GC  
  COM 6 IT  
  COM 7 TIME  
      

Loading Discharge 1999 Tons Model 
ID 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 C11 C12 C13 C14 C15

UE EA 55,681,111 1 -0.825 0 0 -1.22 0.355 1.106 1.5 1.375 0 1.026 0.736 1.5 0.679 0.587 0.342
EA UE 19,494,524 2 -0.703 -0.539 -0.474 -1.163 0.733 1.254 1.044 1.07 0 0 0 0 0 0 0
WL UE 9,075,667 2 -1.5 -1.462 -1.169 -1.394 0.571 0 0.86 0.203 0 0 0 0 0 0 0
UE WL 8,268,238 1 -0.969 -0.094 -0.499 -0.67 0.215 0.03 1.208 0.406 0.016 0.296 0.095 1.006 1.308 1.5 0
WL EU 6,795,606 1 0 -1.245 0 -1.207 0.812 0.882 1.5 0.614 0 0.275 0.098 0 0.647 1.5 0
EL WL 6,182,060 1 0 -0.75 -1.076 -0.364 0.642 0.484 0 0.419 0.06 0 0.602 0.078 1.032 1.5 0.564
CW EU 5,662,163 2 0 -1.341 -1.126 -0.315 0.235 1.5 0.539 0.452 0 0 0 0 0 0 0
UW EU 4,709,713 2 -0.497 -1.5 -0.457 -1.238 0.581 0.227 0 0 0 0 0 0 0 0 0
UE SA 4,444,537 1 -0.755 0 -0.432 -0.545 1.5 0.479 0 0.642 0 0.609 0.322 0.629 1.397 0.715 1.5
UE WC 4,171,955 2 -0.263 0 0 -0.599 0 0.64 0 0.122 0 0 0 0 0 0 0

EU UW 3,987,769 2 0 -0.242 -0.437 -0.796 0.647 0.557 0.033 0.246 0 0 0 0 0 0 0
WL EC 3,968,680 2 -1.405 -1.453 0 -0.656 1.092 0.042 0 0.159 0 0 0 0 0 0 0
EL UW 3,380,422 2 -0.7 -0.996 -0.307 0 0 1.001 0.522 0.6 0 0 0 0 0 0 0
EC UW 3,138,576 2 0 0 -0.605 -0.719 1.5 0 0.727 1.077 0 0 0 0 0 0 0
EA EC 2,909,474 1 -1.282 -0.209 -1.5 -1.151 0 0.105 0 0 0.167 0 0.643 0 0.271 1.372 0.291

SA UE 2,792,854 2 -0.444 -0.652 -0.788 -0.043 0 0.293 0 0.287 0 0 0 0 0 0 0
UE OC 2,759,370 1 -0.847 -0.07 -0.126 -0.34 1.5 0.375 0.302 0 0.059 0.335 0.269 0.837 1.5 1.5 1.5
UE UW 2,737,018 11 -0.386 -1.5 -1.5 -1.5 1.5 0 0 0 0 0 0 0 0 0 0
EC EA 2,668,250 2 -1.236 -1.033 0 -1.5 0.262 0 0.039 0.231 0 0 0 0 0 0 0
WC UE 2,655,090 2 -0.044 -1.315 -0.85 -0.197 0 0.357 1.5 0.879 0 0 0 0 0 0 0
EL WC 2,624,763 2 0 0 -1.453 -0.587 1.5 0.309 0.076 0.391 0 0 0 0 0 0 0
EC WC 2,346,045 2 -0.884 -1.224 -1.5 -1.5 1.5 0 0.374 0.108 0 0 0 0 0 0 0
EU WL 2,087,044 2 -0.789 -1.5 -0.842 -0.73 0.093 0.274 0.218 0.012 0 0 0 0 0 0 0
OC UE 1,964,299 1 -0.603 -0.852 -0.469 -0.685 1.057 0 0 0.492 0 0 0 1.5 0 0.486 0.693

 
 
Table 8: Estimated Elasticity’s for Price and Trade Applied to the PCA Traffic Model 
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CW AF 1,797,375 3 -0.861 1.5 0 0.52 0.629 0 0 0 0 0 0 0 0 0 0

EC WL 1,737,473 2 -0.854 -0.422 -0.735 -0.586 0.199 0.012 0.288 0.179 0 0 0 0 0 0 0
CE EA 1,597,120 2 -0.053 0 -0.612 -1.488 0.396 0 0.298 0 0 0 0 0 0 0 0
EL EA 1,376,738 2 -0.392 -0.123 0 -1.5 0 0 0.005 0.087 0 0 0 0 0 0 0
UW AF 1,238,931 2 -1.115 -1.5 0 -1.188 1.16 0 0.295 0.471 0 0 0 0 0 0 0
EU WC 1,109,759 2 -1.008 -1.195 -0.165 -0.441 0.521 0 0.262 0 0 0 0 0 0 0 0

AF WC 1,106,306 3 -1.5 1.5 0.844 0 0 0 0 0 0 0 0 0 0 0 0
WC EC 991,625 2 -1.4 -1.155 -0.146 -0.809 1.5 0.336 0.074 0 0 0 0 0 0 0 0
EU OC 977,511 2 -0.612 -1.5 -1.208 -0.719 0.071 0 0.957 0.06 0 0 0 0 0 0 0
WL EL 908,566 1 -0.206 -0.878 -0.387 -0.667 1.481 0.508 0.181 0.357 1.5 0.071 0 0.376 0.799 1.5 0
WC EU 875,321 2 -0.5 -0.811 -0.811 -1.057 0.312 0 0.697 0.15 0 0 0 0 0 0 0

AF CW 838,474 3 -1.418 0 0 1.192 0 0 0 0 0 0 0 0 0 0 0
UW UE 795,489 11 0 -0.414 -0.915 -1.195 1.077 0 0 0 0 0 0 0 0 0 0
EA CE 641,792 3 -0.448 0 0 0.052 0 0 0 0 0 0 0 0 0 0 0
OC EU 628,534 2 -1.5 -1.5 -0.984 -0.461 0.927 0 0.252 0 0 0 0 0 0 0 0
CW EL 600,833 2 0 0 -0.825 -0.804 0.054 0 0.522 0.568 0 0 0 0 0 0 0

SA EC 572,696 2 -0.091 -1.35 0 -1.333 0.299 0.305 0.521 0 0 0 0 0 0 0 0
UW EC 561,277 2 0 -0.759 -1.5 -0.429 1.5 0 0 0.126 0 0 0 0 0 0 0
CW UE 531,233 2 0 -0.292 -0.878 0 1.241 0.717 0.454 1.421 0 0 0 0 0 0 0
OC CE 488,433 3 0 0 0 0.016 0 0 0 0 0 0 0 0 0 0 0
CW EC 462,729 2 0 -1.369 -0.878 -0.465 0 0.369 0.196 0 0 0 0 0 0 0 0

CE UW 445,349 2 0 -1.5 0 -0.241 0 0 1.5 1.101 0 0 0 0 0 0 0
CE WC 443,753 3 -1.5 0 0.187 0.112 0.304 0 0 0 0 0 0 0 0 0 0
WL CE 434,836 2 -0.746 -1.5 0 -0.719 0 0 0.058 0 0 0 0 0 0 0 0
UE CW 427,426 2 0 -0.316 0 -1.5 0.609 0.345 0 0.126 0 0 0 0 0 0 0
UW EL 355,679 2 -0.463 -1.352 -0.834 -1.053 0.78 1.464 0.825 1.136 0 0 0 0 0 0 0

WC AF 349,539 3 -0.574 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EA EL 347,269 2 -1.5 -1.475 -1.051 -1.214 0 0 0.066 0 0 0 0 0 0 0 0
AF UW 346,778 2 0 -0.066 -0.443 -1.414 0.088 0.015 0.086 0.45 0 0 0 0 0 0 0
WL AF 323,066 3 -1.24 0 0.277 0 0.396 0 0 0 0 0 0 0 0 0 0
WC EL 286,485 2 0 -1.5 -1.5 -0.651 1.5 0 0.096 0 0 0 0 0 0 0 0

UW CE 286,094 2 0 -1.5 0 -0.826 1.5 0 0 1.122 0 0 0 0 0 0 0
OC EC 267,879 2 -0.483 0 -0.578 -0.016 0.404 0 0.413 0.193 0 0 0 0 0 0 0
WC CE 254,408 5 0 1.5 1.163 1.5 0 0 0 0 0 0 0 0 0 0 0
AF OC 227,914 2 -0.036 0 0 -0.521 0 1.5 0.379 0 0 0 0 0 0 0 0
AF WL 212,635 2 -0.901 0 -0.794 -1.5 0 0.685 0.049 0.034 0 0 0 0 0 0 0

EA EU 212,011 2 -1.5 -0.492 0 -0.452 0.472 0.799 0.295 1.494 0 0 0 0 0 0 0
EC SA 201,810 2 -0.12 -0.076 -0.097 -1.143 0.577 0.323 0 0 0 0 0 0 0 0 0
EU EA 195,636 2 -1.5 -1.5 0 -1.5 1.5 0 0 0.543 0 0 0 0 0 0 0
CE WL 180,795 2 -1.5 -1.335 -0.55 -0.539 1.5 0 0 0.018 0 0 0 0 0 0 0
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CE SA 138,489 3 -1.5 1.5 0.552 0 0.82 0 0 0 0 0 0 0 0 0 0

EL CW 136,088 3 -0.335 1.5 0 0.02 1.5 0 0 0 0 0 0 0 0 0 0
EU CW 132,671 3 -0.807 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SA CE 130,789 3 0 0 0 0.522 1.065 0 0 0 0 0 0 0 0 0 0
CW CE 118,947 12 -0.25 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AF EA 117,436 3 -0.907 0 0 1.5 1.5 0 0 0 0 0 0 0 0 0 0

SA EU 84,904 5 1.5 0.425 0.053 1.5 0 0 0 0 0 0 0 0 0 0 0
EL SA 71,072 3 -1.053 0.522 0 0.296 0 0 0 0 0 0 0 0 0 0 0
EC OC 54,462 3 -0.668 0.857 0.224 0 0.253 0 0 0 0 0 0 0 0 0 0
EU SA 40,520 3 -0.868 1.397 0 1.5 0.241 0 0 0 0 0 0 0 0 0 0
SA EL 39,087 3 -0.828 0 0.095 0.087 0.351 0 0 0 0 0 0 0 0 0 0

OC EL 36,990 3 -0.592 1.5 0.211 0.21 0.49 0 0 0 0 0 0 0 0 0 0
EL OC 33,999 3 0 0 0.022 0.318 0 0 0 0 0 0 0 0 0 0 0
OC AF 28,633 6 0.305 0 0 0 0 0 0 0 0 0 0 0 0 0 0
SA EA 26,570 6 1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EA AF 24,617 3 -0.744 1.5 0.289 0 0.861 0 0 0 0 0 0 0 0 0 0

EC CW 22,433 6 0.18 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CE OC 20,785 3 -1.5 1.5 0 0.507 0.891 0 0 0 0 0 0 0 0 0 0
SA SA 9,636 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
AF SA 1,738 5 0 0 1.5 0 0 0 0 0 0 0 0 0 0 0 0
SA AF 725 6 1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EA SA 478 6 0.686 0 0 0 0 0 0 0 0 0 0 0 0 0 0
CE CW 204 12 1.5 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Analysis of Canal Waters Time  
 
Canal Waters Time 
 
The measurement of Canal Waters Time is of critical importance to determining traffic through the Canal.  Over the 
past decade the facilities had faced continuous problems with maintenance of the locks.  Lane outages days have 
spiraled upwards.  The average number of days when one entire lane was out increased from about 25 days to over 
60 days in less than 15 years.  Lane outages are a function of the age of the Canal and the traffic flow.  The greater 
the traffic the more wear and tear on the physical plant.  Canal waters time also has increased in relationship to the 
down-time for the Canal.   We can see this in the more than 50% increase in canal waters time between 1986 (about 
1 day in transit) to 1999’s average of 1.8 days.  Transits increased from less than 13,000 per year to a high of nearly 
15,000 in 1996 before falling off to a just over 14,000 in 1999.    
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As a result of the increased time delay at the locks, ship operators have had to reserve space in advance.  The use of 
the booking system by ship operators increased as well.  While liner bookings and those for general cargo vessels 
remained in the 70% level or above, the booking share for other vessels more than doubled.  
 
Looking at the chart we can see the effect of constraint on CWT.  While that for liners remained well below that of 
other vessels, the time delays for bulk and tankers increased  
 

Chart 3: Lane Outages, Transits and Average Canal Waters Times
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as did the delay for general cargo vessels. The latter began to use the booking system as well in the late 1990’s.  The 
bar indicates the difference between the Maximum Canal Transits per year and the actual transits( for toll types 1,2, 
and 3). We can see that there is a strong relationship between constraint and time delays.  
  
Chart 4: Canal Waters Time versus Capacity Constraint  

Canal Waters Time versus Capacity Constraint
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We can model this relationship econometrically.  The goal is to know the relationship that drives the delays at the 
Canal we used two factors – the lane outage days (admittedly a crude measure of disruption) and the total number of 
ship transits likely.  The last variable we use is the estimate of maximum transits per year possible (assuming no 
outages and an even distribution of ship calls per day).   The maximum transits reflect the optimal number of 
transits assuming the Canal operates 365 days per year.  
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CWT Adjustment Model 
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In the equation we use the logarithmic value of the canal waters time against the non-logarithmic explanatory 
variables.  This turns the dependent variable into a percentage change relative to variables that look more like time 
trends.  This equation fits reasonably well with t-statistics generally consistent at about the 1-5% level of 
confidence.  In the case of liner and general cargo the relationship between TT and MaxTT variable is not 
significant and the effect is very small.  This is, however, consistent with the general assumption that these two 
ship-types have over this period used the booking system to reduce risks associated with delays at the Canal.  All 
signs are correct.  In short this model sheds important light on how a new Canal could impact world shipping.   

 
 
 

Dependent Variable: LOG(CWT?) 
Method: Pooled Least Squares 
Date: 05/23/00   Time: 22:30 
Sample: 1986 1999 
Included observations: 14 
Number of cross-sections used: 4 
Total panel (balanced) observations: 56 

  
Variable Coefficient Std. Error t-Statistic Prob.   

  
BK--(OUTAGE) 0.004 0.0018 2.19 0.03
TK--(OUTAGE) 0.00366 0.0018 2.01 0.05
LI--(OUTAGE) 0.002325 0.0018 1.28 0.21
GC--(OUTAGE) 0.004091 0.0018 2.24 0.03
BK--(TT-MAXTT) 0.000153 0.0001 2.61 0.01
TK--(TT-MAXTT) 0.000153 0.0001 2.60 0.01
LI--(TT-MAXTT) 7.89E-05 0.0001 1.35 0.19
GC--(TT-MAXTT) 8.78E-05 0.0001 1.50 0.14
Fixed Effects  
BK--C 0.356155 
TK--C 0.330972 
LI--C 0.126106 
GC--C 0.211076 

Equation CWT  
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R-squared 0.7357     Mean depend. var 0.2530
Adjusted R-squared 0.6696     S.D. dependent var 0.1929

S.E. of regression 0.1109     Sum squared resid 0.5411
Log likelihood 50.4472     F-statistic 17.4972
Durbin-Watson stat 2.0465     Prob(F-statistic) 0.0000

 
The 3rd Set of Locks Adds Significant Capacity  
 
One of the most difficult problems in economics is predicting what will happen if something new is built.  It is 
rather a problem of a new facility impacting the way users act.  Will a new shopping mall add to traffic or simply 
split traffic between the old and the new facility?  Since innovation leads to changes that often cannot be fully 
anticipated, adding a 3rd set of locks will change the dynamics of the Canal.  The equation estimated, however, can 
help define the degree to which added capacity (as measured by the additional transits possible) will impact the 
implied CWT.  The equation can also indicate how disruptive on traffic growth the construction of the locks could 
be.     
 
 In our traffic model canal waters time is the key variable that helps explain traffic growth.  When it is rising and 
costs are on the rise, then fewer vessels choose to use the Canal.  In short it is a wild card adding some randomness 
to the transit.  On any one day the queue at the locks could push the CWT further out and thus lead to losses where 
profits were anticipated.   
 
In trying to understand the system dynamics for a new canal with greater capacity we have to trace what will likely 
happen to CWT.  In our baseline scenario the increased traffic that tries to go through the Canal hits against the 
upper limit of traffic that can go through the Canal.   We have assumed that the approximate 1% increase in trade 
would push transits up by about that same amount.  We could have run the model without constraint and had a more 
exact number but it would likely work out to this number of demanded transits.  As a result, as we can see from the 
graph below, the days wait increases over the period 2004 through 2050. Since when the time delay reaches over 
3.5 days it is likely enough of the world shipping would by-pass the Canal we have capped this at 2.5 days.  Using 
this assumption about continuously adjusting CWT we can hold the actual transits in the constrained baseline to 
within the 16,000 maximum (assumed to be the upper limit of transits feasible with the current configuration).  
This, of course, assumes that the number of day’s outage itself doesn’t increase.  
 
What happens if we hold outage days constant while allowing maximum transits to increase after 2010 to 22,000 
transits—38% higher.  We expect that the CWT that had risen steeply as the demand exceeded the supply to fall 
dramatically.   When the new locks are opened we would expect the delays to be eliminated.  On the assumption 
there would be no queue, we could expect a significant decline in CWT.  The degree varies by type of vessel with 
the vessels with the least CWT in the baseline falling the least while those with the lengthier delay times falling the 
most.  As we can see in Chart 5 this is the case for the bulk ships.   
 
What happens then after the opening of the locks with CWT?  Logic suggests that there would be a long period 
when there should be no systematic increase caused by constraint.  Once the number of transits gets close to the 
maximum then we could expect some increase but this is far into the future. 
 
The model estimated helps in our understanding the dynamics of transit time assuming disruptions occur.  A 
disruption would slow the passage through the Canal and thus decrease the number of possible ship transits during 
the year.  There is no way to know this in advance but we have used a simplified likely scenario approach to 
estimate disruption.  Our assumption is that starting in 2003 through 2006 the maximum number of potential 
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transits falls from 16,000 to 15,200 (5% reduction).  We take a further reduction of 5% starting in 2007 through 
2009 on the assumption that during this phase there is a further delay due to the need to dredge closer to the locks.     
 
As a result we can expect an increase in CWT during the building phase.  Once the locks are open then the Canal 
Waters Time should decline dramatically (over 60). This decline makes transit through the Canal feasible for many 
ships that had been using the bypass routes.  The net result is that in the traffic forecasts from the baseline and the 
alternative the period after 2010 shows a significant increase in volume of traffic through the Canal.  
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Impact on Potential Traffic and Transits of the 3rd Set of Locks 
 
Using the model we can see how adding the additional capacity can impact the traffic through the Canal.  Under 
present assumptions about capacity, Canal Waters Time will increase reaching an assumed maximum of about 2.5 
days of wait time for each transit.  Beyond this point there is little advantage to the Canal route for shippers, thus 
there is a natural shift in trade to alternative routes.  The choice of 2.5 as the maximum was arbitrary, however, we 
can confirm the logic through the measurement of likely transits.  In tests of the model the adjustment that we made 
and the maximum for CWT tend to keep the Canal transits below the maximum number of transits allowed.   At the 
present time the model tends to reach a maximum 16,000 transits in around 2040 suggesting that the increase in 
CWT will lead to a constraint on growth in tons through the Canal as more shippers choose alternative routes.  
 
If a third set of locks is constructed then we assume that there is a period of dislocation when the construction 
activity reduces the maximum number of transits per day.  Using the CWT model the result then is a rapid reduction 
in wait time.  Logically there is a period of no growth in CWT but then there should be some growth as the transits 
reach towards the maximum for the new Canal.  We have set the maximum at 24,000 transits – exactly 50% above 
the post-2002 maximum.  This may be greater than realizable but it is a logical reflection of the addition of 50% 
more theoretical capacity (if locks are the limiting function rather than availability of pilots or other factors 

Chart 5: Comparison of Canal Waters Time with or without Capacity Constraint
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hindering maximum throughput).  If the maximum is 22,000 then there would likely be little problem until near the 
end of the period.    
 
A final note the transits growth trend in the alternative is less than the tonnage growth trend.  This is reflective of 
the continuous shift allowed to larger vessels including those that are of Panamax size.  Thus the red line (transits) 
is less than the brown line (tons).   
 
In the next section we will examine the approach we have taken to translating tons of Canal traffic into transits – in 
both the Baseline and in the Alternative.   For the Canal to handle more than double the tonnage with only a 50% 
increase in the capacity of the Canal (the from two to three lock sets)  then ship size needs to grow beyond the 
current limits (Panamax).  If the new lock were built to the existing specifications for the chamber width, length and 
depth, then the likely additional throughput would be significantly less.   
 
Estimating future transits requires the use of the Transit model.  Thus changing CWT is only the first step in 
calibrating the model to live within the constraints on capacity.  In the example below, we show how changes in 
CWT, tolls, and the rate of growth of world trade will make a difference in the tonnage assumed to pass through the 
Canal.  We can see how small changes in one or more of these variables will make a significant change in the total 
tons especially after 50 years of continuous growth.   

 
 
 

 

Chart 6: Canal Waters Time Comparison of Baseline and Alternative
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Analysis of Ship Transits – Integrating Alternative Ship Distributions   
 
Ship transits factors are derived from the traffic passing through the Canal.  Because ships of varying sizes can carry 
varying sized cargo, ship transits will not grow in line with tons carried.  With the opening of the new locks the 
maximum ship size will exceed the largest ship that the Canal currently can handle.  How to accommodate this 
larger vessel size within the existing model and how to integrate the changing mix of larger and smaller vessel sizes 
proved to be a challenge.   
 
What is more important, however, is that the number of transits grows at a rate that is less than the growth in tons.  
This is because of the substitution of larger vessels for smaller ones.  To develop a realistic, defensible transit 
forecast, we have to solve the problem of how to shift the current fleet in size to a fleet made up of larger vessels.  
This shift will occur even if the Canal remains the same size.  In all cases then the growth in tons and the growth in 
transits will not be equal (tons grow faster than transits).3 
 
To develop a measure of future transits, the PCA Transits Module must integrate future ship sizes.  The shift from 
one size class to another is a critical element in the model.  The degree to which the larger vessels will replace the 
smaller ones depends upon judgment about how quickly the new ships will replace the older ones.  Nor is the 
pattern of ship size independent of the size of the flow.  Smaller flows require smaller vessels.   Multiple voyages 
(with less volume) are the norm thus substituting one larger ship for smaller ones isn’t always a possibility.   In 
developing the approach we have had to try to balance the realistic against the ability of any model to capture this 
change.  To this end some of the “assumptions” may appear to be arbitrary.   
 
 
 

                                                      
3 Substitution occurs over time as ship size increases – thus the PCA fleet is steadily increasing in terms of average 
vessel size towards a Panamax size vessels.  

Chart 7: Comparison of PCA Tonnage Under Different Assumptions 
Alternative PCA Tonnage Estimates
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The First Rule: The Distribution Isn’t Constant Over Time 
 
The first rule is that the distribution of cargo tons by ship size class is not constant over time.  It has changed over 
the past ten years as the Canal has faced increasing constraints and as the minimum order size has itself changed.  
Since ship size matters and the distribution across ship sizes will change over time, the problem is one of not only 
identifying the existing trends in the Canal shipping (by type and size class), but also predicting the future pattern in 
light of a change in Canal size.  Looking at Table 9, we can see the trend in ship size over time.  These averages are 
a rough reflection on what has happened over time.  Here we can see that refrigerated cargo vessels are the smallest 
in size but are growing slightly.  Dry bulk vessels have been growing at a rate of 1.3% per year.  If this continues it 
would mean that in 2050 the average size of a vessel would be 81,000 DWT.   
 
From this table we can see that the average vessel size basis are all of a class that can easily fit through the Canal.  
Moreover, even the bulk vessels, if they were allowed to grow at that rate, would equal the size that could just fit.  
Of course these are naïve assumptions.  In reality the ships that transit the Canal, even within one of these two types 
of vessels, cover a wide mix of size classes.  Understanding the dynamics of the fleet and how size impacts the 
tonnage that can transit the Canal is a basic requirement to developing the approach to shifting ship transits by size 
class and apportioning the tons of cargo across all of these ships.     

  

ShipType  1986 1999 %(86-99) 

M01 General Cargo 13,183 12,658 -0.3%
M02 Refrigerated Cargo 8,334 9,376 0.9%

M03 Dry Bulk 35,178 41,790 1.3%
M04 Tanker 36,146 32,600 -0.8%
M05 Container/Break Bulk 20,665 25,101 1.5%

M06 Full Containership 30,301 35,537 1.2%

M07 Roll On/Roll Off 14,130 17,780 1.8%
M08 Vehicle Carriers 13,931 15,446 0.8%
M09 Vehicle/Dry Bulk 38,528 33,228 -1.1%

M10 Liquid Gas 21,988 17,558 -1.7%
M11 Passenger Ships 4,932 5,176 0.4%

M12 Other 3,054 1,953 -3.4%

 
 
The Second Rule: Ship Size and Mix Does Matter, but Small Vessels Won’t Disappear 
 
Ship size matters when measuring likely transits.  In the traffic model, traffic growth is divided into four aggregate 
ship-types: liner, bulk, tanker, and general cargo.  Each of these can be then subdivided with general cargo vessels 
split into 7 different types.  Within each size there is potentially 19 size classes.  In most cases the ship-types do not 
use all of these nor is the world fleet distributed into all of these classes.  Many of the larger classes -- above S13 – 
are reserved for tankers and bulk vessels.  Nor is there a uniform tonnage that would not transit the Canal assuming 
its present size limits.  Tonnage of ships depends upon the kind of ship and the cargo it carries.  Automobile carriers 
(M08) are lightweight but very large and currently reach a maximum in terms of one of the dimensions – length, 
beam, or draft.     Passenger vessels face similar limits.   
 
Any simple average will bias the result and lead to a faulty measure of likely ship transits.  The key reason is that 
the distribution is itself associated with the relative difference in the average ship size for each size class.  Thus one 

Table 9: Average Size by Type of Vessel, 1986 and 1999
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more ship in the largest class can be 10 times the size of one more ship in the smaller distribution.  The rate of 
change is thus biased by the shift from one size class to another.4   

 
 

 Total DWT (RTS)  Growth   
Size Class 

 
1997 1998 1999 98/97 99/98 Average 

0 – 10,000 100 85 85 -15% 0% -8%
10,000-20,000 80 120 150 50% 25% 38%
20,000-30,000 120 140 200 17% 43% 30%
30,000-40,000 70 95 140 36% 47% 42%
40,000-50,000 95 130 185 37% 42% 40%
Total All Ship 
Sizes 

465 570 760 23% 33% 28%

 
Look at the largest size class, S05, in this example.  The average growth was 40% in total DWT.  This, of course, 
could simply be the addition of one more ship to the trade. Trade also grew over the time and some of the growth 
may be due to the need for more tonnage on the route, but some of the growth in available tonnage may simply be 
the shift from smaller to larger vessel sizes.  One way of dealing with the problem is to turn the absolute amount of 
tonnage in any year into a distribution across size classes.    

 

 Distribution  Growth   
Size Class 

 
1997 1998 1999 98/97 99/98 Average 

0 – 10,000 22% 15% 11% -31% -25% -28%
10,000-20,000 17% 21% 20% 22% -6% 8%
20,000-30,000 26% 25% 26% -5% 7% 1%
30,000-40,000 15% 17% 18% 11% 11% 11%
40,000-50,000 20% 23% 24% 12% 7% 9%

 
 
 
 
It is important to remember that the purpose of changing the mix of ship sizes is to show how tons by commodity 
will likely change in the future.  The distribution of tons of cargo by ship size (the base on which forecasts of 
transits must be made) reflects the different size classes of the ships.  Thus what we need to show is how the 
distribution shifts between ship size classes are independent of ship size itself.  This is a critical point since ship size 
is reflected in ship share of total DWT on a route.  Growth in ship share thus needs to be independent of ship size 
itself.  
 
Correcting for Ship Size 
 
We can, however, correct for this.  We know the absolute differential between each of the classes.  To normalize 
DWT by size class so that the units are ‘synthetic ships’ of 10,000 DWT each (DWT adjusted by the end-point of 
the size class), we multiply total DWT for each size class with the ratio of 10,000 to the end-point for that size class.   
For example, for size class ’10,000-20,000’, we multiply the total DWT by a factor of ½.   By correcting the total 

                                                      
4 This problem is even inherent within the size class range since the difference is 10,000 tons or more.  There is no easy way 
around this problem except to break the size increments into smaller tranche’s.  

Example 1: Absolute Amount of DWT by Route/Ship Type/Size Class [R/T/S]

Example 2 – Distribution of DWT by R/T/S 



 46

DWT for these differences in average size, then the distribution will be unbiased.  The distribution across these 
“adjusted” DWT’s then can be compared over time.  
 
Example 3 does this by adjusting the DWT’s from the first example with corrective factors so that the resulting 
DWT reflects absolute differentials in DWT due to differences in mix of ships (independent of size differences).  
Adjusted DWTs can then be used (Example 4) to calculate the distribution and then to derive the rate of change 
across size classes.  Note that in terms of growth there is no difference between Example 1 and Example 3.  But 
when these absolute amounts are  transformed into distributions of total tonnage the results can be quite significant.       

 

 Adjusted Raw  Growth Rate  
Size Class 

 
1997 1998 1999 98/97 99/98 Average 

0 – 10,000 100 85 85 -15% 0% -8%
10,000-20,000 40 60 75 50% 25% 38%
20,000-30,000 40 47 67 17% 43% 30%
30,000-40,000 18 24 35 36% 47% 42%
40,000-50,000 19 26 37 37% 42% 40%
Total 217 241 299 12% 24% 18%

 

 Adjusted Distribution  Average growth    
Size Class 

 
1997 1998 1999 98/97 99/98 Average 

0 – 10,000 46% 35% 28% -24% -19% -21%
10,000-20,000 18% 25% 25% 35% 1% 18%
20,000-30,000 18% 19% 22% 5% 15% 10%
30,000-40,000 8% 10% 12% 22% 19% 20%
40,000-50,000 9% 11% 12% 23% 15% 19%

 Distribution  Growth   
Size Class 

 
1997 1998 1999 98/97 99/98 Average 

0 – 10,000 22% 15% 11% -31% -25% -28%
10,000-20,000 17% 21% 20% 22% -6% 8%
20,000-30,000 26% 25% 26% -5% 7% 1%
30,000-40,000 15% 17% 18% 11% 11% 11%
40,000-50,000 20% 23% 24% 12% 7% 9%

 
Why is Example 4 better than Example 2?  The growth rates are undoubtedly different.    Example 2 shows only 1% 
growth in the ’20,000-30,000’size class while the adjusted distribution shows an 18% growth.  What is clear is that 
the adjusted distribution is a better measure of likely transits since we can see that in terms of share—adjusted by 
the average ship size – nearly 46% of the DWT is concentrated in the smallest class of ships compared to 22% in 
the unadjusted distribution.  Since ship size and cargo are related, we can expect the pattern in Example 4 to better 
mimic the actual shift in trade between ships of different size classes.    
 

Example 3 – Adjusted Absolute DWT by Size Class Ratios

Example 4 – Distribution of  Adjusted DWT’s 

 
Comparison to Example 2 – Distribution of DWT by R/T/S 
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Growth rates are quite different between the two.  What is striking about this example is the absolute growth of the 
larger size classes.  Growth rates are higher because the shares – relative to size class of vessels – are themselves 
lower.  
 
What Happens when a New Size Class of Ship is Introduced? 
 
We can still be left with problems caused by a sudden introduction of a new size class into the mix of ships passing 
through the Canal.  In general the Canal takes ships up to Panamax, but in reality there are sizes that rarely (if ever) 
transit the Canal within each of the ship-types.  Moreover, size of vessel is closely tied to route.  This adds a further 
complication.  Routes are an important consideration when determining the size of vessel needed for transit.     
 
In order to reduce the possible variance in the distributions, calculation of growth in distribution is limited to the last 
five years.  Average growth is calculated based on year-on-year growth.  When there are no ships in the prior class 
in the earlier years we allow for zero growth during that period on the assumption that there was no trade carried on 
ships of that size or type.   As we start with the 1999 pattern of tons by route, commodity, ship type and ship size 
(R/C/T/S), the shift that occurred in moving towards the larger vessel need not be reflected in a further shift in the 
share. Unless after the shift in share by vessel size there is further growth, there is no reason to take into account this 
shift.  
 
To ensure that we do not push the change in share to a point where all trade is now concentrated in a single vessel 
size class, this growth in trend towards larger or smaller vessels can be moderated.  A maximum or minimum 
growth of 10% ensures that the shift between larger and smaller ship sizes is allowed.  By basing the distribution on 
the size-adjusted DWT it ensures that the smaller ship sizes are not minimized by the introduction of larger ships on 
the route.     
 
Introduction of World Fleet into Ship Distributions 
 
When the Canal adds capacity it will also adjust the maximum size of vessel that can use it.  This will allow larger 
vessels to transit, but the shift is not likely to be entirely smooth.  It may be that ship economics allow vessel 
operators to shift more of the capacity to the larger vessels.  Or it may be that much of what is the “potential” fleet 
that could use the Canal will not suddenly shift ships to take advantage of the larger lock size.   The difficult part of 
building the Canal operational model and simulation tool has been in deciding how to allow for this shift and what 
is the likely impact on the number of transits required.    
 
A good starting point for any analysis of the future fleet through Panama is to understand the significant difference 
between the existing Panamanian fleet and the world fleet.   A second element is to predict the direction of change 
in the world fleet.  The trend is not always towards larger vessel sizes.  For example in tankers the initial push 
towards ULCC’s and VLCC’s has reverted to a route and many of these very large vessels are laid up in shipyards 
and fjords.    
 
Critical to the effort to develop a future ship transit profiles for the enlarged Canal was the effort to develop a 
forecast of the future world fleet.  No commercially available fleet forecast would extend the prediction beyond the 
next several years.  Thus a more analytical model of fleet by type and size class had to be developed.     This model 
divides the world fleet based on ISL’s data relating DWT by ship type and ship size (19 size classes and 7 ship-
types).   
 
Commodity and size class are roughly identifiable.  Bulk cargoes go on bulk vessels while automobiles tend to 
transit in vehicle carriers.  We can see that there is some relationship between the different categories. Similarly, 
refrigerated fruits and vegetables travel mainly on reefer vessels (except that part which is containerized and carried 
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on liners).  Thus the distribution across commodities also reflects ship distributions. In the elasticity model, 
coefficients reflect both commodity and type of vessel. Thus the elasticity model defines the initial split likely.  This 
is reflected in the four major aggregate ship-types.  Thus the shift that is expected to occur between reefer vessels 
and reefer boxes requires a shift in cargo tons from Products O2 and O3 to P28, containerized.  
 
The World Fleet Model and Database 
 
The ISL data reflects both ship type and ship size classifications.  Since we are moving beyond the period when 
there is sufficient information on order books, the model has to reflect the requirements for ships of different sizes 
rather than the known balance of supply and demand.  Stated differently ships will be deleted from the fleet, but 
they will be replaced if there is an absolute need for them.  They will not be replaced or scrapped if the need is less.  
 
 In economic analysis there is a significant difference between the short term and the long term.  In the short term, 
inventory changes may have a major influence on growth rates, whereas in the long term inventory is not important 
since there will always be some general level of inventory associated with a level of output.   Thus knowing the 
order book or knowing the rate of replacement is less important in the long term than in the short term.   Over the 
period for which data is available we know that there were more ships ordered and more ships scrapped.   Assuming 
these balance out so that the growth (if positive) represents the net additions then the series of actual ships in the 
fleet is a good enough proxy to use.   
 
What are the factors that determine then the changing mix of ships within the world fleet?  The first and likely the 
most important factor should be trade itself.  Trade by itself is not reflected in ships.  Ships represent a “unit of 
space” that is constantly changing (since the size of vessels and the distribution across size classes changes over 
time). The absolute requirement for ships of various sizes may depend upon the minimum number of vessels needed 
to support the trade.  Logically if there is a growing trade and a limited stock of ships then we would need more 
ships in the future.  The distance between markets also may make a significant difference in the number of vessels.  
As voyage length increases, so does the number of required vessels.       
 
We can use the detail from the trade data to support this idea.  World trade data is organized into the 10 regions.  
The distance between each region is measured in nautical miles.  Each ship type has a different average speed 
reflective of the type of ship (based on the Corp of Engineers data).  Thus distance can be turned into days of travel.  
It is assumed that some voyages are unidirectional thus the actual use of the ship is ½ since the return leg is often in 
ballast.  An average of five days is assumed at the end of the voyage.  This is a minimum since vessels often sit in 
port for longer or if they are delivering cargo to multiple ports within the region they may liner for more than this 
number of days.   
 
After developing these estimates, the “expected fleet” was compared to the total number of ships currently available 
(from the ISL data).  It is not expected, however, that the estimated ship requirements calculated will exactly equal 
the ISL reported for the number of ships.  There are many reasons for differences.  The primary reason may be that 
requirements that assume optimum utilization of vessels with minimal dwell time.  While bulk and tankers are 
assumed to be used only on one leg of the voyage all other ships are assumed to be nearly fully loaded and thus 
fully employed.  Also the routes are calculated on a region-to-region rather than port-to-port basis.  All bulk trade 
can go to one point within a region rather than the typical pattern of many destinations.  The requirement to serve 
many rather than a few will significantly increase the number of vessels demanded.   
 
Other reasons why requirements fail to follow the actual ship inventories may be that ships remain in the inventory 
even if they are laid up or are unused (or under utilized). Vessels not in use or fully deployed remain in the 
inventory.  Predicting when a ship will be scrapped is difficult and may be directly related to the price of steel scrap 
rather than the demand for transportation.   The ISL databases may include many smaller vessels that are marginally 
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used or possibly shipping vessels, tugs, utility ships, and other specialized, non-cargo carrying, ships.  This is likely 
the reason for the very large discrepancy between expected ship requirements and the actual number of General 
Cargo vessels reported by the ISL.    

 
Requirements for transportation, however, guide the deployment strategy of vessel operators.  Growing 
requirements may contribute to a shift from smaller to larger type vessels.   Vessel allocations are based on route 
and commodity.  Vessel numbers are generated by growth in traffic tonnage through the Canal.  
 

Comparing ISL to MGI’s Estimated Ship Requirements (SR assumes 5 day dwell) 
 Bulk  Multi deck General Cargo 

Years ISL MGI ISL MGI ISL MGI 

1995 5581 5490 5977 224 11199 2190
1996 5782 5325 5866 232 11442 2506
1997 5991 5525 5793 265 11722 2501
1998 6139 5270 5518 280 11920 2504
1999 6049 5347 5233 270 11932 2359

Growth 2% -1% -3% 5% 2% 2%
   

 Tanker Chemical Tanker Liquid Gas Tanker Crude 
Years ISL MGI ISL MGI ISL MGI 

1995 1278 1841 918 4824 6496 4824
1996 1283 1849 952 4807 6611 4807
1997 1317 1885 999 5389 6758 5389
1998 1329 1816 1009 5202 6885 5202
1999 1310 1846 1031 5350 7030 5350

Growth 1% 0% 3% 3% 2% 0%
   

 Liner  
Years ISL MGI 

1995 1590 1066 
1996 1747 1096 
1997 1930 1140 
1998 2170 1121 
1999 2363 1110 

Growth 10% 1% 

 
 
While there is a rough correspondence between the ISL data measuring the world fleet and the derived ship 
requirements estimates, the relationship isn’t that strong in terms of absolute numbers of vessels.   Despite this 
failing when measured across all years and against the shift in numbers of vessels by size class requirements in 
more cases than these differences can explain a significant share of the variance in the ships by size class between 
one period and another.  If the ship owners are rational they must, in the long run, take their cues from the changing 
volume of world trade and the changing pattern of that trade.  The changes in ship requirements reflect both 
measures.  Thus a 1% increase in the requirement for bulk vessels increases smaller bulk vessels by about 0.7 of 

Table 10:  Comparison of MGI’s Ship Requirements Estimates to Actual ISL Fleet
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1%, the number of mid-range bulk vessels by between 1.16 and 1.17, and very large (post Panamax) by only 0.4 of 
1%. A more complete explanation of the World Fleet Model is included in Appendix A.  

 
 

ISL Ship Type PCA Aggregate Ship Type PCA Detailed Ship Type 
Bulk Bulk Bulk 
Multi-deck (RO/RO & Autocarriers) General Cargo Automobile Carriers, RO/RO 
Tankers Tanker Crude and Product  
Chemical Carriers Tanker Tanker 
General Cargo Other General Cargo Refrigerated, General Cargo, Other, 

Vehicle-Dry Bulk  
Liquid Gas Tanker Liquid Gas 
Liner Liner Liner 
 
Integration of World Fleet with PCA Fleet  
 
An examination of PCA ship data compared to world fleet data suggests that the mix of vessels by size class bears 
little resemblance to the world fleet.  Certainly the shift in the world fleet towards larger vessels in some types of 
ships will have an impact on the Canal traffic, but given the constraints of the Canal itself and its influence on the 
sizing of the world fleet, the majority of vessels fits today through the Canal.  The exceptions are in large tankers 
and ore carriers.   
 
To allow for the gradual migration from a PCA centric size distribution to one that is tied closely to the world fleet 
sizes we need to have an approach that allows for a gradual migration.  If the world fleet shifts towards delivery and 
use of larger vessels, then this will impact the Canal.  To allow for this we have to think in terms of the current 
Canal and the future Canal.  The current Canal limits the world fleet distribution to the shift in vessels within the 
Panamax size limits.  As we will show these limits are different for different types of vessels.   

  
 

Agg. Ship 
Type 

Avg. 
DWT 
(000) 

Size 
Class 

1999 2000 2050 2000 - 
2050 

Agg. Ship 
Type 

Avg. 
DWT 
(000) 

Size 1999 2000 2050 2000 - 
2050 

Liner 5 S01 3435 3616 6457 1.2% Tanker 5 S01 17182 16989 14185 -0.4%

Liner 12.5 S02 3579 3768 6639 1.1% Tanker 12.5 S02 3361 3366 4970 0.8%
Liner 17.5 S03 3973 4183 7655 1.2% Tanker 17.5 S03 5085 5082 6358 0.4%
Liner 22.5 S04 7731 8139 14302 1.1% Tanker 22.5 S04 3278 3286 4713 0.7%
Liner 27.5 S05 3453 3635 14512 2.8% Tanker 27.5 S05 8435 8454 14666 1.1%
Liner 35 S06 10206 10744 194578 6.0% Tanker 35 S06 17428 17446 29520 1.1%

Liner 45 S07 12563 13226 54485 2.9% Tanker 45 S07 16103 16093 17133 0.1%
Liner 55 S08 5889 6200 71037 5.0% Tanker 55 S08 7614 7614 10059 0.6%
Liner 65 S09 7971 8391 177975 6.3% Tanker 65 S09 13965 13922 15576 0.2%
Liner 75 S10 0 0 0 Tanker 75 S10 5640 5669 9586 1.1%
Liner 85 S11 1190 1253 78297 8.6% Tanker 85 S11 19366 19514 23699 0.4%
Liner 95 S12 90 95 341 2.6% Tanker 95 S12 18118 18252 21799 0.4%
Liner 112.5 S13 628 661 41320 8.6% Tanker 112.5 S13 15765 15769 18837 0.4%

Bulk 5 S01 2953 2950 2871 -0.1% Tanker 137.5 S14 25875 26053 31127 0.4%

Bulk 12.5 S02 2586 2583 2514 -0.1% Tanker 162.5 S15 9342 9405 11238 0.4%

Bulk 17.5 S03 6997 6991 6803 -0.1% Tanker 187.5 S16 1459 1469 1755 0.4%
Bulk 22.5 S04 10930 10925 10628 -0.1% Tanker 225 S17 11902 12087 19220 0.9%

Table 11 : ISL Ship-types to PCA Aggregate Ship-types and PCA Detailed Ship-types

Table 12: World Fleet Forecast – Estimated DWT by Ship Size Class, 1999, 2000 and 2050 
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Bulk 27.5 S05 21652 21646 21056 -0.1% Tanker 275 S18 73344 74482 118438 0.9%
Bulk 35 S06 29404 29403 28597 -0.1% Tanker 500 S19 40687 41327 65707 0.9%
Bulk 45 S07 33960 33965 33030 -0.1% Gen.Cargo 5 S01 45858 47466 207589 3.0%
Bulk 55 S08 7732 7813 14523 1.2% Gen.Cargo 12.5 S02 15287 15591 52608 2.5%
Bulk 65 S09 34213 34574 64262 1.2% Gen.Cargo 17.5 S03 16130 16100 32330 1.4%
Bulk 75 S10 28217 28516 53000 1.2% Gen.Cargo 22.5 S04 8943 9316 65832 4.0%
Bulk 85 S11 3194 3225 5774 1.2% Gen.Cargo 27.5 S05 3019 3255 41295 5.2%
Bulk 95 S12 2831 2859 5119 1.2% Gen.Cargo 35 S06 3518 3820 52809 5.4%
Bulk 112.5 S13 8314 8403 15036 1.2% Gen.Cargo 45 S07 5416 5878 80906 5.4%
Bulk 137.5 S14 24420 24665 44154 1.2% Gen.Cargo 55 S08 1151 1106 437 -1.8%

Bulk 162.5 S15 32711 33007 59126 1.2% Gen.Cargo 65 S09 65 62 25 -1.8%

Bulk 187.5 S16 8759 8832 15828 1.2% Gen.Cargo 75 S10 0 0 0 
Bulk 225 S17 7725 7737 8183 0.1% Gen.Cargo 85 S11 0 0 0 
Bulk 275 S18 2401 2405 2543 0.1% Gen.Cargo 95 S12 95 91 36 -1.8%
Bulk 500 S19 2566 2571 2719 0.1%

 
 
 
If the Canal capacity is increased by increasing the size of the ship that can use the Canal, then the world fleet 
distribution will influence the mix of vessels by size class that can and will likely utilize the Canal.  This change is 
not likely to be immediate but will gradually adjust over time.  Even with announcement of the larger lock size the 
mix of shipping that utilizes the Canal will not change dramatically.  
 
 
Shifting Trade to Post-Panamax Vessels 
 
The Canal is currently constrained both in numbers of transits and in ship size.  Analysis shows that only a small 
fraction of the vessels passing through the Canal are constrained in terms of maximum DWT, while a very large 
number reach the maximum length, draft, or beam restrictions.  DWT by itself is not always a useful indicator of 
absolute limiting factor when determining potential to transit the Canal.     
 
For example, in 1990 only about 5% of the containerships passing through the Canal were near the maximum size 
limits in terms of DWT (maximum was determined by the largest vessel of that type that passed through the Canal). 
By 1999 almost 14% of the vessels were near their maximums.  A similar pattern is observed in the RO/RO or 
automobile carriers.  In 1999 about 15% of the ship transits were near their maximums.   If, however, we consider 
one of the three-dimensional limits then the share of ship transits close to their limit increases dramatically (length, 
beam, and draft). When these limits are considered then a significant number of the transits will reach the 
maximum.  Beam and draft are the major factors that drive this with the length of the vessel rarely the problem.  For 
bulk carriers (M03) in 1999 42% of the transits were near their maximum for one or more of the three dimensional 
maximums for draft, 40% for beam, and 0% for length.  Full containerships reached maximum size in 51% of the 
transits for beam, just 12% for draft and 16% for length  (limits are assumed to be within 2% of the maximum size 
allowed). 
 
If the current Canal means that there is a maximum size cap, then would a future Canal allow for all size vessels 
through it?  At present time only the largest tankers, bulk carriers, and liners can’t pass through the Canal.  Most 
general cargo vessels can use the waterway. In Example 7, we have displayed some of the information that we 
know about the liner vessels.  In this example the PCA 1999 distribution of tons is the distribution for a single 
product type (P28) and a single route.  In the case of the distribution of DWT for the world fleet we have five ship 
categories and an entirely different pattern across size classes than in the world fleet.  This isn’t surprising since the 
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largest ship of this type that can fit through the present Canal is S07.    In the world fleet fully 39% of the DWT is 
above S07 size class (but not 39% of the ships in service).   
 
If we assume that the Canal builds the required size locks that allow vessels up to S14 to now use the canal, then the 
distribution of available DWT for the World Fleet is the ultimate distribution that could determine the pattern of 
ship transits that apply to the Canal.  While there would be no structural impediments stopping this distribution of 
tons, there is also no reason to believe that the pattern of ships transiting the PCA will be uniform (i.e. the same for 
each route).   
 
The issue to be resolved, then, is how to integrate the current pattern with some hypothetical future pattern.  It is the 
most difficult decision that we have to make when developing a simulation model that is flexible enough to take 
into account an alternative that has no historical precedent.  One way to think about this is to examine how much of 
the world fleet is today above the Panamax vessel limit.  Using the world fleet distribution in the first year after the 
limits are released (year t) we can see that 39% of the available DWT is over the current limits of the Canal.   But 
how much of this additional tonnage will affect the Canal?  There is no purely scientific way to forecast this in 
advance.  The distribution could be as much as 100% or as little as 0%.       
 
The PCA fleet distribution (S01 through S07) equals 100%.  This is by definition true since no ship larger than S07 
for this ship type can pass through the Canal.   One way to think of this is that 100% of the PCA fleet (container 
ships on this route) is roughly equivalent to 61% of the world fleet.  Stated differently only 61% of the available 
tonnage of the world was useful for transiting the Canal – fully 39% was not useable since it would not fit through 
the locks.   
 
One approach then might be to blend the future fleet with the existing fleet.  The future fleet is a distribution that 
covers all of the size classes of ships that could now fit through the enlarged set of locks.   In our example, this fully 
adjusted fleet is itself dependent upon an assumption about how quickly the world maritime community takes 
advantage of the larger lock size available.    It is clear that for some routes the potential to shift over time to the 
world fleet is there, but for others it is unlikely that the larger vessels could be profitably deployed on PCA routes.  
As we will see we have had to develop an approach that allows this shift to occur fully or partially.   
 
In the example we assume a 50% factor for world fleet introduction.  This suggests that of the 39% of the world 
fleet that cannot now go through the Canal its weight in the new distribution should only be 19.5% rather than 39%.  
Thus rather than reducing the distribution of tonnage into ship sizes of the current PCA fleet by 61% (distributing 
100% across 7 size classes to just 61% of the tonnage to these same 7 size classes), we adjust the PCA tonnage by 
80.5% (61% + 19.5% -- the part that was not assumed to be World Fleet).  Pre-3rd set of locks PCA patterns  (these 
patterns themselves continue to shift since the time trend on growth for each category ensures continuous 
adjustment in distributions) patterns of ships then will account for 80.5% of the distribution while the world fleet 
pattern accounts for the remaining 19.5%.  As you can see from the table the part of the world fleet pattern we are 
using is that of larger ships distributed within the larger size classes.   
 
The key assumption is that future ship transits through the Canal will be a function of the existing fleet that is using 
Panama combined with a hypothetical distribution of world shipping.  The majority of the trade will remain within 
the pre-expansion size classes unless the world fleet share increases dramatically.  For some routes we may feel that 
only about 50% of the world fleet of the larger size class could logically be used on PCA routes.   For example   
while there is 39% that could potentially go through the Canal realistically only a few of these larger vessels makes 
economic sense on this route.  If this is the case then 50% might be a better assumption.  In other cases 100% 
should be the assumption since after the shift to larger locks the entire remaining share of available ship sizes would 
be introduced into the hybrid PCA-World fleet distribution.  We can see this by studying the Example 5 below.  If 
the PCA fleet distribution and the world fleet were to merge then this is one possible pattern possible.  It is not, of 
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course, the only possible since there are an infinite number of combinations to choose from, but it is a logical 
distribution.  Yet it would be unlikely that all ship operators would migrate immediately.  We can blend the two 
distributions.  In the example we use a 10% per year blending between the original distributions of tonnage carried 
size vessel.  Since both are distributions that add up to unity the resulting distribution also adds to 100%. 

ShipType ShipSize PCA 
1999 
Distribut
ion Tons 
carried 
by Ship 
type and 
Size 
Class 
1999 

World 
Fleet 
DWT 

Distribution 
WF through 
Max.Ship Size 

PCA 1999 
Fleet by 
DWT 
(Comparis
on only). 

World 
Fleet 
Distributio
n through 
constrained 
PCA  

Fully Adjusted 
Fleet (PCA 

Fleet adjusted 
by World 

Fleet). 
Adjusted by: 

1-(Post-
Panamax 

Share WF * 
World Fleet 
Integration 

Share) 
M06 S01 0% 551 1.4% 0% 0%
M06 S02 0% 282 0.7% 0% 0%
M06 S03 0% 229 0.6% 0% 0%
M06 S04 16% 344 0.9% 16% 12.9%
M06 S05 11% 126 0.3% 11% 8.9%
M06 S06 57% 10206 25.5% 57% 45.9%
M06 
 

S07 
Panamax 

15% 12563 31.4% 15% 12.9%

 S01-S07 100%  61% 61% 80.5%
M06 S08  5889 14.7% 0% 7.5%
M06 S09  7971 19.9% 0% 10%
M06 S10  0 0% 0% 0%
M06 S11  1190 3.0% 0% 1.5%
M06 S12  90 0.2% 0% 0%
M06 S13  628 1.6% 0% 1%

 S08-S13  15769 39% 19.5%
 S01-S13  40069 100% 100%
    World Fleet 

Blending 
Factor

    50%

 
 
As a real world example we will see that the degree of integration of the world fleet under this approach will change 
over time.  Table 14 shows how, for containerized vessels, the share of available DWT will increase in the larger 
sized vessels from a 1999 share of about 36% to a new share of 55%.  If we had used a 100% then by 2050 the 
expected PCA distribution (growing year-by-year by size class but unable to extend beyond the Panamax share, 
would be adjusted by 45% while the remaining distribution of tonnage would be split into the larger liner vessel 
sizes.  It is this shift across ship sizes that is critical to understanding how any future Canal will both yield tangible 
benefits for the world’s shipping industry (more efficient use of ships) and also allow for a larger overall volume of 

 
 
 
Example 5: Allowing for Larger Ship Sizes 
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cargo tonnage to use the Canal despite the maximum increase in transits of just 50% over current capacity (a third 
set of locks).   

 

Containerized Vessels: Predicted Fleet 
by Ship Size Classes 

 

Size 1999 2000 2050 1999 2000 2050 Size 

S01 3435 3616 6457 6% 6% 1% S01 
S02 3579 3768 6639 6% 6% 1% S02 
S03 3973 4183 7655 7% 7% 1% S03 
S04 7731 8139 14302 13% 13% 2% S04 
S05 3453 3635 14512 6% 6% 2% S05 
S06 10206 10744 194578 17% 17% 29% S06 
S07 12563 13226 54485 21% 21% 8% S07 

   74% 74% 45%  
S08 5889 6200 71037 10% 10% 11% S08 
S09 7971 8391 177975 13% 13% 27% S09 
S10 0 0 0 0% 0% 0% S10 
S11 1190 1253 78297 2% 2% 12% S11 
S12 90 95 341 0% 0% 0% S12 
S13 628 661 41320 1% 1% 6% S13 

 
 
Predicting Maximum Ship Size by Future Lock Dimensions 
 
In the previous example we assumed that the lock size is sufficient to accommodate any size vessel.  Since it is 
unclear that the Canal will build a lock that can accommodate these super large ships, then we need to develop a 
“rule of thumb” that can guide the determination for each ship size the maximum vessel weight.   
 
One approach is to determine using statistics the likely DWT for ships of a certain maximum beam, length and 
depth.  If the Canal increases its maximum then scaling up using this information can allow a determination of a 
new “maximum” vessel size.  To do this we have had to develop an understanding of the relationship between 
beam, length and draft and DWT.5  
 
PCA data on ship transits has been used to develop generalized equations that define the relationship between beam, 
length, and draft for different vessels.  The equations are based on an econometric specification that related ship 
transits by vessel aggregates categories in a single year to dimensions.   They essentially represent a statistical 
approach to measuring ship size relative to the known parameters. 
  
The equation (based on a log to the power 10) provides a ready way to determine the new maximum ship size 
allowed through the Canal.  For example, if the third locks were dredged to 45 feet this would add only about 4000 

                                                      
5  DWT maximum varies by ship type.  DWT by itself is not typically the “limiting factor” for Canal transits.  Still very large 
vessels with DWT’s above the maximum do not usually transit the Canal.  Since maximums thus vary.  Ship type M01 – 
General Cargo vessels – have vessels as large as 83,000 DWT transiting the Canal, while M02 –Refrigerated Cargo carriers – 
have a maximum DWT of just 20,000.  Bulk vessels get up to 92,000 DWT.  Each size class thus has a maximum.  There are 
bulk vessels in size classes S12, but likely none greater than this could transit the present Canal, thus S13 and above class for 
bulk vessels cannot pass through.  Any system developed then must be sensitive to these differences between ship-types.   

Table 12: World Fleet Distribution 
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DWT to the General Cargo vessel maximum tonnage allowed and barely anything to the refrigerated cargo vessel.  
Of course at just 36,000 DWT, the refrigerated cargo vessel is unlikely to ever to reach the maximum.  Most reefer 
vessels are quite small.  Where the maximums matter is in the larger vessels.  A vehicle and dry bulk carrier with a 
current maximum (based on the formula) up to 113,000 DWT would increase to 190,000 assuming a 1200-foot lock 
chamber but a constraint of 106 feet and 39 feet.  If you were to build a bulk vessel exactly to the dimensions – 
drawing 45 feet, 145 feet across, and having a length of about 1200 feet then it might be as much as 223,000 DWT 
using the formula.   
 
We can use these rules of thumb to guide the decision on what portion of the world fleet might pass through the 
Canal assuming a larger lock chamber.   In the model it is assumed that the maximum size of the lock chamber can 
be properly specified, the model will calculate a suggested new, post-PCA expansion maximum for each ship type.     

 

 Constant Coefficient 
Beam (ft) 

Coefficient 
Length(ft) 

Coefficient
Draft(ft) 

Ship Type Current 
Max. 

 DWT at New 
Maximums 

 

Current Maximum 106 950 39 Max 
Ship 
DWT 

Maximum 
Size Class

B=145 
L=950 
D=39 

B=106 
L=1200
D=39 

B=106 
L=950 
D=45 

M01 -2.62906 1.634952 1.217674 0.34673 General Cargo 72,408 S10 120,848 96,234 76,091

M02 -1.60191 1.461671 1.019402 0.104191 Refrigerated Cargo 36,282 S06 57,355 46,038 36,827
M03 -3.02512 1.464705 1.614696 0.142335 Dry Bulk 94,610 S12 149,703 137,963 96,557
M04 -2.91509 1.462779 1.509333 0.255423 Tanker 88,768 S11 140,373 126,296 92,072
M05 -2.59172 1.953454 0.982961 0.351071 Container/Breakbulk 70,825 S10 130,610 89,107 74,474
M06 -2.16496 1.675073 1.121266 0.106369 Full Container 54,405 S08 91,949 70,696 55,239
M07 -2.35119 0.66003 1.608945 0.589862 RO/RO 51,889 S08 63,809 75,564 56,459
M08 -3.09835 0.517171 2.147375 0.182255 Vehicle Carrier 42,988 S07 50,549 70,993 44,124
M09 -3.96876 1.073457 2.220056 0.149602 Vehicle Drybulk 113,255 S13 158,531 190,239 115,706
M10 -2.47757 1.680076 1.027123 0.511489 Liquid Gas Tanker 62,719 S09 106,168 79,727 67,482
M12 -3.4725 1.959118 1.213595 0.457208 Other General Cargo 68,630 S09 126,786 91,125 73,270

 
 
Transforming Trade by Commodity into Ship Transits by Size Class 
 
In the first part tonnage reflects the mix of vessels that transit the Canal.  It suggests how that mix of vessels by size 
class adjusts.  In this step the tons distributed into the size classes need to be transformed into ship transits.   The 
approach to transformation is straightforward and based on the way we classify cargo by vessel type.    
 
Transforming international trade – measured by route and commodity type – into likely ship transits is primarily a 
statistical process rather than an arithmetic process.  Since we cannot entirely predict the actions of ship owners or 
even the order of vessels that show up in any point in time and that need to transit, then a measure of likely transits 
must rely upon statistical averages.  But what averages should we use?  Obviously the closer to the likely size class 
of the vessel we can get the more accurate the predicted ship transits will be.  Still even within a single ship size 
class there may be a difference from the smallest to the largest size vessel in the class of 30 to 50%.   (20,001 – 
30,000 or 42% difference from smallest to largest).  Since it is a statistical method it is prone to error, so we need to 
understand the elements that could lead to under counting or over counting transits.       
 
A Statistical Process and Not an Accounting Process  
 
A statistical process takes a known universe of observations and develops averages that reflect the pattern of these 
observations.  It can then use this to project future patterns and in such a manner develop a proper understanding of 

Table 13: Model for Projecting Maximum DWT Based on Canal Ship Transit  Data
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the future.  An accounting process says that on a certain date one ship of exactly this size showed up at the gates, it 
carried just this amount of cargo through the Canal, and its transit and the cargo it handled had been properly 
accounted for in the database.  Unlike a statistical process, an accounting process will not shed any light on the 
future.  We only know the past and we assume that the future will be dissimilar to the past.  The next ship showing 
up could be of an entirely different size than the one preceding it.      
 
Unlike an accounting process that is exact, a statistical process becomes only exact when the number of 
observations is quite large.  Thus looking at the ship transits for a single cargo type (or even route) may produce 
results that have a significant amount of error.  Thus we need to think about imposing some kind of generalized 
error component into the model to insure that we close this gap.  To illustrate how different a result you can get 
from both these approaches we have constructed the following example.   
 
An Example of How the Transit Model Adjusts with the Assumptions About Vessel Size Distributions  
 
Let us assume that total volume of international trade in containerized cargo between Europe and North Asia that 
passes through the Canal is one million metric tons.  Assume it is carried only on 4 ships that transited the Canal 
during this period.  Each ship had a capacity to carry 350,000 MT of cargo and each ship was carrying exactly 
250,000 tons of cargo.  In this case the capacity of the ships that is utilized is exactly 71%, the average DWT is 
350,000 and the average cargo per ship is 250,000.   If there were a wide gap in size between the largest and the 
smallest and there was a concentration of vessel transits in the smaller sized vessels but with one or two larger ones 
as well, then the weighted average could skew the estimate for ship transits below actual.   
 
In our model we estimate likely ship transits at the lowest common denominator – size class – that by definition 
reduces the variance since the absolute number of vessels covered in that size class will group around the size class 
of the vessel itself.  The result is that we should be close in terms of likely number of ship transits by type of vessel 
and by route.  Thus the narrower the range against which the average DWT and average Utilization is calculated the 
closer the final result will be to the precise number of transits observed.  
 
But even when we split ship sizes into size classes of about 10,000 DWT difference we can get errors of 
approximately 10% without trying.  Example 9.1 and 9.2 illustrate how easily it is to develop these differences 
when we are using simplified averages across ships and commodities (within the same size class).   In Example 6 
average size of the vessel is about 25,000 DWT.  This is exactly the mid range of the S02 class.  We assume that it 
is 52% utilized.   The actual number of voyages through the Canal to carry cargo would work out to 52.9 (some part 
of each ship might be used to carry other cargo).  This is based on the actual ship size and the actual utilization for 
each cargo carried.  The error is over 7% undercount.  Within the context then of a large numerical system there is a 
tendency to produce errors of this type.   
 
The gap between the smallest and the largest ships within size class S02 (10,000-15,000 DWT) is 50%.   This 
means that one larger ship at the end of the sequence can substitute for 1.5 smaller ships.  The result is that we 
would tend to undercount the number of transits.  Our results suggest that this will be the case and the degree will 
vary.  We plan to use this deviation pattern by ship type and ship size class to help develop a risk profile model for 
transits.     

 

  Size Class:S02  Traffic DWT Utilization Transits 
  
 200 21 0.44 21.6 
 100 25 0.4 10.0 
 200 27 0.7 10.6 

Example 6:  Mix of Sizes of Vessels and Utilization  within the S20 Size Class Weighted by Trade 
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 150 28 0.5 10.7 
Total All Ships- Actual 650   52.9 
Total All Ships- Estimates  25.07692 0.527692 49.1 
Difference    0.92782 

     
 
 
 
Example 7 illustrates the tonnage carried in the five ship sizes and the distribution of that tonnage allowing for 
growth in the distribution based on the growth in the DWT shares (after adjustment).   

 

 Tonnage by 
R/C/T/S 

Distribution of 
Tons by 
R/C/T/S 

Distribution (without Normalization) 

Size Class 
 

1999 1999 2000 2001 2002 2003 

0 – 10,000 3 2% 0.019153 0.015041 0.011812 0.009276
10,000-20,000 25 20% 0.239388 0.281949 0.332076 0.391115
20,000-30,000 25 20% 0.223678 0.246156 0.270894 0.298117
30,000-40,000 30 24% 0.293692 0.353645 0.425837 0.512765
40,000-50,000 40 33% 0.386582 0.459546 0.54628 0.649385
All Size 
Classes 

123 100% 116% 136% 159% 186%

 
 
To be useful, these must be normalized.   In this example, the number of transits on smaller vessels will be less as 
the growth trend in vessel size shifts towards the larger ones. Example 8 shows the distribution of tonnage shares 
after normalization so that the totals add up to 100%. 

 

 Tonnage by 
R/C/T/S 

Distribution of 
Tons by 
R/C/T/S 

Distribution (with Normalization) 

Size Class 1999 1999 2000 2001 2002 2003 
0 – 10,000 3 2% 2% 1% 1% 0%
10,000-20,000 25 20% 21% 21% 21% 21%
20,000-30,000 25 20% 19% 18% 17% 16%
30,000-40,000 30 24% 25% 26% 27% 28%
40,000-50,000 40 33% 33% 34% 34% 35%
All Size 
Classes 

123 100% 100% 100% 100% 100%

 
We can see that growth trends are far less erratic than the growth rates would imply.  Only the smallest vessels 
disappear.  Now we can take the trade forecast for the commodity in question, again at the R/C/T/S level and 
estimate the tonnage by ship size class implied. 
 
 

Example 7 – Tonnage Distribution (without Normalization)

Example 8 – Tonnage Distribution (Normalized to 1.0)
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 1999 1999 2000 2001 2002 
Size Class 123 145 175 180 190

0 – 10,000 3 2.39 1.94 1.34 0.95
10,000-20,000 25 29.86 36.38 37.67 39.94
20,000-30,000 25 27.90 31.76 30.73 30.44
30,000-40,000 30 36.63 45.63 48.30 52.36
40,000-50,000 40 48.22 59.29 61.96 66.31
 
Tons now shift from one size class to another – from smaller to larger vessels.  We can now transform these into 
number of transits by vessel size class.  By isolating the averages into the various size classes we minimize the 
inherent bias that size has in measuring potential transits.   
 
A statistical process, as Example 7 clearly showed, may produce results that are different than what actually 
occurred.   The more micro we can get in the analysis, the closer the answer should be to the actual.   Even using 19 
ship size classes there are substantial differences in the ship sizes and in ship utilization rates per ship transit.  This 
usually results in an undercount the actual number of transits.  The bias is towards projecting too few transits since 
the shift towards larger vessels occurs inside each size class.  Thus  the average reflects this mix.  If one large ship 
can replace nearly 2 smaller ones even within the S01 category then the estimated number of transits will 
undercount since the average of the large and smaller ships will be weighted towards the upper end of the scale.   
 
Example 10 describes the average DWT at the R/C/T/S level of detail.  Utilization can be increasing or decreasing.   
The growth trend in utilization is indicated.  It is important to remember that while there may be some shift within 
the size class in terms of average, the actual shift in transits from smaller vessels to larger vessels over time, is 
reflected in the shift in the share by ship transits and DWT.  Thus the transits shown will reflect this shift in total 
trade between size classes. 
 

 

Size Class  Tonnage by 
R/C/T/S 

Distribution of 
Tons by 
R/C/T/S 

Distribution (without Normalization) 

 1999 1999 2000 2001 2002 2003 
0 – 10,000 3 2% 0.019153 0.015041 0.011812 0.009276
10,000-20,000 25 20% 0.239388 0.281949 0.332076 0.391115
20,000-30,000 25 20% 0.223678 0.246156 0.270894 0.298117
30,000-40,000 30 24% 0.293692 0.353645 0.425837 0.512765
40,000-50,000 40 33% 0.386582 0.459546 0.54628 0.649385
All Size 
Classes 

123 100% 116% 136% 159% 186%

 
 
We now can extend the utilization into the future using these growth rates.  We assume that no ship is more than 
95% utilized, but there are significant differences depending upon ship-types.  For example container vessels tend 

Example 9 – Tonnage by R/C/T/S and distribution to size classes.

Example 10 – Tonnage Distribution (without Normalization)
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not to go through the Canal more than 60% full due to restrictions on draft and also on line of sight clearance (how 
many boxes can be stacked on deck).   
 

 
 
 

Major Ship 
Type Description 

Aggregate 
Ship Type 

Maximum 
Utilization

M01 General Cargo GC 90% 

M02 Refrigerated Cargo GC 70% 

M03 Dry Bulk BK 95% 

M04 Tanker TK 95% 

M05 
Container/Break 
Bulk LI 85% 

M06 Full Containership LI 60% 

M07 Roll On/Roll Off GC 65% 
M08 Vehicle Carriers GC 40% 

M09 Vehicle/Dry Bulk GC 95% 

M10 Liquid Gas TK 85% 

M11 Passenger Ships GC N/A 

M12 Other GC 90% 
    

 
 
 

 Utilization Rate    
 1999 2000 2001 2002 2003 

0 – 10,000 55% 56% 57% 58% 60%
10,000-20,000 65% 66% 67% 68% 69%
20,000-30,000 80% 80% 80% 80% 80%
30,000-40,000 81% 81% 81% 81% 81%
40,000-50,000 65% 67% 69% 71% 73%
 
We can now use these to transform the tonnage by size class (Example 12) into transits by size class (Example 12 
below).  This is accomplished simply by dividing tons of at the R/C/T/S level the multiplication of projected 
utilization and average DWT for each size class.  Since trade has already been distributed – based on the ship 
distribution – into each size class we have completed the task of shifting trade into transits. 

 
 
 

 
][][

][][
RTCSnUtilizatioRTCSDWT

RTCSTonsRTCSTransits
×

=  

 
 
Example 12 -- Transits by Size Class at the R/C/T/S level 

 # Transits by 
R/C/T/S 

   

Table 14: Utilization Maximums Allowed  

Example 11  – Year by Year Utilization by R/C/T/S

Equation for Transits 
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 1999 2000 2001 2002 2003
0 – 10,000 0.727 0.568 0.452 0.306 0.212
10,000-20,000 2.198 2.586 3.104 3.167 3.308
20,000-30,000 1.359 1.516 1.726 1.670 1.654
30,000-40,000 1.029 1.256 1.565 1.656 1.796
40,000-50,000 1.368 1.601 1.911 1.939 2.014
 
Calibrating Transits 
 
 To make the predicted transits useful we must calibrate these to the actual transits. The first reason is that the Canal 
allocates cargo tons by route and not by voyage.  Thus a ship may carry cargo bound for two distinct Canal routes – 
Europe to West Coast US and Europe to Asia.  The tons for each of these routings are usually separated and the 
result is that the methodology allocates only a partial transit based on the cargo tons carried and the capacity of the 
ship.   
 
The second reason is that a ship may carry more than a single cargo.  Thus the allocation of transits to cargo tons by 
ship type will reflect the partial use of the ship (or similarly the partial use of the transit) for each cargo ton shipped.   
 
Thus we need to look at the total transits estimated relative to the actual in terms of the ship type and ship size.  A 
ship should be classified in only one of these cells, thus a unique transit needs to fall within these limits.   
 
The calibration factor (CF) developed using this approach allows a measurement of the relative deviation from the 
actual for each ship type and size class.  The factor, a pure ratio, will likely deviate over time reflecting the natural 
deviation in the average relationship between DWT and utilization.    
 

  

1999.year  base
actual; transits TR 
estimated; transits TR

factor; ncalibratio  CF

 

=
=

=

=
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^

^
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tsTRCFts

 

 
Ballast Transits 
 
By definition ballast transits cannot be associated with commodity.  Ballast transits, however, can be associated by 
ship type, size, and direction of transit (Northbound or Southbound).  From the point of view of the model, 
directionality is less important than total number of transits by size class since this will define the likely PC/UMS 
and the revenues earned.  From the point of view of Canal operations, however, knowing in advance the number of 
likely transits in ballast by direction can help the development of forward looking staffing plans.  Directionality 
defines the calculation.  There are twice as many ballast transits southbound than northbound.  The ballast factor for 
the last full year is used to project future years ballast transits.   

 
 
 

Equation for Ballast 
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transit. of direction Size, Ship type, Ship  TSd                
Transits;Ballast Factor  FBTR                 

transits; TR                 
transits;ballast  BTR  -- where
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Passenger Ship Transits 
 
Passenger vessel transits reflect the on going demand for cruises in the general economy.  Surprisingly there are 
more passenger ship transits southbound than northbound.  One reason is that the cruise ships often make a partial 
transit of the Canal entering in one direction, turning around mid-lake, and then exiting through the same locks they 
just used.  From the point of view of counting, a complete transit of the Canal and the use of resources is the same.    
 
Passenger ship transits are estimated using an econometric relationship between transits by direction and growth in 
United States GDP.  We tried a variety of other factors, but for the most part the cruise ship industry depends upon 
what happens in the US economy.     From our econometric work we know that for each 1% increase in per capita 
income in the United States cruise ship transits increased by about 2.57 %.   
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PCA Transits – Laden, Ballast, and Other 
 
The model develops estimated transits by ship type and size class.  Chart 8 presents a graphical picture of how 
transits vary depending upon assumptions used.  In the baseline included here, world trade growth is assumed to not 
go below 3%.  We have assumed there is no additional capacity available in the baseline and CWT increases as the 
Canal becomes choked.  In the two alternatives the traffic tons are the same but the mix of ship-types varies.  In 
Scenario 3 we assume a new set of locks is built.  This reduces CWT significantly and allows more tons and larger 
vessel sizes.  We again assume 3% growth in world trade.  In Scenario 4, however, the same tons are shifted from 
reefer vessels (measured by looking at reefer cargoes in general cargo vessels) to container vessels (shifting cargo 
from P01 and P02 for GC to P28 for LI).  This shift occurs, however, over a 20-year period at 5% per year starting 
in 2001.  Fewer reefer vessels transit the Canal and thus ship transits are less in Scenario 4 than in Scenario 3.  The 
liner ships can carry more cargo so there are fewer transits.  Scenarios are numbered in order of completion with the 
true baseline assuming the original SeaFlow forecast for world trade growth while the “baseline” included here 
assumes stronger long-term world trade growth.   
 

Equation for Cruise Ships 
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Chart 8: Alternative Transit Projections (Baseline, Scenario 3 and Scenario 4)
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Transforming Transits into Canal Revenues 
 
The linkage between ship transits and revenues is not entirely direct.  Under the current pricing approach each ship 
pays a toll based on its volumetric dimension.  This toll is unrelated to the cargo carried except in terms of the 
willingness of the ship owner to pay more to get better service (the reservation system).  The approach currently 
used reflects tolls in terms of a single unit of measure – PC/UMS.6   The simplicity of the pricing approach is 
deceptive.  It leads to often-significant differences in relative costs for transit between ships carrying similar 
cargoes.  Paying the same cost per volumetric measure means that small ships pay less than larger ones.  Small 
ships, however, take up almost as many resources of the Canal but may pay half what larger vessels pay.    
 
The approach is fair because it can’t discriminate on the basis of what yields the highest return to the Canal.  In the 
future the Canal is interested in finding an alternative approach but we believe that any approach will ultimately be 
translated into its equivalent unit in PC/UMS. What may vary is how it is applied.  Can it be applied selectively – 
one rate for bulk ships and another for container ships.  In the scenario planning tool this flexibility to set rates by 
ship type and by route will allow for alternative pricing approaches to be introduced and tested.      
 
A second point with respect to tolls and the Canal is that tolls may be only a small fraction of the cost associated 
with a transit.  In our model we include the Canal wait time and thus the daily ship operating costs associated with 
that wait time.  The cost of wait time can be often twice the cost of tolls to a ship owner.   
 
 Like other factors we can calculate the average PC/UMS at the R/T/C/S level using the volume of commodity 
trade.  In the forecasting model tolls per ton is used.  The metric for the traffic model is weight.  The metric for the 
transit model is ship transits.  Ship transits then have to be translated into the metric used in the revenue module 
which is US dollars.   

 
 

We can establish then an average PC/UMS per ship transit at the lowest level of detail we use in the model.  Since 
we know the number of transits and the rate charged per PC/UMS then we can develop an approximate measure of 
revenues per transit.  The sum of all size classes and commodities by route yields a table of revenues per route.  
Total revenues on laden voyages then are the sum of all commodity, routes, ship-types and ship sizes.    

                                                      
6 Panama Canal Universal Measurement System. 

Chart 9: Comparison of Revenues Scenario to Baseline
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Initially calculating PC/UMS depends upon the same methodology used elsewhere.  The full information contained 
in the existing PCA data sets is used with each ship transit and cost associated with a discrete share of total cargo 
tons.  Table 5 illustrates this approach showing how using commodity flow data we can reduce each cargo flow into 
the operational factors that govern ship economics.  
 
Calculating revenues is based on transits, rate, and PC/UMS.  We know exactly the average PC/UMS for each ship 
type, size, route, and commodity for laden voyages and the formula that follows allows for the calculation of 
revenues.  Future changes in rates will change total revenues while shifts in ships from one class to another will 
define future revenues as transits will vary by R/T/C/S.  The sum of all partial revenue will yield estimates at 
different levels—by route (across commodity, ship type, and size), across all routes for a single commodity, across 
all routes and commodities by a single ship type, etc.  
 
For ballast voyages a similar type of calculation relating ballast transits by direction, average PC/UMS for ballast 
voyages by ship type and size, and ballast rates is developed.     
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Equation for Revenues 
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For Future Ship-sizes – Theoretical PC/UMS 
 
Total revenues are measured in terms of the average revenue ton.  Revenue tons, however, may not exist for ships 
that have never transited the Canal.  To develop for these ships the likely PC/UMS an econometric equation was 
developed that linked ship size by type to PC/UMS. Given that each size class has a unique DWT associated with 
the mid-point then a formula showing likely PC/UMS per size class per ship type was developed. 7   
 
In the following sample table we can see estimated PC/UMS values for size classes that currently do not now transit 
the Canal but which might transit assuming lock size increases.  Estimates were based on an equation developed 
using the universe of PCA data by ship type.  Dead weight tons by size class are at the mid-point.     

 

  S-class S12 S13 S14 S15 
  DWT (000)--> 95 118 137 188 
    PC/UMS  (000) Tons 
General Cargo M01 74 91 105 141
Refrigerated  M02 74 93 108 148
Dry Bulk M03 68 83 96 129
Tanker M04 63 78 90 121
Container/Breakbulk M05 97 118 135 179
Full Container M06 42 53 62 88
Roll On/Roll Off M07 133 163 188 253
Vehicle Carrier M08 277 344 398 543
Vehicle/Dry Bulk M09 56 70 81 110
Liquid Gas M10 84 103 118 159
Other M12 178 212 239 308
 

                                                      
7 The equation was based on a sample of PCA data covering all ship transits by type of vessel relating PC/UMS to DWT based 
on the formula: log(PC/UMST) = Constant + Coefficient*log(DWTT.). 
Ship Type Constant Coefficient
M01 -0.0066 0.9484
M02 -0.1152 1.0047
M03 -0.0320 0.9420
M04 -0.0724 0.9478
M05 0.2105 0.8985
M06 -0.5251 1.0860
M07 0.2565 0.9442
M08 0.4958 0.9847
M09 -0.1984 0.9849
M10 0.0577 0.9427
M12 0.6729 0.7982
 

Table 14: Relationship between PC/UMS and DWT based on model
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Scenario Development: Theory and Tools for Analysis 
 
The PCA Traffic and Transit model has been designed to allow easy development of alternative scenarios for PCA 
traffic, transits and revenues.  PCA staff may change assumptions at a very broad level or may adjust individual 
routes and product flows.   Scenario adjustments take the form of four basic types:   

1. Macroeconomic Adjustments; 
2. Trade Adjustments; 
3. Canal Operational Adjustments; 
4. Marketing Adjustments.  

 
Scenarios are stories.   They define the future in terms of what is known about past trends and what is expected if 
certain conditions are met.  There is a significant difference between a forecast and a scenario.  It is important to 
recognize the difference in order to ensure that the results obtained from each can be fully appreciated. 
 
A forecast is the outcome of a mathematical model that relates factors that impact each other in a consistent 
framework.  Models allow complex mathematical relationships to be analyzed in a consistent way.  It is generally 
less biased than a scenario since it depends upon the past patterns.  And while bias can be built in the choice of 
independent variables included, there is no inherent bias usually since these “factors” are selected based on 
economic theory that by definition should be closer to revealed truth.  Of course economic theory can be itself 
biased but statistics rarely can be influenced.   
 
Once the statistical model is finished and tested then the scenario planning tool can be interfaced.  A scenario 
overwrites a part of the baseline using the analyst’s own judgments.  It thus represents a story that if it unfolds this 
way will produce these kind of results.  A scenario tends to be non-quantitative thus, to make it useful, assumptions 
have to be developed.  This is the most difficult part of scenario building since they impose the analyst’s own views 
or those of his clients on the model.       
 
For example take a scenario that suggests that world trade will slow dramatically over the next five years.  Trade 
growth slows in this scenario due to a new movement that is against the trend towards globalization.  The scenario 
might be as follows: 
 
Continued uncertainty with the future growth of the world economy and a slow down in growth in some key countries coupled with rising 
unemployment allows a coalition of environmentalists and labor parties to form new governments in the key industrial and developing 
economies. The forces opposed to globalization and lengthened supply chains begins to have influence and governments respond by passing 
protective trade legislation.  Tariff and other barriers to entry proliferate.       This leads to a decline in the short-term and medium term 
growth rate of international trade of to about 2.5% per year compared to the 5%-6% growth rate in the baseline.  As a result traffic through 
the Canal slows and transits fall. 
 
 
A good scenario should be grounded in facts.  To be effective it must be plausible even if unlikely. To transform 
then a word picture into a numerical picture the analyst has to be prepared to develop assumptions that are 
themselves subject to dispute.  Thus in our scenario above we assume that world trade declines by about 2.5 to 3% 
as a result of the increased protection and that this decline is across all routes and all commodities.  
 
 When this assumption is imposed on the macroeconomic model, the result is a new model that is a scenario.  It 
transforms the general into the specific allowing the results of these “assumptions” to then be related to Canal 
traffic, transits and revenues.  The degree of adjustment – in this case 2.5% is, however, quite arbitrary based on a 
assumptions that may or may not come true.    
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PCA Scenario Planning Tool   
  
The analyst begins with a view about the future and how this future may be shaped by intervention.  This view may 
be a “what-if” or it may reflect new information that could not have been included in the original baseline.  In any 
case the approach is the same.  The starting point for entry is to define a scenario and to apply this scenario to a 
previously defined scenario.  This previously defined scenario, however, may be the baseline itself. 

 
  
 
First Steps: Select Scenario Name and Choose from Existing Scenarios 
 
Each scenario is made up of a collection of sub-scenarios that represent the previous adjustments to the 
macroeconomic baseline, international trade, Canal operations, and marketing.  The analyst need not change all of 
these at the same time.  In fact, the best approach is an incremental one so that each of the “effects” can be isolated.  
This is more time consuming (due to the time required to process a full scenario) but it allows separation of impact 
in a way that changing many different aspects at the same time does not.  As we can see from the planning screen 
below each time a new scenario is invoked the analyst has many choices.  Each choice requires reflection and the 
introduction of a new set of “changes” to the baseline.   
 

Chart 10: Scenario Planning Tool -- Overview
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Second Steps – Create New Scenario by adjusting macroeconomic and Canal operational assumptions 
 
Once a name for a scenario is selected, a set of starting points for each of the elements of the scenario are selected.  
The starting point is the changes made previously.  If there are no changes made then the starting point is the 
baseline itself.  This allows the mixing and matching of scenarios and reduces the amount of work that the analyst 
needs to do since the starting point for adjustment is a previously developed scenario.  This is important since a 
scenario should represent incremental changes and the analysis should allow for comparison between one outcome 
and another.  For example, changing the baseline by allowing for higher tolls in the first few years will reduce 
traffic and ultimately transits.  The comparison, then, is to the baseline.  If in addition to changing the tolls the canal 
waters time adjustments implied by the baseline, are reduced (less traffic) then this is a joint result of the higher 
tolls and lower level of traffic.  The net result is more traffic since the cost of using the Canal is less.   
 
By the nature of scenarios, the assumptions are not simultaneous, but the planner need to consider the causal 
relationships when making the adjustments.  Unlike a mathematical model where the solution itself is a combination 
of all the individual effects, the scenario changes must be introduced exogenously.  They can have multiple, 
simultaneous impacts and they may need to be revised incrementally—raise tolls, reduce transits, recalculate change 
in Canal Waters time, redo transits, etc.   Simultaneity reflects the analyst’s judgment on how one change will 
impact another.  To achieve this judgment the analyst may have to incrementally adjust the scenario to reflect these 
partial changes.  Side models that give rules of thumb may also have to be introduced to guide the judgments.  Still, 

Chart 11: Scenario Planner – Control Panel 
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in the end, the judgment of the analyst is what is critical since the scenario-planning tool is only as good as the 
analyst.    
 
Scenario Planning Tool 
 
There are four distinct types of adjustment allowed within this system.  The order of adjustment is dictated by the 
logic of the system.  Like the baseline forecast itself the starting point for adjustment is the macroeconomic 
scenario.  The future growth of the Canal depends upon the economic health of the world economy.  The baseline 
model assumes one path, but other paths may be recognized.  Changing macroeconomic assumptions by themselves 
will not change traffic through the Canal until the changes are passed through a series of models that can transform 
them into changes in trade at a detailed commodity and route level of detail.      
 
The flow chart highlights the approach and logic of the scenario planning tool.  The actual tool is interactive and 
easy to use.  It is intuitive in design and nearly automatic in implementation.   
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Macroeconomic Adjustments   
 
The starting point for a scenario is to decide if the macroeconomic baseline needs to be changed.  Opening the 
macroeconomic tool in the main menu and displaying all countries shows all growth rates currently in the system 
for GDP.  Changes can be made in all or some of these, but if there is no real reason to alter the macro baseline then 
it shouldn’t be changed.  Other than GDP adjustments are allowed for personal consumption, business investment, 
hourly wages, international trade, as well as exchange rates.  Not all adjustments have a major impact on a country’s 

Chart 12: Steps in Scenario Planning 
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performance.  The most direct impact is through adjustment in GDP which will increase or decrease the private 
consumption components and thus affect the path of short and long-term growth achieved.  The final adjustment – 
after the model is simulated – will differ from the adjustment imposed since the adjustment is only the 
approximation of the effect.  Several passes may be needed to fully achieve the change but these are allowed using 
the scenario manager.  
 

 
 
 

 
 
 
After all changes have been made the new scenario is sent to the E-views module.  This allows the macroeconomic 
and trade models to be simulated using E-views simultaneous model solution software.  Since the macroeconomic 
model is simultaneous, Access is not an appropriate platform for a  model solution.  The actual model has over 2600 
simultaneous equations (it covers 72 countries).  
 
 The E-views module does the following tasks: 
 
1. Takes adjustment factors and integrates them with endogenous and exogenous variables included in the model. 
2. Solves the long-term macroeconomic model for the alternative. 
3. Solves the reduced form PCA Trade model. 
4. Calculates the adjustment factor for trade relative to the baseline. 
5. Sends results to Access. 
 
 
International trade Adjustments 
 
Once the macroeconomic effects are taken into account they automatically produce a new trade effect.  This new 
trade effect can be further refined using the  International Trade Adjustment Scenario builder.   This adjustment is 

Chart 13: Macroeconomic Adjustment Scenario Planner



 72

based on the analyst’s own judgment.  It reflects a refinement in the underlying SeaFlow forecast.  For example, the 
analyst may want to understand what would be the impact of a crop failure in China and a surge in exports of grain 
from the US East Coast to Northeast Asia.   To do this the specific trade flow that will impact transits and revenues 
needs to be exogenously adjusted.   It is important to understand that at this point the traffic model has not been 
used so that the effect is on the world trade flow, not the Canal specific traffic. The trade module differs from the 
marketing module in that the adjustment is an indirect one rather than a direct one.  It impacts traffic through the 
canal through the effect on trade alone.  
 
 
 

 
 
 

  
 
Canal Operational Adjustments  
 
Prior to using the elasticity model to project traffic, the analyst will want to adjust the operational parameters that 
affect the Canal.  While there may be some interest in modification of the underlying economic assumptions, most 
of the changes that are likely to be made occur in these Canal operational factors since they represent elements that 
the Canal can control.  Operational aspects associated with a new Canal, including larger lock size, are also 
included here.  The Canal can change the routing of ships or alter the reservation system to benefit certain ship-
types and not others.  By varying these now quite general factors at a ship and route level different policies can be 
simulated.  Adding a half days transit time to the Canal Waters time for bulk carriers or reducing transit time for 
container vessels could model a policy that favors containers and penalizes bulk operators.   
 
The change in future lock size will impact the maximum size of ship that can use the new Canal.  Ship size, as we 
described earlier, is a function of the locks and the staff can change the assumptions embodied in the model 

Chart 14: World Sea Trade Adjustment Scenario Planner
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exogenously.  This gives flexibility while insuring that the results are understandable in light of the assumed 
changes.  In developing this series of screens the effort has been to allow for as many of these business rules as 
possible without burdening the system in a way that would make using this type of system too difficult.  Thus a few 
limits have been imposed to ensure functionality.  Some elements can only be changed for a single ship type while 
others allow for changes by route and commodity.   

 
 
 

 
 
In the scenario planning tool the analyst is allowed to adjust: 
  

a)  Rates charged for laden, ballast and passenger – Changes in tolls as a percentage increase or decrease by 
route and by ship type;    

b)  Canal waters time – Changes in Canal waters time reflecting bottlenecks and congestion.  Changes made 
by broad ship-types (four aggregate ship-types) based on model relating canal waters time to expected 
future transits and lane outage days.  

c) Future Lock Size Adjustments – Reflect the maximum lock dimensions proposed.  Based on analysis of 
ship size and dead weight tons a new table showing maximum ship size (that can fit through these locks) is 
proposed for review.  Included in this table are 12 ship-types by route.  The default maximum ship size is 
the largest vessel of that type that can fit through the Canal assuming the new dimensions (this varies by 
ship type).  

d) Minimum Coefficients – Increases traffic by reducing the number of coefficients in the elasticity model for 
trade that are zero (the analyst can choose a minimum trade elasticity of .25, .5, .75, or 1.0).   

 
 
The size of the locks defines the maximum ship size.  It is likely that there will be a grace period when few of these 
larger vessels will be time chartered (for bulk and tankers) or enter liner service.   The degree to which these larger 
vessels replace the smaller ones is measured by the percentage of the world fleet pattern that is adopted.  
Realistically, we cannot know the right answer in advance.  Each individual route’s own mix of ships is not usually 
consistent so that the more logical assumption is the one made that the mix of ship sizes used on the route will not 
shift immediately but will gradually migrate.  The opening of the new locks will allow some of these ships to 
migrate to the larger vessel sizes “in relationship to the distribution of the larger sizes in the world fleet”.  The 
degree of adoption may vary from zero (no larger vessels allowed) to 100% (the world fleet distribution 
significantly revises the PCA fleet mix as a result of the new set of locks).   
 

Chart 15: Canal Data Adjustment Scenario Planner
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Canal Waters Time Adjustment 
 
Canal Waters Time is a critical adjustment since it reflects the cost of delay at the locks to ship owners and 
operators.  To develop a reasonable approach to CWT and changes in it, we have developed a simplified model that 
relates CWT to expected growth in transits and maximum number of transits feasible.  In the baseline scenario we 
allow CWT to increase in step with the constraint on capacity.  As more ships wish to transit, CWT increases, 
which reduces the number of transits accordingly.  This is a synthetic CWT calculation since it is keyed off of the 
past trends and designed to ensure that the number of transits does not exceed the maximum allowed.  To remove 
this assumption and to allow for an unlimited number of transits (unconstrained), the CWT assumption would be 
relaxed. 
 
In the scenarios that reflect the 3rd set of locks calculations the assumption is that during the construction phase 
there are further delays.  These delays lead to fewer ships wishing to transit.  However, with the opening of the new 
locks in 2010 the maximum number of ship transits can increase (which is based on the model).  In the supplied 
alternative we have shown the assumed adjustment in CWT based on these assumptions.  This should be used as the 
starting point for the analysis.     
 
In the adjustment to CWT we allow only the adjustment by broad aggregate ship type.  These adjustments – using 
the front-end – cannot be made at a route level.  Within the body of the model, however, CWT is route specific.   

  
 
 

 
 
Canal Rates – Laden, Ballast, and Passenger 
 

Chart 16: Canal Waters Time Scenario Planner
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The second adjustment of critical importance is the tolls charged per vessel.  Adjustments to tolls are based on 
PC/UMS toll rates.  Thus for laden voyages the current rate of $ 2.57 is the starting point and for ballast it is $ 2.04.  
In the adjustment table the analyst is allowed to change this rate by a percentage year-by-year.  In the example we 
assume the rate changes in 2001 by 3%.  This pushes the PC/UMS tolls to $ 2.65.  The next change pushes it to $ 
2.73, etc.  This change is applied to the calculation of tolls/ton of cargo by commodity, route, and aggregate ship 
type used in the model.  It is also used in calculating the total revenues.   
 
Two types of adjustments allowed.  In the first the adjustment is made by type of vessel and is applied to all routes.  
In the second type of adjustment the individual route can be selected and the adjustment applied to a single ship 
type.  This allows then a general adjustment to be made first and this then may be followed by more specific 
adjustments at a route level.   
 

 
 
 

 
 

Chart 17: Canal Rates Adjustment Scenario Planner – By Ship Type for All Routes 
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Chart 18: Canal Rates Adjustment Scenario Planner – By Ship type and Route 

 
 
 
 
 
 
Adjustments made to ballast are not route specific but can be ship-type specific.  Ballast in the model is by direction 
of movement (North-South or South-North), but rate adjustments are not directional. 
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Chart 19: Canal Rates Adjustment Scenario Planner – Ballast Voyages By Ship Type  .   

 
 
A separate adjustment is made for passenger ships rates as well.  Again, passenger trips are by direction, not route. 
There is no ability to change rates from PC/UMS basis to per-passenger charges.  If this is the basis for setting tolls 
for these ships then an alternative calculation will have to be made outside of the model, or a standard factor 
relating number of passengers to size of ship (as measured by PC/UMS) would have to be used (in which case 
changing rates here would change revenues).  It is important to recognize that both ballast voyages and passenger 
voyages are not impacted by toll changes.  Only laden voyages (and indirectly ballast as they are a function of 
laden) are affected by rate adjustments. 



 78

  
 
 
 

 
 
Minimum Coefficients   
 
The PCA traffic and transit model reflects the constraints that existed prior to the completion of the Third Set of 
locks project.  It is likely that during the building of these new structures there will be further erosion of the PCA 
traffic.  Delays at the locks are likely during construction that will add to the Canal Waters time that may be 
anticipated.  All of these changes will drive away traffic.  It is also likely that the relationship between PCA traffic 
and world trade growth will change.  The most obvious direction of change is for the point elasticity to be less than 
before.   
 
In this adjustment, we assume that, with the development of the Third Set of locks, traffic growth will increase.  We 
can see this in the drop in the Canal Waters time allowed and in the adjustment in the model determining 
traffic/trade elasticity.  At the present time the minimum is set at zero (0.0).   This adjustment allows the minimum 
to be changed (as of a fixed date).  We allow the minimum to be raised to .25, .5, .75, or 1.0.  At 1.0 the Canal 
would be getting an equal amount of world trade growth in its traffic growth for that commodity and that route.  
This assumes that operators are indifferent to using the Canal or not using it.  In the current baselines we assume 
that this radical shift in fortunes does not occur until 2030 when the depth of the new locks and the Canal in general 
is improved to a full 50’.   
 
The importance of this adjustment is that it allows the Canal to overwrite the past history.  There is a reasonable 
belief that after the completion of the project the bottlenecks caused by a capacity limited Canal would be removed.  
If these are removed then traffic growth should mimic world trade growth for the routes served.  Of course, the 
starting point for this growth is the base achieved prior to the opening of the locks.  It is possible that once the new 

Chart 20: Canal Rate Adjustment Scenario Planner, Cruise Ship Rates
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locks are in place that the Canal can attract more of the increased trade.  If this is the case then the estimated 
elasticity (from the econometric model) will be greater than 1.0 or greater than the elasticity calculated prior to 
adding the additional capacity.    
 
  
Marketing Adjustments 
 
Marketing adjustment reflect the final changes that can be made in a baseline.  Marketing adjustments are absolute 
adjustments to tons of cargo estimated by the model.  This adjustment comes after the traffic module has been 
processed.  It thus reflects the changes made in the macroeconomic, international trade, and canal operational 
adjustments.  Adding external information about who may be willing to use the Canal in the future at this point 
allows the analyst to overwrite the trends inherent in the elasticity model.  It unlocks new routes that previously 
were impossible due to the limitations on lock size (Brazilian iron ore or Venezuelan crude petroleum). 8 
 
Marketing adjustments reflect new information.  They represent the future as measured by “what if?”.  To 
effectively use marketing adjustments the analyst needs to estimate the probable volume of the likely trade and the 
likely type of vessel that it will be going on.  There are four types of vessels: Liner, Dry Bulk, Tanker, and General 
Cargo.  There are four types of vessels: Liner, Dry Bulk, Tanker, and General Cargo.   
 
In developing the model we have had to impute factors for all possible trades for the Canal.  This is critical since for 
many of the trades there were no flows through the Canal prior to the expansion of the locks.  Imputed values allow 
for the introduction then of trade where none existed before. 
 

                                                      
8 Since, for some of these routes, there is presently little or no PCA tons and thus no history of transits and ship size, the model 
constructs an “average” set of factors to apply.  This allows for the development of new routes based on marketing.  These new 
routes can then be assessed using the same type of variables used to assess existing routes.   
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The analyst can choose the ship type and route.  The marketing screen then shows the actual cargo that is expected 
to pass through the Canal by year.  The types of cargo shown in white are valid cargo types for which there is at 
least one ton going on that type of vessel.  The analyst can fill in volumes for commodities for which there are 
currently no shipments through the Canal by this type of vessel.  The model will analyze these using general factors 
drawn from other products or routes.  This allows the development of new routes for which there is currently no 
trade.    
 
Alternatively the choice can be by commodity and by route.  Ship-types that have valid trade of this commodity 
type are indicated.  Actual trade volume may again be zero allowing the PCA staff to develop new routes.  The size 
of these new routes will have to be left up to the PCA staff to decide based on independent market research.  

Chart 21: Marketing Adjustment Scenario Planner – Ship-type and Route Only 
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Chart 22: Marketing Adjustment Scenario Planner – Commodity, Route, and Ship-type 
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Comparative Static  
 
It is important to recognize that when a new scenario is introduced it alters the underlying relationships, sometimes 
in ways that cannot be anticipated.  Changing more than a single factor along the way complicates the task of the 
analyst when trying to measure the relative effect.  Add more than one new element and the relationship between 
cause and effect is blurred.  Much of what passes for scenario research involves adding multiple layers of 
complexity to the picture.  If these are related then the results can be viewed as a single picture, but if the changes 
are not related then the results cannot be viewed as a clear-cut alternative.  The best way to craft  a scenario and to 
understand cause and effect is to modify one element at a time and see the impact.  If traffic is to be impacted then 
change the canal waters time first.  Then change tolls followed by world trade.  Each of these has an incremental 
and measurable impact.  The difference represents the marginal impact of one on the overall traffic, transits or 
revenues.  
 
Comparative static can allow an analyst to separate the different effects.  More often than not, one effect cancels out 
another.  To isolate these, each of the changes needs to be incremental.  The results can then be compared and the 
difference noted.  This is the essence of comparative static’s since it presupposes that one and only one effect will 
be measured at a time.  
 
In the example, we changed the baseline first, using the 3% toll increase assumption.  This reduces tonnage through 
the Canal.  The actual adjustment varies, and by 2050 it is about 14 million tons per year.  Next we allow for a 
larger lock size and a significant decline in the Canal Waters time from the pre-lock base.  This increases tonnage to 
around 200 million tons (about 1/3rd more than in the constrained).   
 
The increase is measured relative to the original baseline.  Since we know that the cost of the toll increase on the 
baseline is about 14 million tons (and if the tolls had not been increased), we can roughly estimate that the increased 
tonnage would be 14 million higher.  Thus the difference itself would be greater by this amount. The comparative 
static approach then allows each change to be measured and the cumulative changes assessed.   
 
Comparative Static versus Simultaneous Interaction 
 
The long-term macroeconomic model represents a different approach to interaction.  Whereas the PCA traffic and 
transit model assumes changes are made incrementally, a simultaneous-type model, such as the long-term 
macroeconomic model, assumes that changes depend upon the interaction of one variable with another. The 
solution algorithm is based on a Gauss-Seidel solution-set in which each succeeding iteration improves the result.  
A consistent model is one in which the solution is arrived at quickly (after only a few iterations).  
 
In a simultaneous model the relationships can be quite subtle since the direction of change will depend upon the 
interaction of key coefficients.  Changing the business cycle variable may lead to faster or slower adjustment in the 
variables measuring industry-service structure and these in turn can affect trade.  Knowing in advance how these 
“effects” will ripple through the solution set is nearly impossible although we can anticipate direction of change 
based on the signs (plus or minus) of the coefficients.     
 
Whereas in the comparative static model each change can be separated, in the simultaneous model the changes may 
not be so easily categorized.  This is especially the case in a non-linear model where the change is not an absolute 
change ($ or tons) but is a relative change (percent adjustment).  In most cases, however, the PCA Traffic and 
Transit Model can be simulated under rules that are basically linear.   A change in tonnage through the Canal will 
add or subtract transits and the transits impact revenue.  This direct, causal, relationship is important since it allows 
for the comparative static analysis of results (additive).  
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A direct causal relationship is maintained in the adjustment of GDP and the resulting change in international trade.  
All of the relationships are positive (but of varying importance).  Thus an increase in GDP (based on a new 
macroeconomic simulation) will lead to an increase in world trade and an increase in Canal tonnage.  Using the 
front-end, an analyst could add, for example, 1% to GDP growth in all economies and measure the impact in total 
tons, transits, and revenues.  This is despite the fact that there may be some countries where individual variables 
may show a decline as a result of faster growth (more goods and less services, or vice versa).  

 
 
 

Comparative Statics: Looking at Differences from Baseline
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The GlobalMetrix Long-term Macroeconomic  Model 
 
 
As part of the PCA Traffic and Transit model, MGI developed a dynamic, long-term macroeconomic model that 
could serve two purposes: 
1. Extend the Oxford Economic Forecasting Associates baseline scenario beyond the 2009 end point included in 

their standard forecast (all the way to 2050); and 
2. Allow PCA staff to modify the macroeconomic forecast in a consistent manner thus allowing the translation of 

changes in the macroeconomic scenario to feed through to the world trade pattern and ultimately to the traffic 
and transits. 

 
Developing this model proved to be a far more difficult task than had been anticipated.  One reason is that a long-
term model must reflect a different set of underlying assumptions than a short-term model.  Most traditional 
macroeconomic models are traditional Keynesian models.  A long-term model should, however, reflect changing 
structural paths.  It is, thus, more supply oriented utilizing changing patterns of production in primary, 
manufacturing and services and translating these changes into changes in employment and consumption.    
 

 Chart 23: Comparative Static  Approach to Scenario Analysis
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The difference between short-term – single country models – and multi-country models is illustrated in Chart 24 
below.  Arrows represent the trend apparent in the short-term, country-specific, data.  Extending these arrow shafts 
forward would suggest a different result than if countries shifted from one level of wealth to another over the years.  
In the short run the forecast should roughly follow the arrow’s trend, but in the long-term the changing pattern of 
consumption and production will lead to a shift along the curve itself.  If this is the case then to produce the same 
amount of goods – measured by the horizontal line crossing the Y axis – it would take less labor in Japan (b), more 
in Singapore (c), and a significant amount more in Ecuador (d).  In a cross-country model the curve itself is defined 
by the rising path of affluence, as measured by the shift in terms of productivity of labor from point d to point a.  
Under this assumption, the true relationship (as defined by the curve) is the inside line.  It is the Output/Labor ratio 
that is defined by all countries rather than any one country.      
 
This changing path is what differentiates a short-term model (the rays) from the long-term model the inside ray (the 
chord).   Since nations tend to move along paths that have been taken by other nations this progression up the 
developmental ladder is what is critical when defining the longer-term horizon. 

 
 

 
The Fifty Year Time Horizon 
 
Many capital investment projects have extended time horizons.  A fifty-year time horizon is, however, far beyond 
the ability of any forecaster’s “crystal ball.”  One problem with a very long time horizon is that the numbers 
themselves appear to be too large, since they are not in context of the current day.  In 1959 the US Gross Domestic 
Product stood at just $ 507 billion.  By 2000 it reached $ 10 trillion ($ 10,000 billion).  It might have been hard to 
convince someone living in 1959 that they would, on average, be 10 times as wealthy today as back then.  (What 
this says is that looking fifty years out requires the model builder to make some very heroic assumptions).    
 
For the purpose of financing the third set of locks a fairly long time horizon needs to be contemplated.  
Understanding the dynamics of national development along during this period of continuous growth in the world 
economy is not easy.   A long time horizon, however, forces the analyst to think about the future composition not 
only of trade and industrial development but also of ship economics and ship size. When the Canal was built in 

Chart 24: Difference between Short-term (Time Series) and Long-term (Cross-country) Model   
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1907, designers anticipated a world in which there would be larger ships and increased volume of trade.  It is 
unlikely that they expected the massive size of the locks would one day be at their limit in terms of capacity and the 
size of the vessels using the system.  Sizing the locks for the next fifty years requires the Canal to think creatively 
about route structure and likely product flows.    
 
Given the length of the forecast horizon (through 2050) and the paucity of estimates for either real output or 
international trade far beyond 2009, commercial sources were an important and critical element in the design path.  
The macroeconomic model would have to function both as a reasonable forecasting tool capable of extending the 
macroeconomic baseline beyond the 2009 end-point for the commercial forecasts and also as a tool for analysis of 
alternative scenarios.    
 
 
 
Short-term versus Long-term Model Logic 
 
Economic models designed to help forecast economic trends in the short-term tend to focus on monetary aggregates 
and interest rates.  Policy plays a major role in defining growth in the short-term.  Long-term term structures are less 
driven by monetary policy variables and rely upon changes in economic structure.   External trade may drive growth 
but in the more familiar pure Keynesian model as well in long-term growth oriented models.   In the more familiar 
models Gross Domestic Product plays a key role and is composed of the sum of the main aggregates of demand -- 
private consumption, business investment, government investment, government spending, exports less the negative 
effects of imports.  Trade is a net wash adding to or reducing growth in domestic output.  Thusly, trade is not 
complementary to growth since increased imports can lead to slower growth.    
 
In a long-term model, however, only the continuous press of population and the steady march of new technology 
can drive growth.  Countries that are depopulating (as is the case in Western Europe) have to compensate for this 
trend by increasing productivity.  Consumption may also have to increase faster than average to keep the economy 
moving forward since failure to consume in light of growth in productivity can lead to secular decline.  In the 
1950’s, Walt Rostow developed a general theory of economic growth based on a non-linear model of economic 
development.  Countries would begin poor and spend a long period of time as mainly agrarian societies living from 
hand to mouth.  Gradually capital would be accumulated, manufacturing would begin, and economic growth would 
reach a critical inflection point.  This was the “take-off” that lifted a country from the class of poor nations to one of 
emerging nations.  During this phase the angle of curve would be quite steep as capital was accumulated (and likely 
if he had thought of it technology and human capital as well).  At some point a country’s growth would naturally 
slow and it would sustain this higher level for a long period before growth rates would decline as it matured.    
 
 
Our long-term macroeconomic model with its multiple sets of non-linear equations based on equations drawn from 
a cross-country sample of rich and poor nations alike, has many of the characteristics of the Rostow world.  It also 
is close to the Paul Roemer version of endogenous growth although in our model the external trade sector plays a 
critical role in explaining the long-term growth achieved through increased worldwide integration of industry.      
Roemer’s view of endogenous growth assumes that there is a natural internalized structure that will eventually lead 
to strong periods of economic growth.  He postulates that there will be convergence over time between rich and 
poor.  This happens only slowly.  In our model it begins to occur by 2040 as the share of the poor countries reaches 
equilibrium with the rich and the faster rate of growth of these states overcomes the inertia gripping the richest 
nations (having reached a kind of long-term equilibrium and depopulation stage of their development).  This occurs, 
however, in the distant future (around 2040-50 rather than 2010).  
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Endogenous growth comes from internal development and from external demand (as measured by foreign activity 
variables).   Each country begins with a natural endowment of land, labor, and machine capital.  Capital can be 
manufactured within the country (dependent upon the build-up of technology) or imported.  In poor countries, 
capital is often imported first and then, as development proceeds, manufactured.   Capital and technology are 
additive – they build upon earlier stages of development, while land represents some special characteristic of the 
nation.  Some countries are extremely well endowed with resources, and others have no resources at all apart from 
their human capital.  African nations may have extensive mines and even fertile lands, but lack the social 
infrastructure and legal traditions to transform these resources into realized economic growth.  Human endeavor is 
critical to success. Thus, poorer city-states such as Hong Kong and Singapore have per capita wealth more than 10 
times that of most African nations. And while population may be outside of the internal system, in reality 
population growth can be made endogenous by the well-described relationship between population growth rate and 
wealth.  Wealthier countries tend to have lower population growth rates than poorer ones.  
  
 
The model confirms the general trend towards convergence (or at least a slowing down of the natural growth rates 
as development proceeds).  Gradually, as knowledge proliferates and capital stocks grow relative to workforce, the 
growth takes-off.  Wealthier nations will tend to slow down as the diminishing returns to scale set in and reduce the 
long-term growth rates achievable.  Poor countries move up the development ladder at an accelerated rate.  In the 
long-term growth theory there should be a convergence between rich and poor.  Testing for this convergence is, 
however, quite difficult.  Convergence of growth paths generally requires that the fast growing, emerging nation 
slow down rather than the richer market speed-up.   
 
When does the switchover from rapid growth occur?  This is the critical question since it dictates the long-term rate 
of world economy growth.  The success of a nation to lift incomes and raise living standards is a function of how 
effectively it can internalize demand.   This is the key to long-term growth.  The flow of funds is the critical engine 
of long-term growth (rather than demand from external sources).  Thus while international trade can stimulate 
growth, it cannot sustain it.  Japan is learning this lesson the hard way as it has found itself caught having developed 
by reducing internal consumption levels, maximizing savings, and stimulating economic performance on the back 
of a large external surplus.  This growth model cannot endure.  
 
In the long-term macroeconomic model that has been developed, wealth creation is the critical driver for economic 
expansion.  As wealth is created, it leads to an increasing standard of living, which shifts production (demand and 
also supply) from primary production (the lowest form of productive output) to services.   Changing internal 
demand for goods and services drives this shift in resources.  Long-term economic growth thus depends upon a 
continuous shift in the productivity of the most efficient sector the less efficient ones.  This appropriation of the 
productivity gains can be easily observed in the sector shares in the table below.  In 1980, 5% of the United States 
work force was engaged in agriculture, 21% in manufacturing and 73% in services.  By 2050, we estimate that only 
about 1% should be engaged in agriculture (off a larger base), 6% in manufacturing, and 93% in services.  Clearly, 
the shift towards a service-centric economy, trading its most critical products with the world at large and buying 
what it needs, would come to pass if we simply project the US economic growth path along the inside track rather 
than using the current production ray.      
 
The long-term macroeconomic model’s estimate of share by sector is significantly different from the simple time 
trend results.   In the long-term macroeconomic model, the service share of the US economy in 2050 reaches 93% 
compared to 90% based on the time trend alone.  In China, the service share is 66% in the macro-model and 61% in 
the time trend.  More importantly 20% would remain on the land (in agriculture) compared to 15% using the cross-
country model equation.  Similar differences can be noted in the share of production.  Productivity and valuation in 
services in the macro-model are significantly greater than in the time trend model.   
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Thusly, in 2050 the macro-economic model (based on the long-term pattern drawn from the full cross-country 
sample) sees services garnering 87% of total gross output (up from 63%), whereas, in the time trend, the share 
would be only 78%.  Manufacturing share in the time trend is 9% higher than in the macro model.  Less 
pronounced, but similar differences can be observed for China as well.    
  
 
 

 

 Employment Share   Gross Output Share   
 1980  2050  1980  2050  

GM Long term 
Macroeconomic 
Model 

United States China United States China United States China United States China 

Agriculture 5% 83% 1% 15% 5% 38% 2% 2%
Manufactures 21% 9% 6% 18% 33% 32% 12% 84%
Services 73% 8% 93% 66% 63% 31% 87% 15%
Country Trend United States China United States China United States China United States China 

Agriculture 5% 83% 1% 20% 5% 38% 1% 4%
Manufactures 21% 9% 9% 19% 33% 32% 21% 81%
Services 73% 8% 90% 61% 63% 31% 78% 15%
Source: GlobalMetrix 
 
 
Structure of the GlobalMetrix Long-term Economic Model 
 
The GlobalMetrix Long-term Macroeconomic model reflects the circular flow of the economy.  Economic systems 
grow because they transform human labor into useful services.  The success of a system depends upon the tools it 
has at its disposal.  Where resources available may have once been the key element explaining economic growth in 
an economy, in today’s information intensive world it is often human capital development that matters.  Ultimately 
the GM Long-term Model will be transformed to include social indicators that can help define future growth.  
Expenditures on education and health may be key factors in explaining long-term economic progress.   
 
In more traditional short-term economic models, the most important elements explaining economic growth are 
defined by personal consumption expenditures (PCON95) and business investment (INV95).  Gross Domestic 
Product (GDP95) is a simple identity that links total productive output of the economy (measured by GDP) with 
consumption.  The standard operational equation C+I+G+E-M reflects this.  Where C is personal consumption 
expenditure, I is investment (including inventory changes), G is government expenditures, E is external or exports 
(generated by foreign buyers), and M is the purchases from foreign producers or imports.  Demand drives 
employment and employment measured against available labor supply drives hourly wages (a proxy for income 
growth).  This is the standard circular flow in the textbook style macro model. 
 
In the long-term model population growth drives employment through the employment share variable.  Over time, a 
greater proportion of the population can be employed as purchased services replace non-purchased services.  With 
women shifting from home to the workplace, the size of the labor pool rises.  Supporting this change is a growth in 
services – both to the expanding businesses and to meet the demands of the new workers for childcare, food 
preparation, cleaning, health and leisure.  This production expands the potential for labor further.  Without 
continuous growth in productivity this additional labor into the workforce would naturally degrade the productivity 
expected.  Technology provides the glue for expansion in advanced economies since it allows a better utilization of 

Table 15: Comparison United States and Chinese Economies (1980 – 2050)



 88

capital by labor.  The information technology revolution has allowed these service intensive businesses to also 
benefit from productivity enhancements.   
 
International trade represents a further refinement of the long-term model: 
 

1. It allows for greater competition that drives innovation and new product development.  It forces the pace of 
change making the playing field uneven and thus driving human competition.  

2. It allows the import of less costly products no longer able to be produced.  As countries advance they lose 
their willingness to produce products that have a lower value-added component.   

 
This shift up the value chain is a product of the rising cost of both labor and capital.  Thus, once a low value 
industry is lost it is less likely to return; trade replaces domestic production.  This explains why restrictive trade 
legislation rarely has the desired effect of promoting domestic production of import substitutes in more advanced 
nations.9  
 
For example, the simplified relationship – across 72 countries – for GDP assumes that trade both exports and 
imports are critical.  The difference in export and import patterns for China and the United States can be seen in the 
table below.  In both cases exports add to growth in output and imports reduce growth.  In the case of China, where 
both exports and imports are growing strongly, the impact is quite substantial.   The benefits from trade for both 
China and the United States are well illustrated in the elasticity’s.  Comparing the effect of exports against imports 
we can see that assuming a net balance in export and import growth a 1% increase in trade increases GDP by about 
.55 of 1% in the US and nearly .6 of 1% in China.  China, however, would gain more from exports than the US (.99 
to .72) but imports would reduce GDP growth by more (.4 to .15).   

 
 
 

Percent Change in GDP to Change in Trade   

Year Export Import 
 US China US China 

1980 0.746694 0.78914 -0.15073 -0.18655
2050 0.719754 0.994514 -0.14944 -0.40185

Source: GlobalMetrix 
 
In the flow chart below a simplified circular flow model is presented.  Guiding the long-term growth path to be 
taken by the economy are structural parameters.  These are tied closely to the stage of economic develop as 
measured by per capita GDP and the size of the population base (a proxy for market size).  International trade is 
linked across all countries.  There are also linkages across the production between countries.   Each country’s share 
of world manufactures is a key variable in this chain. 
 
 
 
 
 
 
   
                                                      
9 There may be a case for import substitution in poor countries where this transition from low to higher value products has not 
occurred.  Thus even if the United States were to slow the headlong pace of imports, it would likely induce a growth slow-
down in its economy rather than a surge in growth.   

Table 16: Change in GDP to Change in Trade 
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Macroeconomic Adjustments to Trade Adjustments 
 
The linkage between macroeconomic changes and trade changes within the model is direct.  A change in an 
exogenous assumption with respect to the macroeconomic baseline is applied to the trade baseline.  This linkage is 
through series of equations linking the PCA version of SeaFlow (the MGI supplied maritime trade forecast) with the 
macroeconomic model solution.    
 
The equation is based on a cross sectional model in which the 10 regions are the cross-sectional panel of data.  A 
separate trade model for imports is developed for each commodity flow.  Different specifications allow for 
differences in effect of macroeconomic changes on trade.  This simplified model, less detailed than the original 
forecasting model, allows the analyst to measure the relative impact of a change in the macroeconomic baseline on 
international trade by route and by commodity-type.  
 
The trade model takes one of two forms.  The first relates trade to personal consumption spending, primary share, 
and import share.  It is used primarily for raw materials and agricultural products.  The second relates trade 
(imports) to personal consumption, investment, manufactures share, and import share.  This is used mainly for 
manufactured goods. Results from these equations are compared to the original SeaFlow trade data (in PCA Routes 

Chart 25: GlobalMetric Macroeconomic Model Framework
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and Commodities).  The ratio of adjusted to actual is passed from E-views to the Scenario planning tool in Access.  
The adjusted trade data then may be further adjusted in the Access module allowing the analyst to fine tune the 
results.  
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Adjustments to the Macroeconomic Baseline 
 
The long-term model allows the development of a long-term macroeconomic baseline as well as a simulation tool 
for adjusting elements of that macroeconomic scenario.  Therefore, it serves two purposes insuring a consistent 
long-term macroeconomic forecast sufficiently robust to allow for detailed commodity trade projections beyond the 
forecast horizon.  It must also be flexible enough to allow for a change in a key assumption (exogenous) or to 
measure the impact of a cyclical downturn in one or many economies.   
 
Because of its dual nature it is important to understand how a change in one exogenous assumption can impact the 
final traffic and transits through the Canal.  While we expect there to be some adjustments to the baseline 
macroeconomic scenario from time to time, changing the macroeconomic inputs to the trade model should not be 
undertaken lightly.  Short-term assumptions reflect the best efforts of a team of economists working with real 
economic data.  Longer-term assumptions about the rate of economic growth, however, can have a major impact on 
the trade.   
 
To limit the potential for “over adjustment” the Access model will not allow certain adjustments.  If GDP is 
adjusted up or down then the adjustment for personal consumption and business investment will reflect this 
adjustment alone (the same adjustment).  If GDP is not adjusted, then individual adjustments to personal 
consumption spending as well as to business investment spending are allowed.    
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International trade may be adjusted at the world level—in which case exports and imports of all countries are 
adjusted uniformly.   Adjustment of a model growth rate to reflect new developments has some impact on other 
countries through the trade effect, but this is generally limited, unless there is a large-scale change or the country’s 
importance in the world is great.  Adjustments are designed to allow the PCA staff to analyze the impact of booms 
and busts on Canal traffic growth. The macroeconomic model tool is designed to allow the systematic development 
of an alternative to the supplied baseline trade forecast.  This alternative depends upon a change in a limited number 
of variables that impact the short, medium and long-term model.  These factors are as follows: 
 
1) Gross Domestic Product [agdp]; or Personal Consumption [apcon], Business Investment [ainv] , and 

Government Expenditures [agcon]. 
a)  An adjustment to GDP will automatically change each of the components of GDP by the same amount.  If 

no adjustment is made to GDP then individual adjustments are allowed to each component of GDP.  
 
2) International trade adjustments—World Trade [awdimg]; or Country-specific imports [aimg] or exports [aexg]. 

a)  Changing international trade across all routes and commodities is possible using awdimg.  Alternatively an 
individual country adjustment is allowed.  

 
 
3) Exchange rates adjustments [airx] allow for a change by country in exchange rates.  A positive increase in the 

index of exchange rates represents a devaluation (relative to the US $) while a negative adjustment is a 
revaluation of the currency.  In general devaluation should decrease imports and increase exports while a 
revaluation will do the opposite.   The model is not that sensitive to changes in exchange rates although these 
have some impact on real activity levels and international trade.  

 
 
4) Hourly wages adjustment [hrwage] allows adjustment in the available income stream and impacts the 

competitiveness of individual countries in the international trade model structure.  Countries with rising hourly 
income streams can consume more.  Controlling hourly wages is another way to control economic growth. 

 
 
5) Demographic trends are impacted through the population growth allowed  [apop].  They have a major effect on 

long-term economic growth.   Slower growth in the advanced countries (as population’s fail to reproduce) leads 
to a secular deterioration in the economic growth.  Overcoming these trends requires additional investments in 
capital or the economic growth path will deteriorate.  In many European countries, where population declines 
after 2020, the rate of growth decelerates and then is even slightly negative (but GDP per capita is positive).   

 
      
From Macroeconomic to Detailed PCA Route and Commodity Trade Adjustments 
 
 
The macro tool feeds directly into a trade simulation tool using an integrated E-views program.  An adjusted 
macroeconomic baseline is used to modify the international trade data prior to input into the PCA Traffic module 
(in Access).   This linkage is automatic with each modification in the macroeconomic baseline leading directly to a 
modification in the international trade by route [R] and by commodity [C].   
 
Commodity and route specific trade depend upon inputs from the macroeconomic model.  In the diagram below we 
can see the structure of the adjustment process.   The macroeconomic inputs are fed directly into the trade 
adjustment module in E-views.  This is automatic and the process used is outlined in the diagram below.  A new 
forecast of international trade is developed.  This forecast is compared to the current baseline forecast for IT 
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(without adjustment).  The ratio of these two IT’s to IT is the adjustment factor.  This adjustment factor is by trade 
route and commodity (PCA routes and commodity classifications).  The resulting adjustment factor is fed directly 
into the PCA Traffic and Transit model in Access.  It is the starting point for additional adjustments directly to trade 
at the route and commodity level of detail.       

 
 
 

From Macroeconomic to
International Trade [Route and
Commodity] Adjustments

Inputs from Macroeconomic Model
65 countries & region detail
•Personal Consumption [pcon]
•Investment [inv]
•Consumption Share [cggdp]
•Imports Share [mgcg]
•Manufactures Production [manuf95]

Aggregate 65 Country & Regions 
 to 10 PCA Routes

International Trade Reduced
Form Model

IT[RC]:
IT=f(PCON95, INV95,CGGDP,

MGCG, Manuf95).

Estimated IT[RC]
based on New Macro factors

IT’

Baseline IT[RC]
from SeaFlow

IT

Adjustment Factor for IT[RC] 
 

AIT[RC]=IT’/IT.

IT Risk Module
 RH = IT[RC] + rdn*stdev. IT[RC].
RL = IT[RC] - rdn*stdev IT[RC].

AIT[RC] = Adjustment Factor
for Trade by Route & Commodity.

&

RH & RL -- Adjustment factors
to AIT[RC] for risk scenarios.

Adjustment directed to Access Modules:

AIT[RC]H = RH*AIT[RC]
AIT[RC] = AIT[RC], 1.0 = Baseline Macro & SeaFlow
AIT[RC]L = RL*AIT[RC]

Access
PCA Traffic & Transit

Model

 
 
 
 
 
Risk Analysis 
 
The risk module is also developed at this point, although it is invoked only when a risk scenario is required.  Adding 
a randomized risk profile to the model allows for a band to be developed around the forecast.  While it allows for 
this wide band representing the high and low based on a probability distribution, it may also confuse the matter 
when presenting results.  By its very nature, risk is neither always positive, nor always negative.  It is rather the 
collection of positive and negative factors that describe the future.   
 
A pure Monte Carlo simulation was considered and rejected because of the complexity and the sheer size of the 
model.  A risk model framework that can show a range around a core baseline was agreed to.  This range is 
described by the variance (as measured by the Standard deviation) in the international trade data at the route and 
commodity level of detail.   
 
Before looking more closely at this module we need to fully define what “risk” is and how best to introduce 
randomness and variability into the baseline.  To understand how risk fits in, we need to think of international trade 
as a highly variable and the long-term forecast as one that is based on a trend in key variables.  These trends may be 
non-linear and they may be complex thus more than one trend interacts forming a kind of interference pattern (to 
draw from the physical work analogy) of intersecting lines.  A risk module further muddies the waters and varies 
the lines of interaction.  It does this by imposing a stochastic variation on the growth rate for the flow itself.  The 

    Chart 26: Macroeconomic to International Trade Adjustment
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PCA core data includes 100 routes and 29 products or 2900 potential random observations.   Each year is 
independent and the degree of adjustment will vary as the random number generated varies.  The purpose of any 
risk based forecast then is to frame the issue of how much of a risk is there in the decision.   
 
We can understand this by thinking about how an economic model relates the past to the future.  It first looks at the 
full sample of underlying data and develops fixed relationships between the past pattern and the future pattern.  It 
keys the dependent variable (the variable that is to be forecast) and the historical data for that variable with other 
variables -- called independent variables -- that should have an impact on that future growth.   It then measures the 
degree of interrelationship between the dependent and the independent variables. At its simplest, it is the average 
change of the dependent variable against the average change of the independent variable.  It thus reduces all of the 
historical data to a single coefficient.  What this means is that the future growth path will rarely be as dynamic as 
the past.  So long as this is the case then the trade forecast will produce a smooth growth trend.    
 
We can see this in the PCA data by looking at one of the less important trades.  In this example, we show Africa to 
Central America and the Caribbean for metal products.  In Chart 27, we see the historical period and the forecast 
period as well as the calculated standard deviation for the period 1990 – 2000.  The standard deviation of the growth 
rate (yearly) is 83%.  As we can see, there is at least one year when the growth trend shot up more than 200%.  We 
can say, for example, with 97.5% confidence, that the growth rate will be less than 194% in any future year (30% is 
the average growth, 83% is the standard deviation, and 1.96 confidence intervals around the mean is 30% plus a 
little less than 166%).  It is clear from this example that a very wide band – 1.96 standard deviations around the 
trend – would not define the real risks involved.  It is very likely that the actual growth rate will be less than this 
nearly 200% increase that may be due to a one-time shipment even.  
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Chart 27: Africa  Central America, Metals 
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Developing a Reasonable Risk Algorithm  
 
The approach we use here is to limit risk in some way that allows for the upper and lower bounds to be fairly 
estimated.  These bounds, as we stated before, may be quite wide since the trade itself has been highly variable.  As 
there is no single acceptable method for adding a risk profile to a trend forecast, risk can be added by 
predetermining the distribution of it using the probability described by the normal distribution itself.  We know, for 
example, that 1.96 times the standard deviation will define approximately 97.5% of the variance of the series.  Two 
standard deviations on either side of the mean may be far too wide since almost any growth rate can fit within this 
wide space.  The critical factor to remember is that the trend forecast itself represents a 50% probability.  A narrow 
range around this adds slightly to the probability that growth and trade will be at least this large or almost this large.  
 
The trend itself represents the compromise between variability inherent in the series under analysis and the direction 
of change inherent in the series itself.   The standard normal distribution around zero would have as many 
observations in the positive as in the negative.  If the sample is quite large – more than 1000 – then this should fall 
into what looks like a normal distribution around a zero mean.  
 
An alternative choice may be to allow for a random number generator that is between zero and 1 (but always 
positive).  An optimistic case is always more than the trend by some fraction of the standard deviation.  In the 
pessimistic case, the trade would be below the trend.  Statistically we can assume that there is a 50% probability that 
the forecast will be right.  If this is the case then 1 standard deviation over the trend has a likelihood of 67% of 
being less than the sum of the growth rate and the standard deviation of the growth rate and 67% chance that it is 
above the growth trend minus the standard deviation of the growth trend.  This frames the question.  A random 
number generator has a 50% probability of being .5 and near zero of being 1.0 or zero, thus the relationship for 
determining an “optimistic growth” or a pessimistic growth trend could be framed using this to bracket the 
likelihood function. 
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RCoryGrowthHistdevStdRCdGrowthTrenRCcGrowthPessimisti
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We can see the impact of using this approach on a single route and commodity in Chart 28.  The two lines vary 
around the trend because of the use of the random number that varies between zero and 1.  In some cases the 
variable is close to zero, as the trend and the optimistic are close to the same growth trend.  In other cases the 
random number is closer to .5 or even 1.  Even if we used a very narrow band – measured by ¼ of the standard 
deviation around the trend – we can see that for the Africa route with its significant variance the band can be quite 
large.    

Equations for Risk Analysis   
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Cumulative Risk Analysis 
 
 We can see how, when combined, these individual risk growth patterns yield a fairly stable band around the trend 
growth rate.  In this assumption we have allowed for a one standard deviation above and below with the random 
number generator zero to 1 on either side.  The result is a wide band that defines the probable world trade (across all 
products and routes).  We can see it is symmetrical but that the ups and downs are uneven.  This lack of evenness is 
due to the random number process itself.  Trade through the Canal when measured against world trade will show a 
similar spread assuming that world trade is one standard deviation higher or lower. 
 

Chart 28: Risk Profile – Africa to Central America
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Summary of Risk Analysis Approach 
 
In summation, the risk analysis can be applied the Canal traffic either in the baseline or after any of the scenarios 
have been defined.  It develops a high and a low alternative based on the standard deviation in the world trade.  The 
relative dispersion of the high to low will likely be nearly the same although the actual pattern may be different, 
since a random number generator is used and this will change with each run of the model.  A new random 
disturbance term is calculated each time a new risk profile is required. This is in keeping with the use of a random 
event approach to risk analysis.  
 
The risk analysis module can be applied to a finished scenario.  Two alternatives are produced -- one high and one 
low-- based on the risk profile.  The risk profile is developed at the time the analysis is carried out by calling a small 
E-views program.  This sends adjustment factors (by year, route, commodity) back to the PCA Traffic and Transit 
model for processing.  
 
 
Seasonal Pattern of PCA Traffic and Transits 
 
 Seasonal factors can play a major role in the Canal operations.  Surges and lulls in shipping occur as a result of the 
seasonal flow of world commerce.  This is especially true for perishables – grains, fresh fruits, vegetables, etc.  It 
may also be true for certain finished products.  The 3rd quarter of the year is often the most important in terms of 
trade since it is the point in time when most of the inventory is acquired prior to the Christmas season.   
 

Chart 29: Cumulative Risk Analysis – All Commodities and All Routes
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Some of the monthly variations in the Canal transit and tons data can be attributed to this systematic ebb and flow 
of products shipped while some of the variability is stochastic – due to random patterns of trade.  The former can be 
measured while the latter cannot.  Seasonal adjustment procedures – outlined below – measure systematic 
differences in the underlying data in order to identify differences between the trend and the systematic disturbance. 
 

decline.or  growth term-long measuring trend Time  Trend
trend. from deviations monthly  Average Factors Season

Type Ship  AggregateCommodity, Route, theat  tons Traffic TR 

=
=

=
= wherectorsSeasonalFaTrendfmTRRCA ),,(

 

 
Seasonal Factors are developed for each unique route, commodity and ship aggregate tonnage.   The steps in the 
process are as follows and are automatic with each revision in the baseline forecast (and import of new PCA data).   
 
1. Using data from  June 1994 to June 1999, calculate  
 

Sharet = TON_RCTt / (0.5*TON_RCTt-6 + TON_ RCTt-5 + … + TON_RCTt+5 + 0.5*TON_ RCTt+6).   
 
If the denominator  = 0, Sharet = 0.   
For example, 

 
ShareJun94 = TON_RCT Jun94 / (0.5*TON_RCT Dec93 + TON_RCT Feb94 + … + TON_RCT Nov94 + 0.5*TON_ 
RCTDec93). 

 
2. Take the simple average of the last 5 years’ Share for the same month, AverageSharem, where m = Jan, …, Dec. 
 
3. Compute the Seasonal Factors for each month, Sm  and normalize shares (sum of all shares = 1.0). 
 

Sm = AverageSharem/( AverageShareOctober + … + AverageShareSeptember) 
 
If the denominator  = 0, Sm = 0. 

 
The seasonal factor represents a unique pattern of Canal traffic.  It is fully normalized in Step 3 so that when used in 
conjunction with annual data produces an expected pattern of traffic through 12 months of the year.   
 
Integration with Monthly Data using PDC Traffic and Transit Data (Monthly)    
 
The next stage of the process integrates actual monthly data with estimated data.  This process assumes that the 
monthly data replaces the estimated data for the months for which it is available.  Given that the monthly data is 
used in the process of developing the current year’s estimated total tons the differences between the sum of the 
actual months plus the estimated months (seasonally corrected) will be close, but given that seasonal flows can vary 
the two models can produce “different results”.  Thus, the monthly estimates should be taken as estimates for the 
reasons noted.  
 
Translating Monthly Tons at the RCT level into Ship Transits and Revenues 
 
We have to use data derived from both the monthly and the annual database to develop an average transit by 
aggregate ship-type and average revenue per transit.  The baseline forecast is the key to developing useful factors 
for this analysis.  The average is based on the average transits per ton by aggregate ship-type and revenue for the 
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remaining months of the year and the following year.  For example, if, as is the case today, we have complete six-
month data (October – March) then we can use this data and the forecast data to develop a transit and then revenue 
forecast.   
 
Tons per Transit (Year 2000) = (Tons_RCT 2000 – Actual Tons for Oct-March) / (Transits_RCT 2000 – Actual 
Transits for Oct-March). 
 
Divide the monthly Ton_RCT by the Average Tons per Transit for the corresponding year to obtain the monthly 
Transit_RCT.  Use actual transit data for the available months in Current Year. 
 
Compute Average Revenue per Transit using annual data at RCT level for current year and next two years.   For 
current year, do it for the forecast months only.  Multiply the monthly Transit_RCT to the Average Revenue per 
Transit for the corresponding year to obtain monthly Revenue_RCT.  Use actual transit data for the available 
months in Current Year. 
 
Using Seasonal Data to Project Monthly Tons, Revenues and Transits 
 
The calculation of seasonal patterns for the Canal must be at the RCT level.  At the aggregate level the changing 
mix of commodities using the Canal will vary the seasonal patterns for the Canal as a whole.  By rolling up the 
commodity data by route and then from routes to ship types the short-term requirements for human resources and 
the expected monthly revenues collected can be estimated.  Monthly data gives the Canal’s CFO a better measure of 
expected revenues allowing adjustments to be made in the current year-end estimates of Canal traffic and revenues.   
While total transits by ship type can be useful, the make these estimates even more relevant to Canal operations 
these need to be translated into transits by beam and revenues by beam.  The former allows a more careful 
projection of future labor requirements (tugs, pilots, line handlers) and the latter allows the CFO to measure Canal 
profitability (revenues less cost of transit).   
 
  
Transits by Beam – Monthly and Annual  
 
Canal operational requirements benefit from a projection of likely patterns of ship transits by beam.     
Requirements for tugs, pilots, and line handlers depend upon the distribution of ship transits by beam.  Ships with 
larger beams require additional resources from the Canal.  Beam width varies by ship type and size categories 
although size as measured by DWT is not alone a proper measurement for beam.  Ships come in all sizes and 
shapes.  They can be wide but short, long but narrow, as well as all dimensions in between.  Increasingly large-scale 
organizations need to manage information by elements of cost.  Not all activities of a corporation can operate as 
profit centers and not all “sales” generate equal revenues or similar profit level.   Operational characteristics of 
vessels contribute to the costs incurred by the Canal.  Larger and smaller vessels may cost more, relative to tolls 
collected, than middle-sized vessels.   
 
In developing our initial break of ships by size classes we allocated all smaller vessels (less than 10,000 DWT) to 
the S01 size class.  Within this group was included many small vessels less than 300 tons in size. The cost of transit 
for these vessels is disproportionately higher than for larger vessels since they take the same amount of water and 
often more, not less line handlers. Charges by the canal for services rendered may not fully take account of these 
resource requirements.  To take account of these smaller ships we have included a fifth category of ship transit for 
vessels less than 300 tons in size.   
 
We can only approximate the pattern of ship transits by beam.  To do this the Canal database has been mined to 
develop factors for ship transits by beam dimensions by ship types.  Since ship distributions by beam may vary over 
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time we have to develop factors to distribute ship transits into beam categories.  Four categories are typically used 
by the PCA: 
 

• B0: Vessels < 300 tons 
• B1 : >300 tons  &  < 80 feet 
• B2 : >300 tons & >80.1 < 89.9 
• B3:  >300 tons & >89.9 < 99.9 
• B4: >300 tons &  >99.9.  

 
 The steps in developing a baseline calculation for transits by beam are as follows for annual data: 
 

1. Calculate for each ship type T and each size class S the distribution of ship transits by the four beam 
categories in 1999 for all laden transits and for all ballast transits. 

2. Calculate total transits by ship type T and ship size class S for laden and ballast. 
3. Multiply distribution of ship transits by beam width times total ship transits at the TS level. 
4. For ships of size greater than the maximum allowed through the current Canal we assume 100% in B4 

(>100 feet).  
 
 Monthly transits are projected by ship type (but not size class).  To develop beam distributions we use the average 
for all size classes: 
 

1. Calculate for each ship type T the distribution of ship transits by the four beam categories for 1999 
for all laden transits and all ballast transits. 

2. Calculate total by ship type T from monthly data at the RCT level (aggregate by route and 
commodity).  

3. Multiply distribution by beam category times transits at the ship type T level. 
4. Calculate ship transits by beam category (absolute number of transits) monthly by ship type.  

Append results of multiplication of ship transits to distribution to monthly table of transits by beam 
category. 

 
 
Revenues by Beam Category Monthly 
 
We only project revenues at the monthly level.  At the annual level there is far too much unknown about revenues 
for the larger size classes.  Nor would revenues by beam provide a useful data set for detailed analysis of the 3rd set 
of locks.  At the monthly level, however, revenues by month by beam can help Canal financial planners understand 
the true profitability on a monthly basis by allowing the full allocation of call monthly costs to revenues.   Smaller 
vessels often do not pay the full cost of transit.  Understanding the degree to which this skews revenues and costs 
may be of some importance in insuring two things: 
  

1. Fairly priced transits – where ships of varying sizes pay tolls consistent with at minimum the variable costs 
associated with the transit; and  

2. Projecting future revenues on a monthly basis while allocating variable and fixed costs appropriately.   
 
The latter can only be approximated, but this approximation is far better since the labor costs associated with each 
transit will vary considerably depending upon the beam of the vessel.   
 
Revenues monthly are projected by beam size class and ship type (T).  Distribution of revenues is based on beam 
categories (B0…B4).  Like transits we develop distributions based on the last full year of data (1999). 
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1. Calculate for each ship type T the distribution of ship transits by the four beam categories for 1999 for all 
laden revenues and all ballast revenues. 

2. Calculate total revenue by ship type T from monthly data. 
3. Multiply distribution by beam category time’s revenues at the ship type T level. 
4. Calculate revenues by beam category (absolute number of transits) monthly by ship type.  Append results of 

multiplication of ship transits to distribution to monthly table of transits by beam category. 
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Appendix: World Fleet Model 
 
Objective 
 
The purpose of this model is to develop a forecast of the total numbers of ships in the world fleet by type and size 
class for the period from the present to the year 2050.  It is based on historical world fleet data from 1989 to 1999 
from the Institute of Shipping Logistics (ISL), Army Corps of Engineers average speeds and operating costs, 
average distances per transit estimated from NIMA’s Publication 151 (Distances Between Ports), and MergeGlobal 
model for world maritime trade, SeaFlow.  Additionally, calculations of ship costs require data on average ship 
utilization, average tolls, and average time to transit the Canal. These were obtained by aggregating the historical 
data from the PCA.   
 
The primary objective of modeling world fleet growth by type and size class is to allow for progressively larger ship 
sizes over a long time horizon.  No commercially available databases could be found by the PCA to extend forecasts 
of fleet data beyond the very short-term horizon as described by the fleet order book.  The resulting model is not 
ideal, but it does provide a basis for developing a more refined analysis of the changing structure of the worldwide 
maritime fleet.  
 
Data on Ships by Size and Type 
 
The ISL data included the years 1989 through 1999.  The Army Corps of Engineer data was available for the years 
1979, 1983, 1986, and 1987 through 1992, 1995, 1998, and 1999.  It was decided to use Corps data from 1987 to 
1999 and to fill in the missing years by means of scaling.  The PCA records from the Canal that were used extend 
from 1987 to the beginning of 2000. 
 
 
Ship Type 
The seven ship-types used in this model are aggregations of the ship-types given in the ISL World Fleet data: Oil 
Tankers, Chemical Tankers, Liquid Gas Tankers, Bulk Vessels (Including all OBO Carriers), Liners (also 
designated Containerships), and General Cargo ships split into two categories: multi-deck ships (including RORO) 
and single-deck ships (including all other General Cargo ships).  The Army Corps of Engineers (COE) data use only 
four ship-types: Tanker, Bulk Vessels, Containership (Liner), and General Cargo.  It was decided to use the Tanker 
figures for all three types of tanker, and the General Cargo figures for both types of General Cargo ships.  In 
addition, only the values for foreign ships were used, since the costs for United States ships are much higher, and 
US ships represent such a small part of the world fleet. 

Ship Type  Designation 
  

Oil Tanker TO 
Chemical Tanker TC 
Liquid Gas Tanker TL 
Bulk BK 
Liner LI 
General Cargo (Multi-deck) GA 
General Cargo (Single-deck) GO 
 

 
Table 17: Ship-types in Fleet Model 
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Ship Size 
 
The ships in the world fleet are divided into nineteen size classes measured in DWT. These are based on 
aggregations of the size groupings in the ISL World Fleet data.  In creating the size classes it was necessary to 
bridge the difference between the COE data and the data from ISL.  COE figures are for average ships rather than 
for ranges of sizes, and their ship sizes do not match the size categories that ISL uses.  Where COE ship sizes fit 
inside the size ranges we had designated, we used the COE values for that size class.  In some cases it was 
necessary to average the COE values to fill in average ship speeds and operating costs.  Because the COE data do 
not cover the full range of size classes for each ship type, it was necessary to extend values proportionally above 
and below the given sizes of ships. 

 

 
MergeGlobal Size Class 

  COE Ship Sizes 
by Ship Type 

  COE Ship Sizes 
by Ship Type 

  COE Ship Sizes 
by Ship Type 

 COE 
Ship 

Sizes by 
Ship 
Type 

  DWT Range   TK BK LI  GC 

S01  <10,000   estimated estimated 9000  11000 

S02  10,000<<15,000   estimated estimated 14000  14000 

S03  15,000<<20,000   20,000  avg of 15000 20000 17000  16000 

S04  20,000<<25,000  avg of 20,000 25000 avg of 20000 25000 23000  24000 

S05  25,000<<30,000  avg of 25000 30000 avg of 25000 30000 avg of 23000 31000 24000 

S06  30,000<<40,000   35000  35000  avg of 31000 39000 30000 

S07  40,000<<50,000   45000*  45000  avg of 42000 48000 estimated

S08  50,000<<60,000  ave of 50000 60000 55000  55000  estimated

S09  60,000<<70,000  avg of 60000 70000 avg of 60000 70000 66000  estimated

S10  70,000<<80,000  avg of 70000 80000 avg of 70000 80000 avg of 66000 82000 estimated

S11  80,000<<90,000  avg of 80000 90000 avg of 80000 90000 82000  estimated

S12  90,000<<100,000   90000  avg of 90000 100000 estimated  estimated

S13  100,000<<125,000   120000  120000  estimated  estimated

S14  125,000<<150,000  avg of 120000 150000 avg of 120000 150000 estimated  estimated

S15  150,000<<175,000  ave of 150000 175000 avg of 150000 175000 estimated  estimated

S16  175,000<<200,000  avg of 175000 200000 avg of 175000 200000 estimated  estimated

S17  200,000<<250,000  avg of 200000 265000 200000 estimated  estimated

S18  250,000<<300,000   265000  estimated estimated  estimated

S19  300,000<   325000  estimated estimated  estimated

 
 
 

Ship Costs 
 
The first step in preparing the Ship model is to bring in the ship cost data and to match it to the model’s ship-types 
and size classes.  A series of programs read the ship costs and route distances from Excel files, and the ship speeds 
from a table in E-Views.  In order to fill in the missing years (1993, 1994, 1996, 1997, as well as the years back to 
1980 and ahead to 2050), the ship costs are split into fuel costs and non-fuel costs.  The fuel costs were extended 
following the trend of crude oil prices, and the non-fuel costs according to the general economic condition as 
indicated by the price deflator.  For a detailed table showing ship costs over time see Table 20.  

Table 17: Comparison between COE and PCA/MGI Ship Size Classes
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Calculating Averages 
 
At the start, the average DWT for each ship type and size class over the historical period (1989  - 1999) was 
calculated in order to see the historical trend.  Where there were no ships, the average of the maximum and 
minimum DWTs for that size class is filled in instead.  Additionally, the average DWT for the whole ship type is 
calculated by dividing the total DWT for all size classes by the total number of ships of that ship type.  The average 
daily operating costs per ton by ship type and size class were also calculated as follows.  The total daily ship 
operating cost (from the COE) is divided by the average DWT carried by that ship type and size class: the product 
of the average DWT for that ship type and size class multiplied by its average ship utilization (derived from PCA 
history). 
 
Time En Route 
 
The average days per route were needed to calculate ship requirements for the world fleet.  The average days per 
route by ship type and size class were derived from the ship speeds (COE) and the average distances for each route 
(from the NIMA document).  The routes were the 169 routes between the 11 PCA regions. An average distance is 
found between each pair of regions and, where the route through the Canal is more advantageous or comparable to 
another route, the distance through the Canal was used.  The average number of days per route was found by 
dividing the average distance for that route by 24 times the speed of that ship type and size class in nautical miles 
per hour. 
 
Forecasting Ship Requirements 
 
The ship requirements by ship type and size class were forecast using several factors.  The total number of tons 
transported for each of the 29 commodities by route is derived from the SeaFlow databases.  The commodities were 
assigned to ship-types according to our knowledge of the commodities carried by each type of ship. 
 
 
 

 
Ship Type Commodity Classification 

 
TO P21 
TC P20, P25 
TL P22, P24 
BK P03 - P07, P09 - P19, P23, and P26 
GA P27 
GO P01, P02, P08, and P29 
LI P28 

 
The average DWT for each ship type and size class comes from ISL World Fleet data. For the years before and after 
the historical period the last (or first) available value is used.  The average number of days for each trade route is 

 
 
 
Table 18: Relationship Between Ship-type and Commodity Groups   
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calculated.   Average tons carried by a ship is equal to average DWT times the ship utilization rate, which is 
assumed to be 0.65 for Liner and 0.8 for all other ship-types. 
 
The Ship Requirement, by type and size, is set equal to the tons carried by route divided by the average tons carried 
on each trip, and by the average number of voyages a ship can make in a year.  The average number of voyages for 
a ship is taken to be 365 days divided by the average days per trip on a given route.  For BK, TK, and GA, the 
return trip is assumed to be empty.  An average of 5 days of idle time in between voyages was assumed. 
  
This gives an equation for ship requirements as follows: 

 
 
 

SHIPREQ =Sum by Route( TONS/{(AVERAGEDWT * UTILIZATION) * ((DAYSPER ROUTE + 5) * 1 or 
2)/365}) 
 
The Model 
 
An econometric model is developed linking number of vessels by size class with ship requirements.  To do this, a 
series of instrumental variables is developed that can split ships by size class and type.  This clustering of ships is 
important since there is often quite a lot of noise in the core ISL data.  Ships do not move smoothly but in lumpy 
increments.   
 
Instrumental Variables 
 
Instrumental variables of two types were used.  The first distinguished between different ship-types, and was used 
in the model for average DWT.  The second distinguished between size groupings: small, medium, large, and in the 
case of oil tankers and bulk, and jumbo.  The groupings for each of the ship-types into one of these instrumental 
variables are different.  For example there are no “jumbo vessels” in the general cargo category.

Equation: Ship Requirements by Ship-type Across All  Routes
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 TO BK  GO LI  TL TC GA 
S01 SML SML SML SML SML SML SML 
S02 SML SML SML SML SML MED SML 
S03 SML SML SML SML SML MED SML 
S04 SML SML MED MED MED MED MED 
S05 SML SML MED MED MED LRG MED 
S06 SML SML MED MED MED LRG MED 
S07 SML SML MED MED MED LRG LRG 
S08 MED MED LRG LRG LRG LRG  
S09 MED MED LRG LRG LRG LRG  
S10 MED MED LRG LRG LRG LRG  
S11 LRG LRG LRG LRG LRG  
S12 LRG LRG LRG LRG  
S13 LRG LRG LRG LRG  
S14 LRG LRG  
S15 LRG LRG  
S16 LRG LRG  
S17 JMB JMB  
S18 JMB JMB  
S19 JMB JMB  
 
Equation for Average DWT by Ship-type   
 
The average DWT is modeled using a least-squares method with the international trade (ITWD?) and a time trend.  
International trade is modified by a series of instrumental variables allowing the separation of impact of trade on 
DWT.   

 
 
 

),],[*
],[*],[*],[*],[*],[*(

TimeLIInstITWD
GAInstITWDBKInstITWDTLInstITWDTCInstITWDTOInstITWDfAvDWT =

 

where:  
ITWD -- International trade for world, 

           Inst[T0, TC, etc.] --  Instrumental variables separating effects by type of ship, 
           Time -- A simple time trend. 
   
The results indicate that as world trade increases, the overall average size in DWT for crude oil and chemical 
tankers, bulk vessels, and multi-deck (often automotive) general cargo ships decreases.  This is consistent with the 

Table 19: Instrumental Variable Mapping by Type and Size

Equation for Average DWT by Ship-type 
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decentralization of refineries and automobile and steel manufacturing.  Liquid gas carriers, other general cargo ships 
(such as reefers), and liners have an increase in overall average DWT with the increase in world trade.  An increase 
in the demand from more affluent countries for refrigerated goods, and the recent development of the container 
trade, support this conclusion. 
 
DWT by Ship-type and Ship-size 
 
The total DWT by ship type and size class is modeled using a least squares method with the total daily ship costs 
(STOT?), numbers of ships of that ship type and size class, and a time trend.  In this form there are no instrumental 
variables since the pool is across size classes.  A separate model for each type of vessel is developed.  

  
 
 

DWT[Ship-type, Size Class] = f(Ship Costs, Number of Ships[Type & Size], Time trend). 
 
  
Seven individual equations (one for each of the ISL ship-types) are developed. Each individual ship type used a 
different size range.  For example, only tankers and bulk vessels are found historically in all nineteen size classes, 
the pool variables were limited to reflect the present and historical world fleet and have the ranges shown in the 
table above under instrumental variables.  For example, the pool variable for multi-deck general cargo ships ranges 
only from S01 up to S07.  ISL data included no ships outside that range for this ship type. 
 
The model indicates that the total DWT for all ship-types consistently increases with the increase in numbers of 
ships.  For most, the coefficient is close to 1.0, but the growth of DWT is particularly strong for Liners (coefficient 
1.44) and Single-deck and other General Cargo ships (coefficient 1.49). That the DWT increases faster than the 
numbers of ships indicates that the ships are getting larger on the whole, and so particularly for these two ship-
types.  These large coefficients identified the ship-types, which were most difficult to model, because of the 
historical rapid growth in larger liners and General Cargo ships.  Ship costs have a much smaller effect on the total 
DWT of the various ship-types, with the various coefficients ranging from –0.110 for Single-deck General Cargo 
Ships, to +0.143 for Liners.  Here a negative coefficient would slightly balance the growth of DWT as the numbers 
of ships increase.  The positive coefficient may belong to types of ships that provide a more effective way to 
transport goods as prices increase. 
 
Ships by Size Class 
 
The total number of ships by ship type and size class was modeled using a separate model for each ship type.  A 
least squares method was used. For independent variables the model uses ship requirements (calculated as above), 
the ratio of average DWT of the size class to that of the ship type as a whole, and the ratio of the average daily 
operating costs per ton for the size class to that of the ship type as a whole.  The ship requirements and the cost 
ratios are multiplied by instrumental variables for size groupings.   

 
 
Number of Vessels[Type, Size Class] = f(ShipRequirements[Type]*InstSML, 

ShipRequirement[Type]*InstMed, ShipRequirement[Type]*InstLrg, ShipRequirement[Type]*InstJMB, DWT[Size,,Type]/AvDWT[Type], 
(AvOpCosts[Type,Size]/AvOpCosts[Type])*InstSml[Type], (AvOpCosts[Type,Size]/AvOpCosts[Type])*InstMed[Type], 
(AvOpCosts[Type,Size]/AvOpCosts[Type])*InstLrg[Type], (AvOpCosts[Type,Size]/AvOpCosts[Type])*InstJmb[Type]), 
 
  where AvOpCosts – average operating costs per day from US Army Corp of Engineers. 
              
Because the number of liners has grown so dramatically over the historical period from 1989 to 1999, especially in 
the bigger size classes, it was not easy to obtain a reasonable model for liners.  As a result, the decision was made to 

Equation for Total DWT by Size Class by Ship

Equation for Number of Vessels by Type and Size
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constrain the growth of liners by aligning it with the growth of ship requirements, thus tying it more directly to 
world trade and ship costs.  The following equations were used to scale the values for liners: 
 
Ships Liner [Size]= Ship Liner(t-1)* % Growth Ship Requirements Liner  
  
 
In addition, because there was a noticeable break in the data for all Multi-deck General cargo ships at 1994, and it 
was decided to model this ship type using only the data from 1994 onward. 
 
Analysis 
 
Numbers of bulk vessels grow as the number of ships required grows. The strongest effect is found in the medium 
and large vessels of this type (coefficients 0.91 and 0.86, respectively).  The numbers of small and jumbo ore 
carriers (Cape carriers) also increase but at a slower pace with coefficients (0.31 and 0.41, respectively).  This 
suggests a movement from the smallest and largest bulk carriers toward the midsize bulk vessels.  The coefficient 
for the ratio of average DWT for ship type by size class to the average DWT for the whole ship type is quite 
negative (-1.87), indicating that as the average DWT for this ship type in a given size class increases, the number of 
ships will decrease.  The effect of an increase in the ratio of average ship operating costs by size class to the average 
for the entire ship type is positive for small and jumbo bulk vessels (coefficients 1.21 and 0.41) and negative for 
medium and large bulk vessels (coefficients –0.24 and –0.75). This suggests that as the costs of a particular size 
group outgrow the overall growth in operating costs, jumbo bulk carriers and small bulk vessels continue to prove 
the more cost effective for transporting bulk goods. 

 
As ship requirements increased, numbers of Multi-deck General Cargo ships were predicted to decrease in the small 
sizes (coefficient –0.21) and increase most strongly in the middle size classes (coefficient 0.34).  Larger ships 
showed a smaller tendency to increase with ship requirements (coefficient 0.04).  This suggests a movement away 
from the smallest ships to the midsize ships as ship requirements increase.  As with the bulk vessels, these ships 
showed a strong tendency to decrease in numbers as the average DWT of the given ship type increased (coefficient 
–0.88 for the ratio of average DWT per size class to average DWT for the ship type).  The coefficients for the ratio 
of average daily operating costs by size class to the average daily operating costs of the whole ship type (-2.32 for 
small, - 0.25 for medium, and 0.31 for large), show that with an increase in the average daily operating costs for the 
size group, the numbers of the small and medium ships decrease, but larger ships, which are more cost effective, 
still increase in number. 

 
Numbers of medium and large Single-deck (and other) General Cargo ships were most strongly affected by an 
increase in ship requirements.  The coefficients (-1.83 for large size ships and -1.99 for medium size ships) indicate 
a tendency to move away from larger cargo ships to the medium sizes.  Small size cargo ships of this type tend to 
decrease in numbers slightly as ship requirements increase (coefficient –0.02).  The coefficient for the ratio of 
average DWT by size class to the overall average DWT of the ship type (-3.69) indicates that as the average DWT 
for the given size class increases, the number of ships required decreases.  The rate of this decrease is quite 
dramatic.  As with the Multi-deck General Cargo ships, the increase in average daily operating costs for the size 
class relative to that for the entire ship type generates a corresponding increase in numbers of larger ships 
(coefficient 1.29) with their better ship economics and a corresponding decrease in medium sized ships (coefficient 
–0.20) in smaller ships (coefficient –0.47). 

 
The increase in numbers of ships required increases the number of Chemical Tankers in all three-size groupings, but 
most strongly in the medium sized ships.  The coefficient for medium sized chemical tankers is 1.28, compared with 
0.73 for the smaller ones and 0.58 for the larger ones.  The increase in average DWT for a specific size class was 
reflected in a decrease in the numbers of ships, but not as strongly as for the Single-deck General cargo ships 
(coefficient for the ratio of average DWT for the size class to overall average DWT is –1.65).  As daily operating 
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costs per ton for smaller ships increases relative to the overall average for the ship type, numbers of smaller and 
medium sized ships decrease (coefficients –3.84 and –1.64), and the numbers of larger ships increases, reflecting 
their lower operating costs relative to the other size groups. 
 
Liquid Gas Tankers show a balanced growth in numbers as ship requirements increase (coefficients 0.24 for 
smaller, 0.29 for medium, and 0.26 for larger Liquid Gas Tankers).  Increases in the average daily operating costs, 
relative to the whole, decrease the numbers of smaller ships (coefficient –0.83) and more strongly the medium sized 
ships (coefficient –2.62), while favoring the numbers of the larger tankers (coefficient 0.34). 

 
Finally, the Oil Tankers show a consistent tendency to increase the numbers for large and jumbo size ships as the 
ship requirement increase, and to decrease numbers of medium and small ships (coefficients –0.06 for small, -0.22 
for medium, 0.27 for large and 0.29 for jumbo).  That the numbers of smaller tankers is less affected seems to 
reflect the ongoing need for tankers that ply short routes.  For longer routes the greater cost effectiveness of the 
larger ships seems to move the mix away from the medium sized tankers.  Interestingly, as the average DWT in the 
size class rises relative to the overall DWT of the ship type, the numbers of ships increases only slightly (coefficient 
0.04). 
 
As further support for this argument, we can look closely at how ship growth cost economics impacts.  Increases in 
the average operating costs for the whole ship type favor the growth of numbers of smaller and large Oil Tankers, 
while decreasing the numbers of jumbo and medium sized vessels.  At the same time, as the daily operating costs 
for the individual size class rise relative to the overall average ship operating costs, it is the medium and jumbo 
ships that are favored (coefficients for the ratio of average operating costs for the size class to the average operating 
costs for the whole ship type are –1.11 for small, 0.52 for medium, -1.09 for large and 0.26 for jumbo sized 
tankers).  For the small and large these coefficients are significant. 
 
Adjustments to the Model Solution 
 
Because the rapid historical growth of Single-deck and other General Cargo ships, the model predicted an annual 
growth rate of 18% between 2000 and 2010 for medium sized vessels of this type.  In extending the numbers of 
ships the growth rate was constrained to 1.5 times the predicted ship requirements.  This brought the growth rate for 
these vessels down to 9% during this period, and gave a more reasonable prediction of the fleet size. 
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Based on ISL data and SeaFlow Maritime Trade Data 
 
 

Tanker: Crude Oil                       Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 3053 3713 4019 3846 3743 3669 3596 3514 3428 3329 3221 3103 2975 2.8% -0.6% -0.5%
S02 135 145 187 179 174 171 167 163 159 155 150 144 138 3.3% -0.6% -0.5%
S03 236 212 223 213 207 203 199 195 190 184 178 172 165 -0.6% -0.6% -0.5%
S04 164 127 92 88 86 84 83 81 79 77 74 71 68 -5.6% -0.6% -0.5%
S05 235 232 233 223 217 213 209 204 199 193 187 180 173 -0.1% -0.6% -0.5%
S06 441 411 412 394 384 376 369 360 351 341 330 318 305 -0.7% -0.6% -0.5%
S07 133 194 284 272 264 259 254 248 242 235 228 219 210 7.9% -0.6% -0.5%
S08 107 101 92 89 87 86 85 84 83 81 80 77 75 -1.5% -0.4% -0.3%
S09 147 170 172 165 162 160 159 156 154 151 148 144 140 1.6% -0.4% -0.3%
S10 71 43 36 34 34 33 33 33 32 31 31 30 29 -6.6% -0.4% -0.3%
S11 221 211 224 232 236 238 240 243 246 250 254 260 267 0.1% 0.4% 0.3%
S12 92 165 190 198 201 203 204 207 209 213 217 222 227 7.5% 0.4% 0.3%
S13 102 98 142 147 150 151 152 154 156 159 162 165 170 3.4% 0.4% 0.3%
S14 142 181 188 196 199 201 202 204 207 210 214 219 225 2.9% 0.4% 0.3%
S15 55 47 60 63 64 64 65 66 66 67 69 70 72 0.9% 0.4% 0.3%
S16 16 11 8 8 9 9 9 9 9 9 9 9 10 -6.6% 0.4% 0.3%
S17 116 77 51 55 57 59 61 63 65 68 71 76 81 -7.9% 0.9% 0.7%
S18 207 263 272 294 307 316 325 335 348 364 382 405 433 2.8% 0.9% 0.7%
S19 80 95 119 128 134 138 142 146 152 159 167 177 189 4.0% 0.9% 0.7%
Liquid Gas Carriers              Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 554 630 718 785 866 932 992 1046 1091 1140 1199 1278 1383 2.6% 1.6% 0.8%
S02 33 39 35 38 42 45 48 50 53 55 58 62 67 0.5% 1.6% 0.8%
S03 20 25 33 36 39 42 45 47 49 52 54 58 63 5.0% 1.6% 0.8%
S04 15.938 20 24 25 27 28 29 30 31 31 32 33 35 4.0% 1.1% 0.4%
S05 14.063 18 22 24 26 27 28 29 29 30 31 32 34 4.8% 1.1% 0.4%
S06 14 16 19 21 22 23 24 25 25 26 27 28 29 3.3% 1.1% 0.5%
S07 36 54 66 71 76 80 83 86 87 89 91 94 100 6.3% 1.1% 0.5%
S08 35 50 47 52 59 64 70 75 80 85 91 99 110 2.9% 2.0% 1.1%
S09 30 40 42 46 52 57 62 67 71 76 81 89 98 3.3% 2.0% 1.1%
S10 14 21 40 44 50 55 59 64 68 72 77 84 93 11.0% 2.0% 1.1%

Table 20: MGI World Fleet Forecast by Ship Type and Size Class
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S11 4 5 4 5 5 6 6 7 7 7 8 9 10 0.2% 2.0% 1.1%
S12 1 0 0 0 0 0 0 0 0 0 0 0 0    
S13 0 0 0 0 0 0 0 0 0 0 0 0 0    
S14 0 0 0 0 0 0 0 0 0 0 0 0 0    
S15 0 0 0 0 0 0 0 0 0 0 0 0 0    
S16 0 0 0 0 0 0 0 0 0 0 0 0 0    
S17 0 0 0 0 0 0 0 0 0 0 0 0 0    
S18 0 0 0 0 0 0 0 0 0 0 0 0 0    
S19 0 0 0 0 0 0 0 0 0 0 0 0 0    
Chemical Carriers              Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 763 1075 1022 765 605 561 538 534 537 532 512 469 415 3.0% -3.2% -0.9%
S02 24 41 54 60 69 78 89 101 114 130 148 171 199 8.4% 2.5% 1.9%
S03 15 23 39 43 49 56 64 72 82 93 106 122 142 9.9% 2.5% 1.9%
S04 28.121 30 27 31 35 40 45 51 58 66 75 87 101 -0.2% 2.5% 1.9%
S05 35.879 41 40 53 69 84 100 118 137 162 194 242 309 1.1% 4.7% 2.7%
S06 53 59 67 89 116 141 169 198 231 272 327 407 521 2.4% 4.7% 2.7%
S07 3 9 9 12 16 20 24 28 33 38 46 57 73 12.2% 4.7% 2.7%
S08 0 0 0 0 0 0 0 0 0 0 0 0 0    
S09 0 0 0 0 0 0 0 0 0 0 0 0 0    
S10 0 0 1 1 2 2 3 3 4 4 5 6 8  4.7% 2.7%
S11 0 0 0 0 0 0 0 0 0 0 0 0 0    
S12 0 0 0 0 0 0 0 0 0 0 0 0 0    
S13 0 0 0 0 0 0 0 0 0 0 0 0 0    
S14 0 0 0 0 0 0 0 0 0 0 0 0 0    
S15 0 0 0 0 0 0 0 0 0 0 0 0 0    
S16 0 0 0 0 0 0 0 0 0 0 0 0 0    
S17 0 0 0 0 0 0 0 0 0 0 0 0 0    
S18 0 0 0 0 0 0 0 0 0 0 0 0 0    
S19 0 0 0 0 0 0 0 0 0 0 0 0 0    
Bulk Carriers              Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 144 747 923 915 909 907 907 908 911 913 912 906 898 20.4% -0.1% 0.0%
S02 190 206 206 204 203 202 202 202 203 204 203 202 200 0.8% -0.1% 0.0%
S03 471 425 391 387 385 384 384 384 386 386 386 383 380 -1.9% -0.1% 0.0%
S04 514.5 464 478 474 470 469 469 470 471 472 472 469 465 -0.7% -0.1% 0.0%
S05 854.5 790 792 785 780 778 778 779 781 783 782 777 770 -0.8% -0.1% 0.0%
S06 950 895 827 820 814 813 812 813 816 818 817 811 804 -1.4% -0.1% 0.0%
S07 427 535 766 760 754 753 752 753 756 757 756 752 745 6.0% -0.1% 0.0%
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S08 203 194 146 156 168 178 188 198 208 218 231 248 270 -3.3% 1.3% 0.9%
S09 450 523 527 565 609 645 681 718 752 790 836 897 979 1.6% 1.3% 0.9%
S10 170 218 389 418 450 477 504 531 555 584 618 663 723 8.6% 1.3% 0.9%
S11 44 46 38 41 44 46 49 51 54 56 59 63 69 -1.4% 1.2% 0.8%
S12 18 24 30 32 35 37 39 41 42 44 47 50 54 5.3% 1.2% 0.8%
S13 160 111 73 78 83 88 93 97 102 107 112 120 130 -7.6% 1.2% 0.8%
S14 143 195 175 187 200 211 223 234 244 256 270 288 313 2.0% 1.2% 0.8%
S15 89 108 204 218 233 247 260 273 285 299 315 337 365 8.6% 1.2% 0.8%
S16 36 41 47 51 54 57 60 63 66 70 73 78 85 2.8% 1.2% 0.8%
S17 33 39 36 36 36 36 37 37 37 38 38 38 38 0.9% 0.1% 0.1%
S18 13 14 9 9 9 9 9 9 9 9 9 10 10 -3.6% 0.1% 0.1%
S19 5 6 8 8 8 8 8 8 8 8 8 8 8 4.8% 0.1% 0.1%
General Cargo: Multideck              Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 5829 3983 3652 3272 2973 2804 2679 2565 2449 2347 2243 2126 2013 -4.6% -1.5% -0.7%
S02 1438 878 543 486 442 417 398 381 364 349 334 316 299 -9.3% -1.5% -0.7%
S03 1003 869 697 625 567 535 511 490 468 449 429 406 385 -3.6% -1.5% -0.6%
S04 252.3 229 229 237 246 252 257 262 267 273 279 286 294 -1.0% 0.6% 0.3%
S05 32.705 15 12 13 13 13 14 14 14 14 15 15 16 -9.5% 0.6% 0.3%
S06 16 1 1 1 1 1 1 1 1 1 1 1 1 -24.2% 0.6% 0.3%
S07 24 2 2 2 2 2 2 2 2 2 2 2 2 -22.0% -0.3% -0.2%
S08 0 0 0 0 0 0 0 0 0 0 0 0 0    
S09 0 0 0 0 0 0 0 0 0 0 0 0 0    
S10 0 0 0 0 0 0 0 0 0 0 0 0 0    
S11 0 0 0 0 0 0 0 0 0 0 0 0 0    
S12 0 0 0 0 0 0 0 0 0 0 0 0 0    
S13 0 0 0 0 0 0 0 0 0 0 0 0 0    
S14 0 0 0 0 0 0 0 0 0 0 0 0 0    
S15 0 0 0 0 0 0 0 0 0 0 0 0 0    
S16 0 0 0 0 0 0 0 0 0 0 0 0 0    
S17 0 0 0 0 0 0 0 0 0 0 0 0 0    
S18 0 0 0 0 0 0 0 0 0 0 0 0 0    
S19 0 0 0 0 0 0 0 0 0 0 0 0 0    
General Cargo: Other              Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 7502 9887 11079 14507 18703 23070 27748 32675 37772 43423 49456 56010 63522 4.0% 4.7% 1.7%
S02 328 651 707 926 1194 1473 1772 2086 2412 2772 3158 3576 4056 8.0% 4.7% 1.7%
S03 225 252 268 351 452 558 671 791 914 1051 1197 1355 1537 1.8% 4.7% 1.7%
S04 76.615 165 189 293 446 602 770 932 1101 1321 1617 2037 2637 9.5% 7.3% 3.0%
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S05 19.385 74 105 163 248 336 429 520 614 736 901 1136 1470 18.5% 7.3% 3.0%
S06 17 91 108 167 254 343 438 530 627 752 920 1159 1501 20.3% 7.3% 3.0%
S07 63 70 131 204 310 419 535 648 766 919 1124 1417 1834 7.6% 7.3% 3.0%
S08 7 7 21 16 13 11 10 9 9 8 8 8 8 11.7% -3.7% -0.1%
S09 2 0 1 1 1 1 0 0 0 0 0 0 0    
S10 0 0 0 0 0 0 0 0 0 0 0 0 0    
S11 0 0 0 0 0 0 0 0 0 0 0 0 0    
S12 0 1 1 1 1 1 0 0 0 0 0 0 0    
S13 1 1 0 0 0 0 0 0 0 0 0 0 0    
S14 0 0 0 0 0 0 0 0 0 0 0 0 0    
S15 0 0 0 0 0 0 0 0 0 0 0 0 0    
S16 0 0 0 0 0 0 0 0 0 0 0 0 0    
S17 0 0 0 0 0 0 0 0 0 0 0 0 0    
S18 0 0 0 0 0 0 0 0 0 0 0 0 0    
S19 0 0 0 0 0 0 0 0 0 0 0 0 0    
Liners              Growth Rates 
  1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 20501990-2000 2000-2020 2020-50 
S01 384 379 580 819 1142 1520 1879 2131 2213 2101 1822 1440 1036 4.2% 6.1% -2.5%
S02 113 175 297 415 573 757 931 1051 1091 1038 904 720 523 10.1% 5.9% -2.4%
S03 122 145 241 347 492 665 831 948 986 934 803 626 441 7.0% 6.4% -2.6%
S04 129.28 227 362 505 697 919 1127 1273 1321 1257 1096 874 636 10.9% 5.8% -2.4%
S05 113.72 133 133 168 212 254 297 338 373 381 404 450 530 1.6% 4.1% 1.2%
S06 169 203 316 494 756 1094 1521 2020 2588 3227 3933 4750 5720 6.5% 8.2% 2.7%
S07 124 212 296 350 416 482 552 622 696 782 886 1025 1219 9.1% 3.2% 1.9%
S08 47 81 111 159 225 304 397 502 616 744 886 1056 1267 8.9% 6.6% 2.4%
S09 5 35 131 211 330 490 695 940 1222 1541 1892 2296 2769 38.6% 8.7% 2.8%
S10 0 0 0 0 0 0 0 0 0 0 0 0 0    
S11 0 0 15 30 60 120 241 454 518 585 665 773 921  15.0% 1.9%
S12 0 0 1 1 1 2 2 2 2 2 3 3 4  2.5% 1.9%
S13 0 0 6 13 26 51 103 194 222 251 285 331 395  15.0% 1.9%
S14 0 0 0 0 0 0 0 0 0 0 0 0 0    
S15 0 0 0 0 0 0 0 0 0 0 0 0 0    
S16 0 0 0 0 0 0 0 0 0 0 0 0 0    
S17 0 0 0 0 0 0 0 0 0 0 0 0 0    
S18 0 0 0 0 0 0 0 0 0 0 0 0 0    
S19 0 0 0 0 0 0 0 0 0 0 0 0 0    
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Aggregat
e Ship 
Type Size 1980 1990 20001980-90 1990-2000 Aggregate Ship Type Size 1980 1990 20001980-90 1990-2000

Tanker S01  $      8,598   $     12,274   $     14,299  3.6% 1.5%General Cargo S01  $   7,281   $   7,930   $   9,449  0.9% 1.8%

Tanker S02  $      8,598   $     12,274   $     14,299  3.6% 1.5%General Cargo S02  $   8,113   $   8,631   $ 10,888  0.6% 2.4%

Tanker S03  $      8,598   $     12,274   $     14,299  3.6% 1.5%General Cargo S03  $   8,610   $   9,071   $ 11,741  0.5% 2.6%

Tanker S04  $      8,805   $     12,632   $     14,608  3.7% 1.5%General Cargo S04  $ 10,719   $ 10,771   $ 14,717  0.0% 3.2%

Tanker S05  $      9,203   $     13,258   $     15,172  3.7% 1.4%General Cargo S05  $ 11,388   $ 11,364   $ 15,887  0.0% 3.4%

Tanker S06  $      9,775   $     14,064   $     15,937  3.7% 1.3%General Cargo S06  $ 12,058   $ 11,958   $ 17,058  -0.1% 3.6%

Tanker S07  $     10,119   $     15,014   $     17,030  4.0% 1.3%General Cargo S07  $ 12,505   $ 12,766   $ 18,229  0.2% 3.6%

Tanker S08  $     10,750   $     15,875   $     18,085  4.0% 1.3%General Cargo S08  $ 13,308   $ 13,498   $ 19,359  0.1% 3.7%

Tanker S09  $     11,351   $     16,615   $     19,105  3.9% 1.4%General Cargo S09  $ 14,062   $ 14,127   $ 20,449  0.0% 3.8%

Tanker S10  $     11,637   $     17,344   $     20,179  4.1% 1.5%General Cargo S10  $ 14,409   $ 14,746   $ 21,600  0.2% 3.9%

Tanker S11  $     12,036   $     18,026   $     21,177  4.1% 1.6%General Cargo S11  $ 14,915   $ 15,327   $ 22,669  0.3% 4.0%

Tanker S12  $     12,291   $     18,334   $     21,610  4.1% 1.7%General Cargo S12  $ 15,248   $ 15,589   $ 23,132  0.2% 4.0%

Tanker S13  $     13,203   $     20,000   $     24,220  4.2% 1.9%General Cargo S13  $ 16,356   $ 17,005   $ 25,923  0.4% 4.3%

Tanker S14  $     13,629   $     20,781   $     25,636  4.3% 2.1%General Cargo S14  $ 16,875   $ 17,669   $ 27,439  0.5% 4.5%

Tanker S15  $     14,310   $     22,122   $     28,239  4.5% 2.5%General Cargo S15  $ 17,702   $ 18,809   $ 30,224  0.6% 4.9%

Tanker S16  $     15,378   $     23,204   $     30,612  4.2% 2.8%General Cargo S16  $ 19,000   $ 19,729   $ 32,761  0.4% 5.2%

Tanker S17  $     17,291   $     25,503   $     34,706  4.0% 3.1%General Cargo S17  $ 21,326   $ 21,684   $ 37,138  0.2% 5.5%

Tanker S18  $     18,389   $     27,279   $     37,614  4.0% 3.3%General Cargo S18  $ 22,661   $ 23,194   $ 40,246  0.2% 5.7%

Tanker S19  $     20,561   $     29,547   $     41,059  3.7% 3.3%General Cargo S19  $ 25,301   $ 25,123   $ 43,929  -0.1% 5.7%

Bulk S01  $      7,012   $      7,396   $     10,401  0.5% 3.5%Liner S01  $   7,259   $ 11,219   $ 11,043  4.4% -0.2%

Bulk S02  $      7,012   $      7,396   $     10,401  0.5% 3.5%Liner S02  $   7,259   $ 11,219   $ 12,503  4.4% 1.1%

Bulk S03  $      7,172   $      7,893   $     10,695  1.0% 3.1%Liner S03  $   9,219   $ 12,816   $ 14,071  3.3% 0.9%

Bulk S04  $      7,411   $      8,638   $     11,136  1.5% 2.6%Liner S04  $ 10,918   $ 15,889   $ 16,989  3.8% 0.7%

Bulk S05  $      7,637   $      9,182   $     11,537  1.9% 2.3%Liner S05  $ 11,306   $ 17,332   $ 18,868  4.4% 0.9%

Bulk S06  $      8,073   $     10,070   $     12,301  2.2% 2.0%Liner S06  $ 12,416   $ 19,778   $ 22,828  4.8% 1.4%

Bulk S07  $      9,134   $     11,167   $     12,980  2.0% 1.5%Liner S07  $ 14,753   $ 23,138   $ 26,857  4.6% 1.5%

Bulk S08  $     10,060   $     12,184   $     13,705  1.9% 1.2%Liner S08  $ 15,972   $ 23,368   $ 29,346  3.9% 2.3%

Bulk S09  $     10,661   $     13,104   $     14,603  2.1% 1.1%Liner S09  $ 15,972   $ 27,287   $ 30,212  5.5% 1.0%

Bulk S10  $     11,071   $     14,008   $     15,626  2.4% 1.1%Liner S10  $ 15,972   $ 27,287   $ 35,621  5.5% 2.7%

Bulk S11  $     11,582   $     14,851   $     16,702  2.5% 1.2%Liner S11  $ 15,972   $ 27,287   $ 41,030  5.5% 4.2%

Table 21: Army Corp of Engineers Ship Costs by Type and Size  
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Bulk S12  $     12,196   $     15,634   $     17,830  2.5% 1.3%Liner S12  $ 16,296   $ 27,753   $ 41,871  5.5% 4.2%

Bulk S13  $     13,691   $     17,483   $     20,659  2.5% 1.7%Liner S13  $ 17,527   $ 30,275   $ 46,932  5.6% 4.5%

Bulk S14  $     14,155   $     18,548   $     21,193  2.7% 1.3%Liner S14  $ 18,103   $ 31,457   $ 49,675  5.7% 4.7%

Bulk S15  $     14,619   $     20,412   $     22,130  3.4% 0.8%Liner S15  $ 19,021   $ 33,487   $ 54,719  5.8% 5.0%

Bulk S16  $     14,619   $     21,971   $     22,935  4.2% 0.4%Liner S16  $ 20,463   $ 35,125   $ 59,323  5.6% 5.4%

Bulk S17  $     14,619   $     22,732   $     23,338  4.5% 0.3%Liner S17  $ 23,046   $ 38,605   $ 67,263  5.3% 5.7%

Bulk S18  $     15,547   $     24,315   $     25,291  4.6% 0.4%Liner S18  $ 24,528   $ 41,294   $ 72,902  5.3% 5.8%

Bulk S19  $     17,382   $     26,337   $     27,605  4.2% 0.5%Liner S19  $ 27,460   $ 44,727   $ 79,584  5.0% 5.9%
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