ECONOMETRIC MODEL FOR PROJECTING PANAMA CANAL TRAFFIC, TRANSITS, AND REVENUES – EVALUATION OF RESULTS AND APPLICATION AT THE PANAMA CANAL 
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Introduction

In order to evaluate the market potential of a possible Canal expansion, the ACP contracted MergeGlobal Inc, a management-consulting group specialized in quantitative solutions for trade and transportation, to develop a model for traffic, transits, and revenues long-term projections. This paper will evaluate the effectiveness of the econometric model developed by Mergeglobal Inc from a users’ point of view, will review the problems encountered, overview alternative approaches to long-term forecasting, and present insights to ACP’s managerial solutions oriented to improve and strengthen the reliability of long-term forecasting.

The purpose of this paper is to share our views about the limitations of long-term forecasting of shipping trends and the factors that we have identified as critical to improve the reliability of ACP’s forecasts as basis for important investment decisions at the Panama Canal.  At the same time, this paper is an invitation to maritime economists for inputs, suggestions, and recommendations to further strengthen ACP’s challenges in predicting future shipping patterns and commodity trades.

The ACP Model – Two Years After Installation

The ACP has used the model successfully now for several years.    Originally conceived for analysis of the impact on the Canal of all factors that will likely influence both the short and long-term viability of the waterway, the original requirements statement was overly ambitious.   Few modeling systems are good at both short-term forecasts – including monthly projections – and also very long term forecasts stretching out 50 years.  Models based on historical trends are typically not able to adapt to changing conditions especially those not fitting the current facts (i.e. a new set of locks allowing larger vessels to pass through and altering the relationship of tons to ship transits).  Few models in existence are designed to automatically collect new data and self generate new parameters while dynamically updating large-scale baseline databases.

The resulting model met all of the requirements originally laid out by the Authority, but at a cost of extreme complexity in programming.  As a result the model had to be both flexible and also dynamic including automatic updates, it required the development of dynamic arrays that shifted time frames as new historical data is accumulated.  This type of model is difficult to fully test in advance.  The current model, therefore, has not been without programming errors and has been modified by both the ACP and by the original contractors several times.  Usually any modeling system requires at least one year or more of adjustment by the original builders to insure that all possibilities (going through 4 quarterly updates over two fiscal years allows the framework to test the ability to shift from one baseline year to another). This is an area that needs improvement.  Proper training for new users of the model is also needed, given that technicians trained in the model have migrated.

Meeting Changing Goals
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Despite the above reservations, the econometric model has done a satisfactory representation of the trends in the Canal commodity flows by route based on the past performance and provides a basis to construct scenarios of what can happen in the future.  It has been useful for short-term forecasting, given that specific features were provided to enable changes in macroeconomic variables and simulate different world economic scenarios. It has allowed ACP analysts to develop frequent revisions to budget forecasts following the uncertainties derived from the deceleration last year of the world economy and the September 11 terrorist attacks, and has also been useful in testing alternative Canal pricing structures.  The model has allowed ACP analysts to generate forecasts with in-house resources and has been a starting point to improve forecasting capabilities.  

Figure 1
However the trends are based on the past, with assumptions of reasonable world macroeconomic conditions.  Nevertheless, a cargo flow that does not exist in the past will not be reflected in the future.  Therefore, for forecasting for so long in the future, we need to make assumptions of the timings when new cargo flows will become part of trade and incorporate these assumptions onto the model.  For example, we need to determine when will production from a country with potential to use the Canal will be incorporated into the trade stream, because an expanded Canal has opened this new trade opportunity.  Under expanded Canal conditions, a number of possible trades can emerge, for example, oil and minerals from Venezuela to Asia, or Brazilian soybean exports to China.  To do this ACP must first estimate likely tonnage using alternative approaches. To help the ACP understand the potential, additional detailed commodity specific studies are now underway, designed to provide intellectual honesty to the estimates produced by the Staff.  For example these studies may find that Colombian coal producers would increase their markets in Asia if the Canal size were increased allowing the economical shipment of coal through the Canal on larger vessels.  Results from these studies can be easily integrated within the existing framework of the model without losing the integrity of the basic model structure and databases. 

The econometric model prepared by Mergeglobal has been useful in measuring the responsiveness of the Canal’s market to changes in Canal charges, since the model provides guidelines to the elasticities of the cargoes by route and aggregated vessel type, to changes in Canal costs and world trade.  Since Canal costs are measured in terms of the Canal tariffs and the shipping costs associated with the waiting time at the Canal, these elasticities are a good measure of the responsiveness of the Canal’s market segments to the pricing and quality of service.  The elasticities are indicative of how the market responded in the past to changes in tariffs and to changes in waiting times, and provide valuable insights to Canal policy makers of the sensitivities of a market segment.  However, since trade flows are also dependent on other factors, such as the state of the world economy, exchange rate oscillations, political conditions, trade agreements, weather, prices of substitute goods and the peculiarities of very specific markets, the elasticities in some cases show that Canal traffic flows are insensitive to changes in Canal tariff rates.

The ACP has used the model for short-term planning purposes as well as for research into the feasibility (from a financial point of view) of developing additional infrastructure to increase Canal throughput.  While the original trade baseline used was delivered in 1999-2000, world trade has declined dramatically from the highs of 2000 to the lows of 2001 and 2002.  Thus for many routes the baseline trade forecast is too optimistic with respect to 2001 through 2003 (it should be okay beyond this date as the original forecast baseline was relatively conservative with respect to medium and long-term growth in maritime tonnage).    The model, however, is capable of easy modification and the ACP staff has developed a modified scenario using an adjusted macroeconomic baseline.  It allows for the current economic slowdown without impacting the longer-term projections.

Validation and Adjustment Process

A second issue is more technical.  To work the model must assume that the new locks once completed are fully available to all ships capable of using them.    But it may be that the locks even when completed will not be able to be fully used.  In the model a gradual shift to larger vessels is allowed.  How quickly that shift occurs is set by the analyst.  The Canal staff has spent time, however, in validating the assumptions from external sources in order to improve the accuracy of the underlying model forecast.     

For example, when expanding the lock dimensions to the preliminary dimensions that the Canal Engineering team have identified as plausible, that is, 180 feet (54.86 m) in beam, 46 feet (14.02 m) in draft, and 1,265 feet (385.57 m) in length overall, the question arose to when would the new lock, reach capacity.  The determination of the capacity is important to delimit the trade potential.  With a new set of locks, the model allocates cargo to larger vessels and assumes a rate of absorption of the distribution of the world fleet for the maximum range of vessels existing in the world fleet for this lock size.  The assumptions regarding this allocation rate were identified as necessary to validate with alternative maritime sources. 

The other limitation that was identified was regarding the assumption of the rate of transition from small to larger vessels, what referred to as “cannibalization”.  When the opportunity to use larger vessels on Panama routes is available to the world will these ships be used?  If they are used, they replace smaller vessels.  The model assumes continuous adjustment in ship size and thus the growth in transits is less than the resulting growth in tons, i.e. fewer of the large ships replace more of the smaller ones. The determination of the rate of transition is imposed on the model although there are many dynamic factors that influence this (see earlier in this paper). Some of these are the actual rate of growth occurring in the Panama fleets historically.   The ACP has asked for additional outside opinions to validate these assumptions about substitution.   

This issue was also related to the question of the expected growth rates for the vessel size, particularly regarding the containerships, a debate that today produces very diverse opinions among industry experts (ranging from 8,000-15,000 teus).  Clarity regarding this segment is crucial for future Canal expansion plans, since this market segment is the most dynamic with expectations that at the end of 2002 it will surpass the dry bulk segment, the traditional most important Canal segment.  There are two questions – how much larger can these ships go and remain economically viable ; and more importantly would they be used on the Panama centric routes?  

On the other hand, the vessel dimensions used by mature shipping businesses like the dry and liquid bulks have reached the maximum size levels in the world fleet.  Here the question is what is the maximum size that will benefit the Canal potential market at the least possible draft dimensions given the high costs for dredging and drilling to accommodate them (ranging between $15 to $25 per cubic feet).  The maximum sizes for these vessels in the world fleet range between 200-300 thousand deadweight tons with drafts over 50 feet. Preliminary cost estimates indicate that the Canal is capable of increasing draft capacity for vessels from 39.5 feet to 46 feet starting in 2010.  A vessel draft capacity of up to 50 feet could be reached in 2020.

Figure 2
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For example, the distribution of the dry bulk vessels (Figure 2) in the world fleet is concentrated on the ranges of less than 80,000 deadweight tons and in the range between 130,000 and 180,000 deadweight tons.  Currently Panamax dry bulk vessels with deadweight tons up to 80,000, transit the Panama Canal light-loaded since they have drafts greater than the maximum allowable of 39.5 feet under the existing Canal.  If the Canal were expanded, these vessels would benefit from a higher cargo utilization rate.  The world dry bulk fleet distribution would change, with shifts reflecting the new dimensions for the Panama Canal after a possible expansion.   What will this rate of shift be, is a question that remains to be answered? 

Independent Validation of ACP Model

In 2001 the reliability of ACP’s forecasting model was tested with an independent forecast that was commissioned to Richardson Lawrie Associates (RLA), London-based maritime economists.  The results of the model varied with respect to those of RLA.   RLA cargo forecasts were consistently above the MGI model by 30 percent on average and RLA transits forecasts were 20 percent over the MGI model results. 

Figure 3
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The Richardson Lawrie Associates study was based on a detailed bottom up approach starting with trade forecasts for individual commodities and commodity groups on a route by route basis.  Specifically, the study used a combination of detailed data analysis, statistical forecasting techniques and the Consultants own market and commercial knowledge and expertise in each of the subject shipping sectors.  The time horizon for this study was through 2050. RLA decided against econometric modelling as they considered this suitable only for short term simulations, but insufficiently robust over the long term. 

The MGI baseline is a hybrid forecast combining econometric forecasts with a dynamic model allowing changing ship size categories, utilization rates, and imposing constraints on tonnage due to transit capacity constraints. The ACP model produced by MGI is a also a bottoms up model starting at the lowest level of detail – a single ship transit with a single commodity on one of more than 140 different routes.    The ACP model allows for continuous shifts towards larger vessels (below Panamax) and higher rates of vessel utilization. The difference in traffic levels between both approaches can be attributed to different underlying assumptions and therefore the comparison is not totally valid.  It is normal, however, to have differences from one forecaster to another and this is just a reflection of the difficulties entailing long-range forecasting.  On the other hand, the results are valuable to the extent that they provide a range of results that could occur, which have been provided from two independent sources.

Limitations of Models and Internal Restructuring

Models cannot explain why shippers use the Canal.  They can show relative factors that drive traffic growth and they can confirm more anecdotal data drawn from interviews.  To improve the reliability of Canal forecasts as a decision-support tool for future planning purposes, further research to better understand the intricacies of the Canal market segments was initiated.   ACP considered that although quantitative methods are a systematic representation of reality, they could not be the sole determinant of the future Canal market.  The market signals that ACP officials received from direct contacts with Canal customers were found to diverge from the forecasting results from these studies.  Therefore, the ACP determined that Canal forecasting for the long range required a new approach in order to reinforce these findings with qualitative research with the use of experts from the most important fields related to the Canal flows.  This also entails that commodity market and maritime transportation specialists should conduct forecasting.

The identification of a specialist view for the Canal’s future potential, resulted also in a re-structuring of ACP’s Marketing Division.  A year ago, ACP’s Marketing Division has re-focused functionally in order to concentrate research, forecasting, and the design of marketing strategies in four market segments:

· Liner service

· Dry bulks

· Liquid Bulks

· Specialized Services

The forecasting function has been segregated among these segments, whereas in the past it was centered in only one unit.  The specific understanding of the Canal market segments will contribute to enhance the accuracy of forecasts and will enable the modification of original relationships, if necessary.  It is expected that this specialist-type approach will also pave the way to the construction of specific forecasting models for these segments. A combination of general and segment forecasts are expected to improve overall forecast accuracy given that they will promote the validation of different methodologies
.  The enormous uncertainties related to forecasting in the very long range (25 to 50 years in our case) and the investment decisions that will rely on these forecasts, requires a thoughtful formulation of different alternatives to diminish risk. 

Additional to the reinforcement of in-house capabilities focused in a segmented view of the Canal’s market, the ACP sought for expert consultant support to assist in a better understanding of Canal’s markets.   The ACP has contracted the services of consulting firms with a strong expertise in the areas of interest to support these new studies:

· Liner Services: Louis Berger with sub-contractors National Ports and Waterways Institute of Louisiana University, Piers of the Journal of Commerce, and the TIOGA group

· Dry Bulks: Nathan Associates with sub-contractors Richardson Lawrie Associates, North Dakota State University (grain experts), and Commodity Research Unit-International (coal, minerals, metals, and other dry bulks)

· Liquid Bulks: Fearnleys Research Consultants

The studies commissioned to these consulting firms will develop the following tasks:

· Determine the Canal’s market potential for the existing and expanded Canal

· Determine the Canal’s economic value

· Forecast key Canal variables: traffic, transits and tolls revenues

· Design a marketing strategy that will maximize the Canal earnings

The results from these studies are expected to produce alternate scenarios for specific commodity markets for the next 25 years.  The consultants have proposed quantitative methodologies for each particular market. Given the uncertainties related to the long forecasting period, all of the consultant groups have also proposed qualitative research techniques in order to consult port operators, shipping lines, shippers, and relevant government officials in order to assess the opportunities, limitations, and risks of the existing and expanded Canal. These studies are scheduled to conclude on January 2003.  Additionally, the ACP also contracted the PBConsult group as the program manager of all the Canal’s expansion-related studies.  

Alternative Methods

In order to improve the reliability and accuracy of Canal market forecasts the ACP has used and evaluated other methodologies.  For example, in order to explain and corroborate the elasticity “zero” cases that are suggested by the ACP’s Forecasting Model, complementary analyses are conducted. 
 The elasticityies that are produced by the econometric model are complemented with specific market analyses that bring additional understandings of the impact of Canal charges in specific trades.  These analyses apply to commodity and route specific trades; but are irrelevant to the container trades that include a great number of products.  The costs of transportation of key commodities in Canal routes and alternatives and the impact of Canal charges in these costs will be analyzed, in order to measure the weight of Canal charges in the cost of transportation from the port of origin to destination, as well as the weight of Canal charges in the price of the commodity at the port of destination.   The comparison of price in the destination ports of the same commodity or its substitutes from different source regions, gives an indication of how Canal charges impact the price of the commodity that uses the Canal route.  If the proportion of Canal charges is significant, the demand for this commodity should be highly sensitive to changes in Canal charges.  Additionally, if the Canal commodity is easily substitutable from competing source regions, because the price advantage is minimal, this indicates that the commodity is also highly sensitive to changes in Canal charges.  

Other alternatives for modeling long-term Canal traffic patterns include the development of linear programming, quadratic programming, and network flow models.    These types of models provide a more scientific and systematic approach to the task of minimizing the cost of transportation from alternative means of transportation and alternative sources in a specific origin and destination that are located in different geographic areas, resulting in projections of demand and supply.     The U.S. Corps of Engineers has used this method in the determination of commodity flows in the evaluation of the impact of the expansion of locks in the Upper Mississippi River – Illinois Waterway Inland Navigation System.   The Department of Agriculture of the United States commissioned the University of Texas A & M Department of Agricultural Economics to develop a spatial, inter-temporal equilibrium model to determine the effect of a Panama Canal policy of revenue maximization and its impact in U.S. grain exports.  The model maximizes producer and consumer surplus minus grain handling, storage, and transportation costs to generate interregional trade flows and prices.
 The model allowed for testing scenarios of different Canal tolls levels and suggested that given the relative higher costs of alternative routes, the Panama Canal had sufficient room to adjust the Canal tolls without causing significant grain traffic diversion.

For commodities such as containerized cargoes that are transported in liner services, network flows models have been also applied to simulate the most cost efficient deployment of container vessels.  The understanding of the methodologies used to determine the best allocation of vessels and their routings by shipping lines, can support the accuracy of forecasting in the container segment.  The forecasts of containerized cargoes could then be linked to the model of container vessel routing in order to produce the corresponding forecasts of container vessels through the Panama Canal.

Similarly in the construction of future Canal scenarios, we need to make assumptions regarding ship technology and vessel dimensions, energy alternatives, logistics systems, and port developments (possible drafts and cargo handling capacity), among others.
The determination of the adequate methods useful in forecasting a particular market segment is a task that will not end.  Constant improvement of existing procedures and the evaluation of new procedures are necessary to improve overall forecasting accuracy.  Forecasting at the Panama Canal is an exciting challenge, a challenge that requires well-sourced information, high-qualified expert opinion, and the best methods available.  We expect to continue to enhance our forecast capabilities in order to produce reliable forecasts, which will be the basis for important future decisions that will impact Panama’s competitive position in the world.  
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�  J. Scott Armstrong from University of Pennsylvania Wharton School states that considerable gains are achieved from combining forecasts when the forecast horizon is long, also indicating that that two ways of obtaining different forecasts are on one hand, varying key elements in the econometric model, and on the other, developing independent forecasts from different researchers J. Scott Amastrong, Long Range Forecasting: From Crystal Ball to Computer, Wharton School, University of Pennsylvania.  Wiley-Interscience Publications, Second Edition.


� Products that were judged to be not price sensitive may have little other choice to but to go through the Canal.  Under these circumstances then there is no observable change in trade flows from changes in tariffs.  For example grain shipped from the US East and Gulf coasts to Asia is price insensitive to Canal tolls.  This grain could, however, move to California by rail thus by-passing the Canal.  The cost of US rail transport, however, is far greater than any conceivable toll increase making this unlikely.  


� Fuller, Stephen, Fellin, Luis, Eriksen, Ken, Panama Canal: How Critical to U.S. Grain Exports? Department of Agricultural Economics Texas A&M University. 2000.


� This result is fully consistent with the econometric result that shows for grain exports the elasticity for bulk carriers is zero.  Professor Won W. Koo at North Dakota State University, co-editor of the book Transportation Models for Agricultural Products� (1985), in his article on Tariffs and Transportation Costs on U.S. Wheat Exports: a quadratic programming model, examines the incidence of transportation costs and trade tariffs on US wheat exports with the use of a spatial equilibrium model based on a quadratic programming algorithm.  The quadratic programming models assumes that demand for a commodity in consuming regions (Di) and supply of the commodity in producing region (Sj) is a linear function of the corresponding prices in the regions: Demand: Di= a – bPi and Supply: Sj= c + dPj.  According to Koo, tariffs and transportation costs are shared by importing and exporting countries, depending on the price elasticities of export supply and import demand. Source: Koo, Won and Larsen, Donald, co-editors of Transportation Models for Agricultural Products, Westview Special Studies in Agriculture Science and Policy, page 107. 1985.
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