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Preface

The Panama Canal Authority  (ACP) is responsible for the operation, maintenance, and improvement of the Panama Canal.  Three years ago the Canal authority contracted with a MergeGlobal to develop a complex model to allow analysts to develop short term, medium and long-term forecasts for the Canal.  The model was developed with two purposes in mind: 

· to offer a scientifically driven assessment of Canal traffic in the short to medium-term; 

· to allow the planning staff to develop estimates of future revenues based on a changing mix of infrastructure improvements (from channel deepening to adding a third set of locks of a larger size). 

The Objective

MergeGlobal
, an Arlington, Virginia based trade, transportation, and industry consultancy, developed an integrated planing model for the Canal linking external data on global economic growth and trade
 with internal Canal traffic and transit data using semi-automatic computer links to refine and improve coefficients and statistically developed parameters for translating traffic into ship transits.  The goal of this model was to provide both short-term forecasts for projecting Canal revenues and traffic patterns and to allow the Canal staff to develop sophisticated, fact-based, analyses of future traffic patterns under differing conditions including the development of a “third set of locks” allowing the transit of vessels larger than Panamax sized.   

Model Requirements

· Integrate with existing Canal traffic and transit databases through a semi-automatic data linkage;

· Automatically update coefficients in a ACP 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 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.

The model was developed to allow planners develop unique scenarios based on long-term macroeconomic and trade forecasts for Canal expansion.  At the same time the model was organized to provide a continuously updated short-term projection of Canal traffic, transits and revenues.    This is not an optimization model but a pure forecasting model.  While scenarios can be prepared using the model that will allow the maximization of either traffic or revenues (or both), the goal of the model is to provide useful forecasts extending up to 50 years into the future based on the most likely pattern of trade, traffic growth, and tolls charged.   

Developing the Model

Data Preparation Stages   
The initial phase of the project involved the collection of data from internal sources as well as external sources. The Panama Canal Authority (ACP) collects a variety of data from each ship transiting the Canal.  For each ship there is an identifiable:

1. Route (last call port prior to the Canal and first call port after the Canal transit) and Commodities on board (in ACP commodity categories);

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.).  

To facilitate development of a deterministic forecasting model this transit database had to be transformed from a series of discrete data points for each ship transit to fully related data series showing average transit costs per ton of commodity carried by route.  In this way the change in traffic (by commodity and route) can be measured against changes in cost of transit (by commodity and route) and changes in world trade (by commodity and route).   

Chart 1: Steps in the Process of Data Transformation
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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 ACP staff of key factors including GDP, consumption, investment, and world trade variables.   

· A World Fleet model adjusts ACP fleet ship size distributions based on projections of world fleet by type and size class. 

· An  ACP Route Specific Transit model integrates data derived from ACP databases with factors developed using Access programs to develop estimates of ship transits by ship size and size class.

· An  ACP Route Specific Revenue model that takes transit information and rate information and develops estimates of potential revenue by route under varying assumptions about tolls charged.

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. 

Chart 2: ACP Traffic and Transit Simulation Tool
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Organization of ACP Data Files

Using Commodity Data and Transit Data

Trade data is generally organized by type of commodity and by trade routes served. Maritime shipping data, for example data contained in cargo manifests (from which ACP takes its commodity data), shows often multiple commodities traveling on the same vessel.  Thus ship transit costs must  be spread across multiple product groupings each with a different share of the total cost of the voyage. 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 thus they  pay different tolls since tolls are based on the carrying capacity of the ship itself.  No allowance is given for ships that are not filled to capacity although ballast transits are slightly less expensive.  

In developing then a model to measure the demand and price elasticity of Canal traffic to changes in tolls and to world trade,  a synthetic bridge between the two different units of measure needs to be creasted.  This is a bridge between  traffic as measured by commodity and route  and ship transit costs as measured by tolls paid, time spent in transit, and ship utilization is at the heart of the ACP modeling system.   Using all of the Canal traffic and transit data as a base, a new hybrid measure of traffic and transit by route ( R ), by commodity ( C ), ship type (T), and ship size (S) or RCTS is calculated.  This very granular level of detail is the heart of the traffic and transit model.  

Multiple Dimensions

Each ship transit is unique from the point of view of the cargo carried and the relationship of that cargo to ship economics (will the voyage earn a positive rate of return).  For ship owners the cost of transit – both the direct costs associated with tolls and other charges and the indirect costs associated with unanticipated waits for transit – adds up.
  These charges thus have an impact on ship economics; and influence the number ship transits logged at the margin.   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 and changes in ship costs can influence, especially for bulk carriers on less firm schedules, route choice.  Incremental change in trade and in voyage costs thus have an  impact on Canal throughput.  The econometric model thus measures these changes at the margin, i.e. for an incremental change in the cost of transit (due to higher tolls or more delays), we estimate a percentage adjustment in the traffic passing through the Canal.  It is assumed that traffic that ignores Panama will have implicitly chosen an alternative route.      

Each record in the ACP 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 1, a bulk carrier (identified by ship number 394568) is carrying 5000 tons of several 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 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.  

The commodity weight is used to relate the actual costs of transit for all ships carrying the same commodity through the Canal for a specific route.  Since we can’t forecast each ship transit separately, our goal is to take the weighted average of all ships carrying the same commodity as a proxy for the trade in that commodity on that route.  The basic building block for the analysis of traffic growth is commodity by route.  This data, however, is not the normal data of importance to the Canal since it generally commodity specific rather than ship transit specific yet this data can be linked to transit data.  This hybrid data approach is the core building block of the ACP model.   

In this example the cost of transit – paid for by the shipper through the tariffs paid – is equated to a ton of cargo of one specific type.  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).  When canal transit delays increase due to lane outages and congestion, this adds both cost and uncertainty to the Canal routing for some ships.      Surprisingly the cost of waiting at the Canal often is far greater than the tolls charged for a single transit on a per ton basis.  A two or three day wait could easily transform profit into loss.  This calculus, whether it is by the ship owner or the company that charters the ship, determines traffic and transits through the Canal. 

Table 1: Example of Joining Ship File and Commodity File 
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ACP Traffic Demand Model

The ACP 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.

4. Factors for transforming commodity tons into ship transits depend upon a weighted average of ship transits by commodity carried and routes. 

The traffic demand model relates tonnage by commodity, route and aggregated ship types to world trade and cost of transiting the Panama Canal.  It is based on a complex series of linked hierarchical econometric models designed to allow potential growth to be assessed in light of past patterns of shipper response. Multiple model forms insure that for each commodity and each route there will be at least one econometrically developed model that links ACP traffic demand with factors influencing that demand (world trade and the cost of transit.)  Seven model formats are used and 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 ACP 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 insures consistency while allowing new data to define a new model as needed without intervention 

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.
    

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 is the lowest level of aggregation in the data; and at this level,  R/C/T/S, serves as the building blocks for the demand and transit models.  Traffic and transits are at a discrete level (just above the raw data format).  The traffic demand model at this level would be too sparse for many routes.  A pool variable for a single route [R], 29 commodity groups [C], 4 aggregate ship types [A], for the period [t] covering 1990 – 2000.  ACP traffic data is the dependent variable and  MGI Seaflow  martime trade data is one of two independent variables (the other being the tolls and canal wait times, i.e. the cost of transit).    

Chart 3:  ACP Traffic Model (Tons of Trade by Route and Commodity) 
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Basic Model: Advanced ACP Elasticity Framework Model

The “Basic Model or 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 vessel operating costs for transit of the Canal. The calculated elasticity is by the aggregate ship and aggregate trade type.  Table 2 shows how the 29 commodities are grouped into 11 instrumental variables. 

Table 2: Major ACP Commodity Groups and  Associated  Detailed ACP Commodity Categories

Commodity Group in Traffic Model 1
ACP Commodity Codes

Reefer
P01 [Banana], P02 [ Reefer,Other]

Grain
P03 [Wheat], P04 [Corn], P05 [Grain, Other], P06 [Soybeans]

Agriculture
P07 [Sugar], P08 [ Processed Food &  Other Agriculture]

Wood
P09 [Pulpwood], P10 [ Lumber Products], P11 [ Paper]

Fertilizers
P12 [Phosphates], P13 [Fertilizers]

Metals
P14 [Minerals, Misc.], P15 [Alumina/Bauxite], P16 [ Ores, Other], P17 [Iron & Steel], P18 [ Scrap, Metal], P19 [Metals, Other]

Liquid Products
P20[Chemicals], P21[Crude Petroleum], P22[Petroleum Residuals], P23[Petroleum Code], P24[Petroleum Products], P25[Petroleum chemicals]

Coal
P26 [ Coal]

Automobiles
P27 [Automobiles]

Containerized
P28 [All Containerized Cargo]

Other
P29 [Other]

Equation: Model 1 - Transit Cost by Aggregate Ship Type and Trade by Detailed Commodity Type 
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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.  The model is log-linear with each variable assumed to be a natural log function.  It is a pool across all 29 commodities for each route and time (1990 to 2000).  By pooling the information contained in the traffic data the coefficients are generalized to a type of ship or type of commodity.  This increases the degrees of freedom and allows the coefficients to reflect the variations across commodities as well as over time thus improving the possibility of getting meaningful coefficients.  

This model framework is quite 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.   

Ship Operational Variables

The price effect is measured by the combination of tolls and ship operational costs ( transit costs) covering 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 is calculated.  It is based on the combination of: 

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 a single commodity 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 tankers.  For some commodities – i.e. general cargo products – a commodity may ship partly on reefer vessels and partly in container vessels.  The number of ship types was thus reduced to four broad types (from the 12 different types) .

The  four aggregate ship-types are : 

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 (unless they have paid for reservations to assure more rapid transit)  when choosing to enter the Canal waters.  Once committed the time delay to go by an alternative route is usually 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). 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 (thus total logistics costs including inventory carrying charges may influence transportation decisions).  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.  

The price elasticity is generally 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 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.  A small increase in the cost of transit through Panama will reduce traffic via Panama from the US East Coast by between  -0.432 (for bulk vessels) and   -0.545 (for general cargo) for each 1% increase in the cost of transit. 
    

Trade Effects

The Panama Canal has not grown as fast as the growth in world trade. This is partly due to geography – the key routes that have grown quickly (Europe-Asia and Asia-North America) – generally by-pass the Canal; and partly due to the increase in economically more viable ship sizes that cannot transit the Canal.  These larger vessels have tended to move on very long distance pendulum service that does not pass through the choke point of Panama.  As a result the number of “round the world” services has dropped steadily and fewer ships are transiting the Canal from Asia to the US East Coast through Panama .  The coefficients for trade in the models reflect this fact.  After taking into account the price effects on traffic, trade effects generally have elasticities less than 1.0.  Thus a 1% growth in world trade would yield less than 1% growth in Canal traffic. 

Other Models Formats

When Model 1 fails statistical tests it is usually because there is insufficient detail to support 11 individual trade categories, then the E-views program automatically tests Model-type 2.  If this fails it moves to Model 3, then Model 4, etc.  All in all there are 7 model forms each slightly less complex than the previous. 

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 than Model 1.   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.  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).  

In Model 2, coefficients are of the same approximate magnitudes as in Model 1.  Thus price elasticity’s tend to be negative and group around –1.0; while trade elasticity’s are positive and vary from a low of zero to a high of just 1.5.  In most cases the trade coefficients are less than 1.0 suggesting that the Canal has lost ground relative to growth in world trade (this is a route specific result).  The Canal has also lost out because of the nature of where the trade has developed.  The large volume of trade that goes from the Asia to and from the US West Coast and from Europe to Asia has grown more rapidly than the trade between countries in Latin or Central America.

Table 3: Estimated Elasticity’s for Price and Trade Applied to the ACP Traffic Model (major routes only)

Coefficients by Route
Model Type
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15





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

















MODROUTE
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
















TC: Transit Cost:

IT: International Trade
GDP: Gross Domestic Product













Loading
Discharge
1999 Tons
Model ID
C1
C2
C3
C4
C5
C6
C7
C8
C9
C10
C11
C12
C13
C14
C15

US East
East Asia
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

East Asia
US East
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

West LA
US East
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

US East
West LA
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

West LA
Europe
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

East LA
West LA
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

Canada W
Europe
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

US West
Europe
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

US East
Southeast Asia
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

US East
West C. America
4,171,955
2
-0.263
0
0
-0.599
0
0.64
0
0.122
0
0
0
0
0
0
0

Europe
US West
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

West LA
East Carribean
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

East LA
US West
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

East Caribbean
U.S. West
3,138,576
2
0
0
-0.605
-0.719
1.5
0
0.727
1.077
0
0
0
0
0
0
0

East Asia
East Carribean
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

Southeast Asia
US East
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

US East
Oceania
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

US East
US West
2,737,018
11
-0.386
-1.5
-1.5
-1.5
1.5
0
0
0
0
0
0
0
0
0
0

East Caribbean
East Asia
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

West C. America
US East
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

East LA
West C. America
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

East Caribbean
West C. America 
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

Europe
West LA
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

Oceania
US East
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

Canal Waters Time

The measurement of Canal Waters Time is of critical importance to determining traffic through the Canal.  Over the past decade the Canal had faced continuous problems with maintenance of the locks.  Lane outage 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 downtime 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.   

Chart 4: Lane Outages, Transits and Average Canal Waters Times
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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, 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. 

This relationship  has been modeled econometrically.  Two factors – the lane outage days (admittedly a crude measure of disruption) and the total number of ship transits likely – are used.  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.   Using this relationship the simulation part of the model can adjust CWT dynamically relating changes in CWT to changes in traffic [transits] and Canal throughput potential.  

Measuring the Impact of Additional Capacity on Traffic Demand  

One of the most difficult problems in economics is predicting what will happen if something new is built.  Unlike the more common comparative static’s problem, in which one element is changed and then the differential measured,  new capacity added can change the system dynamics of world shipping in ways that are profound.   Changes  in maximum size of the Canal locks may have an impact on ship deployment strategies beyond the obvious effect on canal wait times.   Still in simulating the  impact we have limited ourselves, however, to the more obvious effects of added capacity on traffic choosing to pass through the Canal by reducing  Canal Waters Time.   The equation estimated defines 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 trying to understand the system dynamics for a new canal with greater capacity we have to trace what happens to CWT if there is no additional capacity added.  One reason for this is that without added new capacity then the maximum capacity of the Canal will be reached.  Any rational model of the case without expansion then must assume that traffic growth will be limited to that which naturally can occur as a result of increased ship size (up to Panamax) and greater ship utilization.  

We control demand growth then by using CWT as a dynamic or semi-endogenous variable in the model (by using the equation to measure the likely impact on CWT of the Canal traffic reaching its maximums based on existing capacity and lock size).  In our baseline scenario the increased traffic that tries to go through the Canal runs up against the upper limit of traffic that can go through the Canal.   We have assumed that the approximate 1% increase in trade drives transits up by about that same amount. As a result, as we can see from the graph below, the days wait increases over the period 2004 through 2050. Once the time delay reaches over 3.0 days it is likely that much of the world’s shipping would by-pass the Canal.  As a result of the shift of traffic we expect the wait time to level out at 3.0 based on a natural rate of attrition.  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 of lane outage does not increase.  

If we hold outage days constant while allowing maximum transits to increase after 2010 to 22,000 transits—38% higher due to the development of the 3rd set of locks—then the CWT falls dramatically to less than 1 day transit time.   The degree varies by type of vessel since existing rules allow container vessels to get priority (by paying for reservations) thus the reduction in wait time for these ships is minimal while the reduction in average time for ships that typically do not pay for service quality will be significant. 
  

The Canal Waters Time estimation model
 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 scenario approach to estimate disruption.  Our assumption is that starting in 2003 through 2006 the maximum number of potential 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. 

Chart 5: Comparison of Canal Waters Time without 3rd set of locks (red) to wait time without additional capacity (blue).
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Impact on Potential Traffic and Transits of the 3rd Set of Locks

Using the combination of elasticity model and assumptions about wait times, 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 3 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 3 as the maximum was arbitrary although we observe in the ACP data few instances when wait times have exceeded 3 days. .  In tests of the model the adjustment that we made and the maximum for CWT tends to keep the Canal transits below the maximum number of transits allowed without the additional capacity.   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 that is within the current capacity of the waterway.  Canal delays should,  on their own, slow transits to a point that supply and demand are balanced.   

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 hindering maximum throughput).  If the maximum were 22,000 then there would likely be little problem until near the end of the period (2050).   

We can see that the potential for growth in traffic is there.  Assuming that world Maritime trade over the next fifty years averages about 3% per year – rather than more the more conservative SeaFlow average for Canal sensitive routes of just over 2% -- then the potential of an unconstrained Canal is for traffic to grow almost three fold.  This is greater than the added capacity and assumes better ship utilization and larger vessel sizes.  

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 (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: Comparison of ACP Tonnage Under Different Assumptions 
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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 different amounts of 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 and as a result the number of transits will grow 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, the problem of how to shift the current fleet in size to a fleet made up of larger vessels had to be solved.  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).

The Transits Module  integrates future ship sizes allowing shifts  from one size class to another. 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 feasible.   In developing the approach we have tried to insure that ship sizes reflect likelihood.  Just because the Canal can allow larger vessels this is no reason to shift cargo always to these larger ships.     
The Distribution of Cargo Tons Isn’t Constant Over Time

The first rule is that the distribution of cargo tons by ship size class is not constant over time.   Since ship size matters and the distribution across ship sizes changes 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 4, 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 are their average size is barely growing.   Dry bulk vessels, on the other hand,  have been growing at a rate of 1.3% per year in terms of average size of vessel per transit.  If this continues it would mean that in 2050 the average size of a vessel would be 81,000 DWT.  

Table 4: Average Size by Type of Vessel, 1986 and 1999

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  into additional ship types with general cargo vessels split into 7 different types.  Within each ship type there are 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. 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 measurement 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 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 not proportional to the size class distributions.  Thus there is a bias associated with the shift from one size class to another.
  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 develop a distribution that shifts between ship size classes independently 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. 

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


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%

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


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%

Correcting for Ship Size

The bias can be substantial.  We know, however, the absolute differential between each of the classes. Size classes can be normalized into ‘synthetic ships’ of 10,000 DWT each.  We do this by using the end-point of each size class as the denominator with 1.0 as the numerator and multiplying this fraction times tonnage in each size class.  Thus the larger classes are reduced the most and the smaller classes the least.   For example, for size class ’10,000-20,000’, we multiply the total DWT by a factor of ½.   By correcting the total DWT for these differences in average size, then the distribution will be unbiased.  The distribution across these “adjusted” DWT’s can be compared over time and growth rates in size distributions then can be calculated that allow a shift to occur in shares between size classes based on previous growth.  

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 DWTs due to differences in mix of ships (independent of size differences).  Adjusted DWTs can then be used (Example 4) to calculate the distribution.  These changes drive 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.  

Example 3 – Adjusted Absolute DWT by Size Class Ratios


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%

Example 4 – Distribution of  Adjusted DWT’s


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



Comparison to Unadjusted Distribution of DWT by R/T/S








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?  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 uncorrected 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.   

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 routes served.  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 vessels 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 changes 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.    

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 will let operators shift more of their 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 change 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 extends the prediction beyond the next several years of known builds.  To complete the model framework a dynamic, econometrically driven, world fleet model was 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). It is based on the assumption that shortage in supply drives new builds (a rational approach as compared to the current approach that is based more on improved productivity as a rational for fleet modernization and expansion).  Given that the ACP model had to cover a long period (2000-2050), then a demand driven approach was an obvious choice.
   

Integration of World Fleet with ACP Fleet 

An examination of ACP 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 for some type of ships will have an impact on the Canal traffic, but our analysis suggests that the Canal today does not influence the decision of ship owners to build larger vessels.  Most of the ships that want to go through the Canal (that ply routes intra-Latin America, or from Latin America to Asia and from Asia to the East Coast of the United States) can pass through the Canal.  The exceptions are in larger tankers and ore carriers, but even here the case is weak.  Oil from Ecuador can go to US West Coast refineries or to Asia.  Oil from Venezuela can go to the huge complexes along the US Gulf coast or the US East Coast.  The ore out of Brazilian iron ore mines can as profitably use the passage around the tip of Latin America given that the mines are below the hump of Brazil (the distance to Japan is almost equal between the two routes). .  

It is, however, quite likely that there will be a slow migration in ship size if the current constraint of Panamax is released.  The approach developed thus allows for a slow migration between the average for the world fleet and the average distribution (by ship size and types) for Panamanian routes.
   

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 we assume that the Canal builds the required size locks that allow vessels up to S14 to now use the passage, then the distribution of available DWT for the World Fleet is the ultimate distribution that determines the pattern of ship transits that apply.  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 ACP will be uniform (i.e. the same for each route).  

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 likely, but for others it is unlikely that the larger vessels could be profitably deployed on ACP 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% (1/2 of 39%).  Thus, rather than reducing the distribution of tonnage into ship sizes of the current ACP fleet by 61% (distributing 100% across 7 size classes to just 61% of the tonnage to these same 7 size classes), we adjust the ACP tonnage by 80.5% (61% + 19.5% -- the part that was not assumed to be World Fleet).  Pre-3rd set of locks ACP patterns of ships then will account for 80.5% of the distribution, while the world fleet pattern accounts for the remaining 19.5% (these patterns themselves continue to shift since the time trend on growth for each category ensures continuous adjustment in distributions). The only part of the world fleet used 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 ACP routes.   For example, while there is 39% that could potentially go through the Canal realistically only a few of these larger vessels would  make economic sense for these routes.  If this is the case then 50% might be a better assumption.  In other cases a more aggressive shift to the larger vessels may lead to 100% of the larger size class using the Canal.  In this case then the full range of potential size classes will be used and the share of the larger vessels in the tonnage carried on that route will be significantly higher. We can see this by studying the Example 5 below. It would be unlikely that all ship operators will migrate immediately.  We therefore need to blend the two distributions.  In the example we use a 10% per year blending between the original distributions of tonnage by vessel size classes and the new distribution (including the world fleet distribution for the larger vessel sizes).
   

Example 5: Allowing for Larger Ship Sizes

ShipType
ShipSize
ACP 1999 Distribution Tons carried by Ship type and Size Class 1999
World Fleet DWT
Distribution WF through Max.Ship Size
ACP 1999 Fleet by DWT

(Comparison only).
World Fleet Distribution through constrained ACP 
Fully Adjusted Fleet (ACP 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%

Table 5 shows how, for containerized vessels, the share of available DWT increases with more of the share in the larger sized vessels (from about 36% to a new share of 55% by 2050).  If we had used a 100% then by 2050 the expected ACP 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.  It can allow more efficient use of ships and also allow for a larger overall volume of cargo tonnage to use the Canal despite the maximum increase in transits of just 50% over current capacity (a third set of locks). 

Table 5: World Fleet Distribution

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

Post-Panamax sizes 

Transforming Trade by Commodity into Ship Transits by Size Class

In the first part tonnage reflects the mix of vessels that transit the Canal with the mix of vessels by size class adjusting to the changing size of the locks.  In this final step the tons distributed into the size classes are transformed into ship transits by vessel and size class.   The approach to transformation is straightforward.  It is based on the way we classify cargo by vessel type.  We utilize a statistical process for this transformation as compared to an accounting one as we are using averages for distributions by size class and averages for each size class to translate into ships.   

In Step 1 the share of total tonnage (from the demand model) per year is distributed into size classes based on the historical pattern adjusted by the growth in that pattern.  The shares are normalized insuring that in each year they add up to 100%. Tons now shift from one size class to another – from smaller to larger vessels.  

Next in Step 2 these tons are transformed into number of transits by vessel size class.  An average tons per vessel size class is established (the mid-point of the DWTs combined with a maximum utilization rate ).   Current utilization rates (from ACP traffic databases) and growth trends in utilization are established.  It is assumed that utilization increases up to the maximums.  For bulk vessels and tanker ships are closer to maximums than for containerships.  Some of the problem may be the depth of the Canal currently.  A deeper canal will be able to support greater tonnage (without adding locks of greater dimension).    

Table 6: Utilization Maximums Allowed 

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%

Step 3 transforms tons by size class into transits.  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.  This then translates into transits by ship size class (see Example 6). 

Equation for Transits
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Example 6-- Transits by Size Class at the R/C/T/S level


# Transits by R/C/T/S





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.  All of these transformations lead to differences between the “model” developed data in the historical period with the actual transits observed.  We develop fixed factors for correcting for this discrepancy but they are designed to reduce, not eliminate, differences. 

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 is a pure ratio.  It  should deviate over time reflecting the natural deviation in the average relationship between DWT and utilization.  By correcting the transits at the RCTS level with the calibration factor the sum of total transits irrespective of commodity for a single type of vessel and size class is closer to the actual transits and thus the resulting model forecast is better than without calibration.    
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Ballast Transits

By definition ballast transits cannot be associated with specific commodities.  Ballast transits, however, can be associated by ship type, size, and direction of transit (Northbound or Southbound).  Ballast transits are calibrated to  total transits by route, type of vessel, and size class (RTS).  From the point of view of the model, directionality is less important than total number of transits by size class when calculating ballasts, but as the model is used for short-term planning purposes estimating the direction of ballast transits and the size of ships is of critical importance for staff planning. 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


[image: image13.wmf]transit.

 

of

 

direction

 

Size,

 

Ship

 

type,

 

Ship

 

 

TSd

      

          

Transits;

Ballast 

Factor 

 

FBTR 

      

          

transits;

 

TR 

      

          

transits;

ballast 

 

BTR 

 

-

-

 

where

=

=

=

=

=

å

å

,

ships

TSd

ships

TSd

TR

BTR

FBTR

TSd


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 an econometric model a very simple relationship is developed showing that for each 1% increase in per capita income in the United States cruise ship transits increased by about 2.57 %.  

Equation for Cruise Ships
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Model Projections – Baseline and with Additional Capacity

The model estimates transits by ship type and size class.  Chart 7 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 assume 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, tons shift 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) as more dedicated reefer vessels are replaced by refrigerated containers on liners.  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.  

Chart 7: 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 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.
   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 average PC/UMS per ton of cargo can be calculated at the lowest level used in the model which is the R/T/C/S level using the volume of commodity trade.  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. An average PC/UMS per ship transit is calculated at the lowest level of detail (from the ACP data). At this point  the model is complete.  A toll increase will increase the PC/UMS average rate and thus proportionally increase the average revenues per ton collected through tolls.  Total revenues on laden voyages then are the sum of all commodity, routes, ship-types and ship sizes.   

Chart 8: Comparison of Revenues Scenario to Baseline
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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 could then be developed. 
  

Scenario Development: Theory and Tools for Analysis

The ACP Traffic and Transit model allows the ACP economists and planners to modify operational as well as economic assumptions.  Trade can be modified directly or by adjusting macroeconomic relationships (GDP growth assumptions for example).  A new trade forecast is then developed automatically and employed in the model.  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.  

ACP Scenario Planning Tool  
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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.

Chart 9: Scenario Planning Tool – Model Framework

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.  Each step in the scenario building process offers a choice to the analyst and good scenario development involves defining goals and then using the model’s structure to develop different outcomes.  For example currently Brazilian iron ore does not go through the Canal.  The ships are too large and are, without special inducement, unlikely to change direction.  If additional capacity were added then these sized vessels could fit and to model the impact on revenues and resources used this flow of new “trade” is added directly  at the route, commodity, ship type, and ship size level of detail.  

Chart 10: Steps in Scenario Planning
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Summary and Conclusions
 No model can answer all questions.  While the model is complex, it cannot project trade that has yet to take place.  It depends upon statistical representations of past patterns to project future requirements.  Thus it is tied to the prior periods traffic.  Despite the fact that it allows for larger vessels, it must assume that these carry much the same trade as smaller vessels that can now make the trip.  It cannot project iron ore trade from Brazil to Asia that does not currently use the Canal because of limits on lock size, but it allows this “new trade” to be imposed on the solution exogenously.  Thus to use the model intelligently the Canal staff has to introduce additional information gathered from talking experts and industry representatives.   What the model can offer the Canal is a rigorous approach and methodology that can take this “outside opinion” and integrate it with model developed relationships for the 90-95% of the trade that uses the Canal today.  

In the end, the results that come from any model must be viewed in light of the current economic environment.  Results need to be analyzed to insure that they reflect likely patterns of economic behavior.  Any model serves then only as a framework for arraying and integrating information derived from many different sources.  Forecasts are only as good as the insights that went into the underlying trade forecasts themselves.  Any projection is thus only “true” for the moment.  As time passes the results will change.  The greatest advantage of the ACP model is that it is efficient in adapting integrating new information on ship transits, trade and macroeconomic developments to improve and revise underlying forecasts of Canal traffic, transits, and tolls.  
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� MergeGlobal, Inc (MGI), 1010 N. Glebe Road, Arlington, Virginia 22201, 703-526-6694, www.mergeglobal.com


� MergeGlobal provided a full set of external trade forecasts for maritime trade based on its extensive global trade and production databases.  These were derived from detailed trade forecasting models based on macroeconomic forecasts developed by Oxford Economic Forecasting (OEF).  Long-term forecasts of trade and macroeconomics were developed using an MGI model linking production and trade globally.


� SeaFlow is a global forecasting system for maritime freight covering 65 countries and regions trade with 65 countries and regions trade for 81 commodity groups.  For purposes of the ACP model an additional 11 commodity types (including bananas and corn) were added. 


� Our assumption is that the only direct costs incurred are wait times times average ship operating costs.  Ship costs are derived from data prepared by ISL and likely include some measure of ownership costs. 


� Alternative routes may be of some importance, but without a long time series and good estimates of true costs of these alternatives only Canal traffic and cost data is used in developing this model.  Point elasticity’s implicit assumptions are that the small changes in costs impact traffic.  Thus if the cost of alternatives goes up artificially this may be similar to a reduction in the cost of transit leading to a positive growth in traffic.  


 


� For example positive price elasticities 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. 


� While the pool variable covers all 29 commodities, the instrumental variable covers just 11 commodity types.  The coefficient thus reflects the  impact of international trade on Canal traffic for a broader commodity grouping.  The factors driving this are, however, commodity specific.  For example traffic growth for Canal commodities pulpwood, lumber products, and paper are directly related through the coefficient for “wood” to the international trade effects for these three products.  


� A 10% increase in tolls then would reduce the volume of traffic by about 5% using these factors as a guide.


� Nearly all routes with perhaps the exception of the West coast of  Central America to the East Coast of Central America have potential by-passes.


� Build it and they will come may be the idea, but there is no assurance that adding the additional capacity will lead to increased ship transits.  Over the period when the Canal was constrained (nearly ten years), ship owners have found new routings.  Once the added capacity is available only a portion of this diverted traffic will likely return immediately.  Higher tools may counter the reduced costs of transits associated with time alone.  As we will see in simulations traffic growth while expected to be significant may not be sufficient to pay for the new construction.  


� One argument for adding new capacity is that the existing Canal is constrained and thus diverts too much traffic that could pass through.  Thus while increasing lock size may be an obvious requirement (since there are larger vessels in the world today that cannot use the Canal), it is not the true reason for adding a third set of locks.  The true reason is that there is a need for the increased capacity for Panamax sized vessels that will, even after the expansion, make up the bulk of the vessels using the Canal.  


� CWT Adjustment Model


� EMBED Equation.3  ���


� One of the unique features of the model is that it is self-regulating.  Each time it is linked to new data (a new quarter of information) it recalculates the factors it will apply to future traffic and transit data.  Thus it is always “current” reflecting the latest information.  


� 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. 


� 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. 


� The MGI developed world fleet model is not presented in this paper.  For a copy of the paper describing this model please contact the author.  


� Interestingly it took almost 100 years for the ship size to begin to approach for the majority of the world’s fleet the maximum lock size designed at the turn of the 20th century when the Canal was built.    


� It is important to recognize that the model is intelligent enough to understand what different sized locks will do to the maximum ship size class allowed.  If an analyst chooses a lock size that is less than the maximum for the largest vessel,  then the model will select a maximum that should be able to fit into the smaller lock size.   A special analytical tool has been developed to translate maximum lock dimensions into maximum ship size in dead weight tons (DWT).  


� Panama Canal Universal Measurement System.


� 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.).
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