ECONOMIC EVALUATION OF FAST SHIP AND THE TRADE IN TIME SENSITIVE COMMODITIES: A SPATIAL EQUILIBRIUM ANALYSIS.
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Price differential between spatially separated trading regions are substantial, due to different factors like: import demand, exports supply, import tariffs, quotas and other artificial trade restrictions, and to natural trade barriers like transportation cost. Transportation cost is an important factor that affects the trade of agricultural products, especially when high value/time sensitive or perishable types of commodities are involved, due to their high cost of transportation. 

Given the importance of high transportation cost as a natural trade barrier in the trade of perishable and high value commodities, there is a large body of literature on applied research that has studied the effect of transportation rate structure changes in inter- and intra-regional trade. The commonly used method in this type of research is Spatial Equilibrium Models (SEM), which are useful to analyze price relationships between two or more regions and the resulting trading patterns as result of changes in the transportation cost structure and in any other artificial trade barrier. 

Most studies reviewed incorporate in the modeling process changes in transportation cost structure from the opposite focus of this study; that is from an increasing rather than decreasing transportation cost structure. In addition, none of these studies focused in transportation cost reduction due to technological advances in transportation. This may be one of the first attempts to study the effect of transportation cost reduction due to technological advance, and the reduction in import tariff rates on international trade, using a spatial equilibrium approach. 

FAST DISPLACEMENT VESSELS

According to Farris II (1998), fast ship technology is not a new concept, as it appears to be. Its history goes back to the 1960’s. The concept is a novelty in the transport of cargo, since until recently fast vessels have been used mainly to carry passengers and implemented in navy vessels. Fast ship technology for cargo purposes was implemented originally in 1971 when Sea Land Company built eight vessels (The SL-7’s) with a maximum speed of 35 knots to provide service across the Atlantic. This service was discontinued due to high operational costs, specifically related to fuel cost.

Fast vessels for cargo offer the advantage of being a cost effective alternatives for developing nations, relative to other means of transportation like airfreight and regular freight vessels, over a given range of commodities and trade distances. The advantage over airfreight is lower transportation costs, and with regular vessels the advantage is mainly technical, based on the fact that these vessels are faster and have a shallow drafts, which allow them to have greater access to smaller ocean and river international ports, characteristics of many developing countries ports.  These vessels also have a higher trip frequency per year, given their relative high speed compared to regular vessels. However, to take full advantage of fast sea transportation, speed has to be gained in vessel displacement, as well as in the other logistic components like inland transportation and loading and unloading of cargo. The focus of this study is in vessel displacement, assuming that the loading/unloading capabilities and the other logistic components are already in place.

Present-day freighters operate at a speed range of 18 to 25 knots, which is the most efficient speed range to optimize the cargo/fuel capacity balance. More speed from these vessels is possible, but not practical, limited by their construction, design, and propulsion.  Given these constraints, latest advances in construction are aimed at making lighter vessels with slender high performance hulls to reduce drag and reduce the waive-making resistance created by conventional vessels. In term of propulsions, the main focus has been on heavy energy saving diesel engines, but recently the focus has shifted to high performance gas turbines, due to the desire of making the ships as light as possible. Gas turbine are more expensive to operate than diesel engines, however as need for horsepower increases, the use of gas turbine is considered to be more advantageous.

The implementation of fast vessel transportation mode, which is likely to reduce transportation costs relative to a more expensive mode, is expected to increase quantity traded of time sensitive commodities, by reducing import prices in the importing region and increasing prices in exporting region, relative to the previous transportation cost structure. At the same time, quantity demanded and supplied in the respective regions and in the international market will also increase. Consequently, as result of the increase in quantity traded, there is an expected welfare gain to society, measured by the gains in consumer and producers surplus in the regions involved in trade.

The expected benefit derived from the implementation of this new technology that reduces transportation cost and increases society welfare, while improving customer service and satisfaction, can be divided in four basic categories: (1) Cost reduction benefits, which measures the reduction in resources required to move the commodities with the new technology. (2) Shift of mode benefits, measures the gains resulted from the reduction in cost or resources required to move commodities with the new technology, relative to a more costly alternative mode, when the movement would use the alternative mode of transportation from the same origin to same destination. (3) Shift of origin to destination benefits, measures the increase in commodity movements originating or terminating at a different location with the new technology. This benefit is determined by the difference in total cost of moving the commodity to its place of ultimate use with the new technology versus the alternative current technology. (4) New movement benefits, which measures the increase in the amount of current and new commodities flow that occurs only with the implementation of the new technology. 

The Model

The spatial equilibrium model implemented in this study is static not dynamic, involve partial equilibrium, and makes use of quadratic programming technique. In conformity with most SEM empirical applications, this model assumes: perfect competition in supply and demand of commodities and transportation services, and homogeneous products. It also assumes that there are no structural changes in supply and demand in the transition from the original equilibrium to the new equilibrium position. In other words, prices and quantities are determined along the demand and supply functions, which remain unchanged in the basic model. 

The model presented here has been developed according to Takayama, T. and Judge, G (1971) and drawing from the experience of other studies. This model uses price formulation (dual approach), in which the decision variables are prices and interregional quantity flows. In this case, the Lagrange multipliers of the equation that characterize the spatial equilibrium are interpreted as shadow quantities. The model incorporates export supply equations at U.S. southeast export districts, and import demand equations in foreign importing regions. U.S. exporting districts are linked to foreign importing regions trough transportation activities  

Let I = 8 be the number of trading regions, i = 4 the number of exporting regions, j = 4 is the number of importing regions, and n = 2 the number of commodities traded between the regions. The specific notation for the conceptual model is as follows: W(nij) = NSP = Net Social Payoff, or Social Welfare Function to be maximized; ESni = Excess supply function for commodity n from region i; EDnj = Excess demand function for commodity n imported in region j; Psni = Px = Export price of commodity n in export region i; Pdnj = Pm = Import price of commodity n in region j; Tij = Transportation cost between regions i j; Itj = Add-valorem import tariffs in importing region j; and Xnij = Xnji = Quantity of commodity n exported from region i to j. Alternatively, quantity of commodity n imported in region j from i.

The following is the general notation of the model implemented for this study:
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Equation (1) represents the Net Social Payoff function net of transportation cost plus Ad-valorem import tariffs; (2) and (3) represents the trade flow constraints; (4), non-negativity constraints; (5) is a constraint which indicates that price differential between two regions, can not exceed transfer cost (transportation cost plus import tariffs); and (6) indicate that all the decision variables must be positive. Note that the supply and demand equations are linear functions of own prices; that is:
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(7)  

Where: 

α0 and β0 = Intercepts of the export supply and import demand equations, respectively.

α1 and β1 = slopes of the export supply and import demand equations, respectively.

Excess Supply and Demand Equations

To implement the spatial equilibrium model, it was necessary to define import demand and export supply equations for beef & veal and poultry in exporting districts and importing regions respectively, and determined transportation cost between trading regions and tariff rates in importing regions. Export supply equations are derived from export supply elasticity for U.S. beef & veal and poultry at average air export quantities and price levels. The export supply elasticity is obtained using price elasticity of domestic demand and domestic supply.  Likewise import demand elasticities, were derived from domestic price demand and supply elasticity at average air import quantities and price levels in each importing region. These excess export supply and import demand elasticities were estimated according to Houck, J. (1986) and the work of Koo, W.W. (1985), as shown in equations (8).



[image: image9.wmf]xi

di

di

xi

si

si

xs

Q

Q

e

Q

Q

e

+

=

e



 and
 

[image: image10.wmf]mj

sj

sj

mj

dj

dj

md

Q

Q

e

Q

Q

e

+

=

e



(8)

Where:

εxs = excess or export supply elasticity and εmd = excess or import demand elasticity. es = domestic supply elasticity, ed = domestic demand elasticity, Qs = domestic quantity supplied, and Qd = domestic quantity demanded, in exporting i and importing j regions. Qxi = quantity exported from exporting region and Qmj = quantity imported in importing region.

Based on the elasticity of excess demand and supply, the linear export supply and import demand functions, as specified in equations (7), were estimated using the approach demonstrated by Koo, W.W. (1985). The intercepts and slopes can be derived as follow:
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Where, εxs, εmd, Qm and Qx are defined as before, while Px and Pm are export and import prices at exporting and importing regions respectively. Export Prices are simply the ratio of the export values to the export quantity for each of the U.S. districts. Import prices at each of the import regions were estimated by adding to export prices, transportation cost (Tij) from each export district to the respective import region plus import tariffs (Itj) at each of the importing regions, where the import tariffs are calculated as a product of export price times average ad-valorem regional import tariff rates (
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Px = Exp Value ÷ Exp Quantity
(11)

Pm = Px + Tij + Itj
(12)

Itj = Px x 
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The custom import tariff rates are the median of the regional tariffs for poultry and beef, obtained from the ERS/USDA publication “Profiles of Tariffs in Global Agricultural Markets/AER-796” (2001). The reason for choosing the median import tariff rates is because the median is considered to be a more representative measure for comparing the overall tariff schedule of each region, since is less sensitive to a few extremely high and low rates.

As noted before, in order to estimate the export supply and import demand equations to implement the quadratic programming, we required the following data: 1) Domestic supply and demand elasticities in exporting and importing regions. 2) Quantities supplied, demanded, and consumed in the exporting and importing regions. 3) Average exports and import prices at the exporting and importing regions. 4) Air and fast ship transportation cost between the regions involved in this study.

Domestic elasticities for exporting and importing regions were obtained from the USDA-ERS publication “A Database for Trade Liberalization Studies”, by Sullivan, J. et al. (1991). These elasticities have been used to conduct commodity market modeling for numerous studies on the effect of trade liberalization. The estimated export supply elasticity is assumed to be the same for the 4 export districts in the U.S southeast region.

Total quantities supplied, demanded and consumed in the exporting and importing regions are three-year average (1997-2000) of production, stock change and consumption, obtained from the “Food Balance Sheets of Food and Agriculture Organization (FAO) Statistical and Economic database”. Quantities supplied for each of the 4 U.S. southeast districts and imported into the Latin America and Caribbean regions, are three-year averages  (1997-2000) of the data obtained from the “US Imports and Exports of Merchandise” database, from the Bureau of Census of the U.S. Department of Commerce. The data was extracted by 2 digits commodity codes for beef & veal and poultry. The extracted data were air exports from the following exports districts based on the U.S. custom district divisions: Miami FL, New Orleans LA, Charleston NC/Savannah GA, and Houston/Galveston TX. Data for each of these districts were separated further into observations for trade between each of these districts and the Latin America and Caribbean Regions. Latin America and Caribbean regions were divided in 4 import ports, 1 in Mexico (Puerto Veracruz), 1 in Central America (Puerto Cortes, Honduras), 1 in South America (Caracas, Venezuela) and 1 port in the Caribbean (Port au Prince, Haiti).

Airfreight Transportation cost was calculated as an average of the charges per kilogram between the different regions considered in this study, published by 3 airlines and a cargo forwarder (Northwest Airlines Cargo, United Cargo, Delta Air Lines Cargo and APX Cargo). Fast vessel transportation cost, was estimated based on information gathered from shipbuilders, marine architects and other sources, using economic engineering estimation method, and following the guidelines from the U.S. Department of Transportation, Maritime Administration publication “Calculating Fair and Reasonable Guideline Rates”, and other studies. Based on the cost estimation and a fast vessels commercial and financial viability analysis, it was determined that the catamaran fast ship or a vessel with similar characteristics and cost structure, would be the most appropriate to implement out of 4 vessels and for a route between the regions considered in this study. Consequently, the fast ship cost structure used in this study is based on the fast ship catamaran with a capacity for 44 FEU containers, a total power of 45,000 Kilowatts using gas turbine engines, and a service speed of up to 40 knots, or a vessel with similar characteristics.  

Empirical Results

This study includes one base model, five alternative simulations for transportation cost and 4-import tariff rates reductions to a free scenario. The base model is developed on the basis of estimated import demand and exports supply for three-year average and airfreight transportation rate, and is use as a benchmark against which the results from the other alternatives simulations are compared to. The alternative simulations were implemented by reducing air transportation rates, assuming a reduction equivalent to a given percentage of the cargo being moved by fast vessel, and applying the fast vessel rates to that percentage, for five different scenarios; and by reducing the import tariffs rates from the regional averages to zero tariffs or free trade.  Then, the analysis presented in this study rely on the major assumption that products moved by airfreight and fast vessels are facing the same or at least have similar elasticity of supply and demand, and the same or similar demand and supply functions. This assumption is introduced in order to simplify the analysis, given that such elasticities and functions are unknown and cannot be estimated at this point in time. Further simulations were implemented combining the reduction in transportation rates and the reduction on tariffs to zero rates. In addition, supplementary simulations were done as way of sensitivity analysis using two and three times the estimated elasticities of demand and supply and double the fast vessel transportation cost. However discussions and interpretation of results in this paper are based on simulations with the original elasticities and original estimated transportation costs. 

Model Validation

The validation of the model was done according to McCarl and Spreen (1997). A base model was implemented running a simulation with airfreight transportation cost only. Results, as presented in Appendix Tables 1 through 6, show that the base model was able to replicate closely the original data for quantities and prices. Total air trade between the considered regions represent almost 100% of actual values for beef & veal and 106% for poultry. The model seem to predict better for beef than for poultry, reflected in the percentage of prediction of export and import quantities and prices. Most beef & veal exports and imports specific regional quantities are slightly overestimated (App. Table 1). For poultry, most quantities are overestimated in a larger proportion than for beef (App. Table 2). 

The base model results also shows that from the U.S. southeast districts considered, Miami is the main supplier of beef. Most of this export is absorbed by Mexico and in decreasing quantities by Caribbean, Central, and South America. For poultry, these results indicate that all districts considered in the analysis export poultry in almost the same proportion, where Miami supplies considerably more than expected. Most poultry import values are closely replicated for Latin America and Caribbean, except for Mexico, which imports more than expected. These results are congruent with actual data.

Specific beef & veal quantity flows between different U.S. southeast districts, L.A., and Caribbean ports are mostly underestimated, with a percentage variation of zero to 312% (App. Table 3). The model is not able to simulate effectively low current flows, since they are associated with extremely low and high estimations. For example, an actual quantity exported or imported below 5 MT is estimate as zero flow or a quantity larger than the actual value, as in the case of New Orleans-Central America, Savannah/Charleston-Caribbean and Houston-South America flows, which are overestimated. For poultry, most flows are slightly overestimated (App. Table 4), with Miami-Mexico being overestimated with more than double the actual flow, and Savannah/Charleston-Central America and with Caribbean are considerably underestimated. Low estimates correspond to low current flows.

In terms of prices, the base model closely replicate most import and export prices for beef & veal, being New Orleans export price the highest with an overestimation of 1.2% (App. Table 5). Poultry prices (App. Table 6) are not replicated as well as in beef, and they are underestimated by –13.2% in the case of Miami export price, and -11.1% for Central America import price, while export price for Savannah/Charleston is predicted almost accurately for both, beef and poultry. 

Predictive performance was tested using the Theil “U” inequality coefficient, which is a non-parametric goodness of fit test, commonly use in mathematical programming (Leuthold, 1975). This test measures the prediction or forecasting accuracy of a model. A coefficient close to zero indicates an almost perfect prediction, while a value near 1 corresponds to near perfect inequality or negative proportionality between the actual and predictive values. In this study, this coefficient comes to corroborate the findings according to the model predictions for quantities, prices and flows (Appendix Tables 1 through 6).

Alternative Model Simulations

Alternative scenarios are the ones in which reductions in transportation cost were incorporated. These reductions are induced by the introduction of fast displacement vessel which is assumed to be facing the same demand and supply function as air freight, therefore the total transportation cost account for a weighted average of airfreight cost and fast vessel freight cost. This implies that airfreight moves a given percentage of the commodity and the rest is transported by fast vessel. The five scenarios considered are a combination of 90%-10%, 80%-20%, 70%-30%, 60%-40%, and 50%-50%, where the first number represents the percentage of commodities transported by air freight and the second the percentage of fast vessel. Transportation industry experts estimate that the introduction of fast vessel service could be capable of diverting cargo from air to fast ship by 8% to 15%. These estimates are based on fast vessels transatlantic trip between U.S. east coast and Europe. However, it is expected in this study that fast vessel may be capable of diverting up to 50% of air cargo between the U.S. southeast districts and Latin America regions, given the relative short distances between ports, which would allow fast vessels to achieve daily trips in some cases and consequently be more competitive with air transport. Alternative simulations results with changes in transportation cost (Appendix Tables 7 and 8), show that as the percentage of cargo moved by fast vessel increases, the total flow between the U.S. southeast region and Latin America also increases by a maximum of 6.1% for beef & veal and 39.6% for poultry, when 50% of the commodity is moved by fast vessel, relative to the base model. 

For beef & veal (App. Table 7), most of this increase comes from increasing imports in South America and Mexico, at the expense of reducing imports in the Caribbean and Central America by -6.2% and -3.5 respectively. This increase is matched by increasing exports in all U.S. southeast districts with Houston/Galveston having the largest increase. Looking at the specific U.S. districts and L.A. regions flows, exports are diverted from Miami to other L.A. ports reducing exports/imports between Miami and Central America by -4.2%, and Miami and Caribbean by -7.4%. With respect to prices beef & veal model results show that by reducing transportation cost, import prices are reduced by 1.5% in Mexico and South America importing regions, when fast vessels move 50% of the flow. In the case of Central America and Caribbean, import prices are increased with the highest increase of 1.9% in Caribbean, relative to the base model. Export prices increase as expected for all districts, with Houston/Galveston District suffering the highest increase of 12.2%, when fast vessels move 50% of the flow.

It is important to notice that results in the case of Central America and the Caribbean import quantities and prices for beef and veal are not as expected. As transportation cost is reduced import prices are expected to decrease and quantity imported to increase, nonetheless the model shows an opposite effect for prices and quantities in both of these regions. The reason for this reduction in quantity is that import prices in these two regions are increasing as transportation cost is reduced. These prices are increasing because the reduction in transportation cost induce an increase in export prices in all exporting districts and since in this model import tariffs in importing regions are estimated based on the export prices as described in formula 12, the increase in these taxes are larger than the reduction in transportation cost, given the high ad-valorem tariff rates imposed by these two regions (65% and 90% respectively). Therefore the increase in import tariffs more than compensate for the reduction in transportation cost induced by the introduction of fast vessel, causing the import prices to increase and consequently import quantities to reduce, despite the reduction in transportation cost. However the total quantity exported and imported by all regions are increased as expected. Simulations for reductions in transportation rates with no tariffs corroborate these findings.

For poultry (App. Table 8), most of the flow increase comes from increasing imports in South America by 124%, matched by increasing exports from Savannah/Charleston and Miami. In terms of specific districts-foreign regions flows, there is a diversion of exports from Miami and Houston/Galveston to the other regions in favor of South America at the expense of reducing the flow between Miami-Mexico and Galveston-South America. Mexico is the most affected since imports from Miami are reduced by 100% to zero flow, but this reduction is more than compensate with increasing exports from Houston/Galveston to Mexico, when 50% of the commodity is moved by fast vessel. The effect on prices, as result of reducing transportation cost, are as expected. Import prices are reduced in all importing regions, with Mexico and South America having the largest reduction of 9.0% and 7.2% respectively, while Central America and Caribbean prices are reduced by 3.1% and 3.4%. Export prices increase for all the exporting regions, where Miami and Savannah/Charleston, suffer the largest increase.

Another alternative scenarios, involved changes in import tariff rates in importing regions. These tariff rates vary among Latin American regions, being the lowest one from Mexico, and the highest from Caribbean. Four scenarios were simulated, which includes a reduction in the tariffs rates by 25%, 50%, 75% and 100% of the average regional tariff rates for beef & veal and poultry. The reduction in tariff rates is expected to have a similar effect as the reduction in transportation cost. That is, as the tariff rates are reduced, import prices also reduce and the flow of commodities increase. Results (Appendix Tables 9 and 10), shows that, as expected, tariff rates reduction increased the flow of commodities to a maximum of 18.5% for beef and veal and 78.2% for poultry, when tariffs are reduced by 100% of the original average rates to zero tariff. With a more conservative scenario of 50% reduction in the average regional tariffs, the overall flow increase is more modest with an 8.2% increase for beef and veal, and 37% for poultry.

 Most of the increase of beef and veal flow comes from an increased demand in the Caribbean and Central America regions (App. Table 9). This increase is matched by increasing supply in all U.S. exporting districts in an almost equal proportion. In terms of U.S. southeast districts and L.A. regions specific flows, results indicate that such flows are constantly increasing as the average tariff rates are reduced, except for Miami-Mexico flow which is constantly reducing to a maximum of -1.9% when tariffs are reduced to zero, indicating that there is a diversion of exports from Miami to the other L.A. regions, at the expense of Mexico. This diversion is partially the result of the large import price reduction in Caribbean and Central America. Also the reduction in the Miami-Mexico flow is more than compensated by an increase in the Houston/Galveston-Mexico flow.

For poultry, the flow increase comes from an increase demand in South America followed by Central America and the Caribbean; and is supplied by an increase in exports from Savannah/Charleston, followed by Houston/Galveston and Miami which increase in almost the same proportion (App. Table 10). In the case of flow specific, again there is a diversion of exports from Miami and Savannah/Charleston to other regions, at the expense of reducing exports to Mexico, and the Caribbean respectively by as much as 100% in the case of Miami-Mexico and Miami-Caribbean. All other flows are increased, with the highest flow increase of 266% for Miami-South America.

The effect of tariffs reduction on prices is expected to be greater than the transport cost reduction, given the fact that import tariffs makes up for a higher percentage of import prices, relative to transportation cost. As expected, import prices are constantly reduced across the board as import tariff rates decline, with beef & veal price reductions ranging from 0.4% for Mexico to 28.5% for the Caribbean, and from 30.6% for Caribbean to 8.1% for Mexico for poultry, when tariffs rates are reduced to 0%. Is important to point out that larger reduction in import prices are associated with high import tariff rates regions, like Central America and the Caribbean, and low import price reduction with low import tariff rate.  Export prices increased as expected also, at an almost constant rate of over 26% for beef and veal and 12 % for poultry, in all export districts, relative to the base model.

Sensitivity Analysis

The objective of the sensitivity analysis was to make a quantitative assessment of the relative importance of some factors that affect exports and imports. Of particular interest, were two factors considered in this study: transportation cost and elasticities. Therefore sensitivity analysis were done on the following parameters: 1) Fast vessels transportation cost; and 2) demand and supply elasticities.

Fat vessels transportation cost was doubled to see how sensitive was the model results to an increase in fast vessels transportation rates. Results show that when fast vessels transportation rates increase by 100%, the simulated export/import quantities resulting from reduction in the overall transportation cost, are decreased by about 50%, compared to the simulations with the original estimated fast vessel transportation cost. Also given that the transportation cost between specific district-region varies, then the specific district-regional flows are affected in larger proportion, some more than others, relative to the total flows, causing many shifts in the districts-regions specific flows. Regional prices are also affected, in some cases in large proportion of around 50% and in other the effect is minimum or no change at all. The reason for the sensitivity analysis with double fast vessel transportation cost is that the estimated fast vessel cost may not reflect the actual transportation cost for this technology.

The elasticities of demand and supply were simulated using 2 and 3 times the original estimated elasticity. These changes have an effect on the total regional quantities in a proportion similar to the increase in elasticities, when the transportation rate reduction is simulated, and relative to the simulation with the original estimated elasticities. That is if elasticities were double, the total quantities exported/imported were also almost doubled compared to the simulations with the original estimated elasticities. District-region specific flows are affected in larger proportion, causing a lot of shifts in the interregional flows.  Prices do not seem to be affected especially with double elasticities; and with triple elasticities these changes are negligible. The simulation with double and triple elasticities and the tariffs reductions, have the same behavior as the transportation rates reduction. That is they are almost double and triplicate according to the changing magnitude of the elasticity. The reason for the sensitivity analysis using two and three times the original estimated elasticities, is that given the unavailability of actual data in the foreign regions, there is a concern that the estimated import elasticities may not reflect the actual elasticity for products moved by airfreight. 

Conclussions, Implications and limitations

The reduction in transportation cost resulted from the introduction of fast ship transportation mode, which is assumed to be competitive with airfreight, is expected to have an impact in producer and consumer surplus through the increase in total interregional commodity flows, specifically on exports from the U.S. and imports in Latin America and Caribbean. This expected increase is the result of the probable reduction in import prices, and the consequently increase in export prices for high value and perishable commodities, relative to the existing transportation cost structure.

Results from the model shows, as expected, that the reduction in transportation cost will have a positive impact in the flow of high value and perishable commodities, increasing trade up to 6.1% for beef and 39.6% for poultry when 50% of the total commodity traded is moved by fast vessels. The implications of these results, is that it will be necessary to introduce a transportation service capable to absorbed this potential increase, since air transportation alone is not capable of, given the high cost and its limited capacity for the Latin America and Caribbean regions.

Results also show that in the case of Central America and the Caribbean, opposite to what was expected, imported quantities decrease as transportation cost is reduced, given that import prices are increase due to the high tariffs rate imposed in these regions. The implication of this results, is that in order for the countries in these region to benefits from the introduction of fast ship transportation technology and the consequently reduction in transportation cost, will be necessary for these countries to reduce import tariffs rates, at least to a point where the reduction in transportation cost is greater or at least equal to the increase in import taxes, to reduce import prices and increase import quantities and consumption.

According to the “US Imports and Exports of Merchandise” database for year 2000, the quantity traded between U.S. southeast region, Latin America and Caribbean by air amounted to 792.3 thousand MT. If this amount increases by as much as 39.6% (according to the simulation for poultry) due the introduction of fast vessels, then the total quantity of high value and perishable commodities traded will increase to a total of 1,101.3 thousand MT. The implication of this assumption is that if fast vessel absorbs 15% of this total, it will represent about 165.2 thousand MT. Then if we assume further that this cargo is distributed equitably across the year, and 191 vessel trips per year, with a capacity of approximately 638 MT per trip (for a high speed catamaran with 80% load factor), at least two vessel will be necessary to move this cargo. Furthermore, if the fast vessel absorbed 50% of the total, then at least five vessels will be necessary to move this cargo. 

Based on the whole set of assumptions used in the development of this model and according to the fast vessels cost estimates, indicates that fast vessel transportation cost can be as much as 60% lower than air freight for the routes considered in this study. Also according to this estimated cost and on a financial/commercial viability analysis, suggests that it is possible to obtain returns above the required to service the debt incurred by the implementation of this service, and still compensate investors for their risk, even under some unfavorable assumptions. These cost and financial analyses complemented with the economic analysis, indicates that that it is possible for fast vessel service to be viable and even profitable, and at the same time increase social welfare by increasing the amount of traded goods between the regions involved in the analysis, benefiting producers and consumers in these regions.

Even though, these results seem to be promissory, it is imperative to be cautious about these conclusions, given the limitations in this analysis, some inherited in the modeling process and in the cost, financial, and economic analysis; but more important are the limitations in data with regard to flows and the cost of the products that must rely on a technology that is still being developed and not yet implemented. These limitations, together with the uncertainties associated with the estimation of the elasticity of demand and supply for actual and new products resulting from the introduction of this technology, suggests that it would be reasonable to be cautious about such conclusions. 

Furthermore, some questions remained unanswered, especially questions regarding the appropriate demand for this service. In order to answer this question it is necessary to obtain actual observations of this type of service, or at least observations from shipping services with similar characteristics and attributes to fast vessels. However, Given that such services do not exist, then the lack of these observations makes it impossible to estimate such demand more accurately; and any estimates based on conventional and/or airfreight observations may create uncertainties about the accuracy of fast vessels demand and price.

In spite of the limitations and constraints stated previously, the model developed in this study provides a comprehensive basis for studying the effect of transportation cost and average import tariffs reduction on the flow of high value and perishable commodities between the regions involved in the analysis. These results can provide perspective for the transportation industry and governments as they consider the implications of trade globalization and any other policy reform that involve the expansion of trade.

Then the question that remains is: what should be done next? Given that the analysis in this study do not consider a number of complementary services that have an effect in the transportation cost and therefore the financial and economic viability for the implementation of this service, (like port infrastructure, transportation cost from production region to export ports and from importing ports to consuming regions) and the reaction of air freight industry to the introduction of this technology, then a natural step to take is to develop a study that can account for these factor left out, to make a better approximation of the total cost involved in transporting commodities with this technology and the consequently influence in prices and demand for the goods moved by this service and for the service itself.

Now given that the service do not exist, and it seem that it will take a few years before its implementation, implies that any analysis done in the near future will have to rely on data and information available from the other two extremes of the transportation service spectrum, that is, regular ocean freight and airfreight, with the knowledge that the new technology cost and other parameters like elasticities, will be somewhere between the parameters of the observed two extremes; and based on these estimates, perform any pertinent analysis until better reliable data and information for this technology becomes available, which is not known when. 
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Appendix Table 1 - Validation Results: Base Model Estimates and Actual Beef 

Quantities Flow.

Export Ports
Actual

Quantity
Estimated

Quantity
Estimated Percentage
Absolute

Deviation
Percentage

Deviation
Theil “U” Statistics

Savannah/Charleston 
4.28
4.28
99.9%
0.00
-0.1%
0.0005

Miami
349.63
349.30
99.9%
-0.33
-0.1%
0.0005

New Orleans
2.31
2.33
100.7%
0.02
0.7%
0.0034

Houston/Galveston
59.50
59.66
100.3%
0.16
0.3%
0.0013

Import Ports







Mexico
310.03
310.51
100.2%
0.48
0.2%
0.0008

Central America
32.97
32.19
97.6%
-0.78
-2.4%
0.0119

South America
27.95
27.96
100.0%
0.01
0.0%
0.0001

Caribbean 
44.77
44.90
100.3%
0.13
0.3%
0.0015

Total Exports
415.72
415.56
100.0%
-0.16
0.0%
0.0002

Total Imports
415.72
415.56
100.0%
-0.16
0.0%
0.0002

Appendix Table 2 - Validation Results: Base Model Estimates and Actual Poultry 

Quantities Flow.

Export Ports
Actual

Quantity
Estimated

Quantity
Estimated Percentage
Absolute

Deviation
Percentage

Deviation
Theil “U” Statistics

Savannah/Charleston
129.64
129.82
100.1%
0.18
0.1%
0.0007

Miami
130.78
150.06
114.7%
19.28
14.7%
0.0687

Houston/Galveston
141.94
146.55
103.2%
4.61
3.2%
0.0160

Import Ports







Mexico
108.69
131.45
120.9%
22.76
20.9%
0.0948

Central America
69.06
68.01
98.5%
-1.05
-1.5%
0.0076

South America
95.91
99.36
103.6%
3.45
3.6%
0.0177

Caribbean 
128.70
127.60
99.1%
-1.10
-0.9%
0.0043

Total Exports
402.36
426.43
106.0%
24.07
6.0%
0.0290

Total Imports
402.36
426.43
106.0%
24.07
6.0%
0.0290

Appendix Table 3 - Validation Results: Specific Districts-Regions Estimates and Actual 

Beef Flows.

Quantity Flows
Actual

Quantity
Estimated

Quantity
Estimated Percentage
Absolute

Deviation
Percentage

Deviation
Theil “U” Statistics

Miami-Mexico
254.5
259.73
102.1%
5.23
2.1%
0.01

New Orleans-Mexico
0.91
0.00
0.0%
-0.91
-100.0%
1.0

Houston/Galv-Mexico
54.62
50.78
93.0%
-3.84
-7.0%
0.0364

Savannah-C. America
0.65
0.00
0.0%
-0.65
-100.0%
1.0

Miami-C. America
30.92
29.87
96.6%
-1.05
-3.4%
0.0173

New Orleans-C. America
1.4
2.33
166.1%
0.93
66.1%
0.2485

Savannah-S. America
2.26
0.00
0.0%
-2.26
-100.0%
1.0

Miami-S. America
20.81
19.08
91.7%
-1.73
-8.3%
0.0434

Houston- S. America
4.88
8.88
181.9%
4.00
81.9%
0.2906

Savannah-Caribbean
1.37
4.28
312.1%
2.91
212.1%
0.5147

Miami-Caribbean
43.4
40.63
93.6%
-2.77
-6.4%
0.0330

Appendix Table 4 - Validation Results: Specific Districts-Regions Estimates and Actual 

Poultry Flows. 

Quantity Flows
Actual

Quantity
Estimated

Quantity
Estimated Percentage
Absolute

Deviation
Percentage

Deviation
Theil “U” Statistics

Miami-Mexico
16.15
39.99
247.6%
23.84
147.6%
0.425

Houston/Galv. -Mexico
92.54
91.46
98.8%
-1.08
-1.2%
0.0059

Savannah-C. America
3.35
1.80
53.7%
-1.55
-46.3%
0.3016

Miami-C. America
65.71
66.22
100.8%
0.51
0.8%
0.0038

Savannah-S. America
58.59
59.96
102.3%
1.37
2.3%
0.0116

Miami-S. America
37.32
39.40
105.6%
2.08
5.6%
0.0271

Houston-Caribbean
49.40
55.08
111.5%
5.68
11.5%
0.0544

Savannah-Caribbean.
67.7
68.05
100.5%
0.35
0.5%
0.0026

Miami-Caribbean.
11.6
4.46
38.4%
-7.14
-61.6%
0.4446

Appendix Table 5 - Validation Results: Base Model Estimation and Actual Regional 

Beef Prices.

Export Prices at
Actual

Prices
Estimated

Prices
Estimated Percentage
Absolute

Deviation
Percentage

Deviation
Theil “U” Statistics

Savannah/Charleston 
3080.1
3082.41
100.1%
2.35
0.1%
0.0004

Miami
3098.4
3094.39
99.9%
-4.04
-0.1%
0.0007

New Orleans
3043.0
3080.59
101.2%
37.55
1.2%
0.0061

Houston/Galveston
2961.3
2973.00
100.4%
11.75
0.4%
0.0020

Import Prices







Mexico
5129.1
5127.66
100.0%
-1.39
0.0%
0.0001

Central America
6082.4
6128.53
100.8%
46.14
0.8%
0.0038

South America
5490.8
5490.21
100.0%
-0.56
0.0%
0.0001

Caribbean 
6908.7
6902.13
99.9%
-6.60
-0.1%
0.0005

Appendix Table 6 - Validation Results: Base Model Estimation and Actual Regional 

Poultry Prices.

Export Prices at
Actual

Price
Estimated

Price
Estimated Percentage
Absolute

Deviation
Percentage

Deviation
Theil “U” Statistics

Savannah/Charleston 
1601.3
1601.56
100.0%
0.31
0.0%
0.0001

Miami
1857.9
1613.55
86.8%
-244.35
-13.2%
0.0704

Houston/Galveston
1579.2
1597.76
101.2%
18.56
1.2%
0.0058

Import Prices at







Mexico
3402.0
3024.86
88.9%
-377.14
-11.1%
0.0587

Central America
4047.9
3636.80
89.8%
-411.10
-10.2%
0.0535

South America
3778.0
3491.07
92.4%
-286.93
-7.6%
0.0395

Caribbean 
4093.0
4088.52
99.9%
-4.45
-0.1%
0.0005

Appendix Table 7 – Beef Trade Simulation Results with Transportation Rates Reduction, Due to the Introduction of Fast 

 Ships Transportation Mode, Between U.S. Southeast, Latin America, and Caribbean Regions, Relative to 

 Air Trade Only. 

Quantity flow (MT’s)
Base Model
90%-10%*
%Change
80%-20%
% Change
70%-30%
% Change
60%-40%
% Change
50%-50%
% Change

Miami-Mexico
259.73
264.03
1.7%
268.35
3.3%
272.66
5.0%
276.97
6.6%
281.28
8.3%

New Orleans-Mexico
0.00
0.00

0.00

0.00

0.00

0.00


Houston-Mexico
50.78
51.80
2.0%
52.82
4.0%
53.85
6.0%
54.87
8.0%
55.89
10.1%

Savannah-C. America
0.00
0.00

0.00

0.00

0.00

0.00


Miami-C. America
29.87
29.62
-0.8%
29.36
-1.7%
29.11
-2.5%
28.85
-3.4%
28.60
-4.2%

New Orleans-C. America
2.33
2.35
1.1%
2.38
2.5%
2.41

2.45
5.1%
2.48
6.5%

Savannah-S. America
0.00
0.00

0.00

0.00

0.00

0.00


Miami-S. America
19.08
19.61
2.8%
20.15
5.6%
20.68
8.4%
21.22
11.2%
21.75
14.0%

Houston-S. America
8.88
8.88
0.0%
8.88
0.0%
8.88
0.0%
8.88
0.0%
8.88
0.0%

Savannah-Caribbean.
4.28
4.32
1.1%
4.37
2.2%
4.42
3.3%
4.46
4.4%
4.51
5.4%

Miami-Caribbean.
40.63
40.02
-1.5%
39.42
-3.0%
38.82
-4.5%
38.21
-5.9%
37.61
-7.4%

Import Price ($/MT) at












Mexico
5127.66
5112.08
-0.3%
5096.50
-0.6%
5080.91
-0.9%
5065.32
-1.2%
5049.73
-1.5%

Central America.
6128.53
6141.97
0.22%
6155.40
0.4%
6168.82
0.7%
6182.25
0.9%
6195.67
1.1%

South America
5490.21
5473.31
-0.3%
5456.40
-0.6%
5439.49
-0.9%
5422.57
-1.2%
5405.66
-1.5%

Caribbean
6902.13
6927.96
0.4%
6953.79
0.7%
6979.61
1.1%
7005.43
1.5%
7031.25
1.9%

Export Price ($/MT) at












Savannah/Charleston
3082.41
3130.22
1.6%
3178.03
3.1%
3225.84
4.7%
3273.65
6.2%
3321.46
7.8%

Miami
3094.39
3144.80
1.6%
3195.19
3.3%
3245.59
4.9%
3295.99
6.5%
3346.38
8.1%

New Orleans
3080.59
3131.16
1.6%
3189.31
3.5%
3247.46
5.4%
3305.60
7.3%
3363.75
9.2%

Houston/Galveston
2973.00
3045.49
2.4%
3117.96
4.9%
3190.44
7.3%
3262.92
9.8%
3335.40
12.2%

Export Quantity (MT) at












Savannah/Charleston
4.28
4.32
1.1%
4.37
2.2%
4.42
3.3%
4.46
4.4%
4.51
5.4%

Miami
349.30
353.29
1.1%
357.28
2.3%
361.26
3.4%
365.25
4.6%
369.24
5.7%

New Orleans
2.33
2.35
1.2%
2.38
2.5%
2.41
3.8%
2.45
5.1%
2.48
6.5%

Houston/G
59.66
60.68
1.7%
61.70
3.4%
62.72
5.1%
63.75
6.8%
64.77
8.6%

Import Quantity (MT) at












Mexico
310.51
315.84
1.7%
321.17
3.4%
326.50
5.2%
331.84
6.9%
337.17
8.6%

Central America
32.19
31.97
-0.7%
31.75
-1.4%
31.52
-2.1%
31.30
-2.8%
31.07
-3.5%

South America
27.96
28.49
1.9%
29.03
3.8%
29.56
5.7%
30.10
7.7%
30.63
9.6%

Caribbean
44.90
44.35
-1.2%
43.79
-2.5%
43.23
-3.7%
42.67
-5.0%
42.12
-6.2%

Total Exports/Imports
415.56
420.64
1.2%
425.73
2.4%
430.82
3.7%
435.91
4.9%
441.00
6.1%

*Transportation rate reduction is induced by the introduction of Fast Vessels, assuming that these vessels transport a given percentage of the cargo, i.e. in 90%-10% scenario, 10% of the   cargo is transported by Fast Vessels
Appendix Table 8 – Poultry Trade Simulation Results with Transportation Rates Reduction, Due to the Introduction of Fast 

 Ships Transportation Mode, Between U.S. Southeast, Latin America, and Caribbean Regions, Relative to 

 Air Trade Only. 

Quantity flow (MT)
Base Model
90%-10%
%Change
80%-20%
% Change
70%-30%
% Change
60%-40%
% Change
50%-50%
% Change

Miami-Mexico
39.99
0.00
-100.0%
0.45
-98.9%
0.00
-100.0%
3.59
-91.0%
0.00
-100.0%

Houston-Mexico
91.46
137.40
50.2%
142.93
56.3%
149.32
63.3%
151.67
65.8%
161.19
76.2%

Savannah-C. America
1.80
0.00

0.90

0.00

3.59

3.35


Miami-C. America
66.22
69.44
4.9%
69.95
5.6%
72.29
9.2%
70.15
5.9%
71.82
8.5%

Savannah-S. America
59.96
33.39

44.26

56.49

68.27

76.69


Miami-S. America
39.40
90.62
130.0%
104.26
164.6%
116.76
196.4%
129.71
229.2%
146.02
270.6%

Houston-S. America
55.08
17.58
-68.1%
20.36
-63.0%
22.47
-59.2%
28.63
-48.0%
27.61
-49.9%

Savannah-Caribbean.
68.05
107.25
57.6%
106.19
56.0%
105.74
55.4%
101.27
48.8%
103.96
52.8%

Miami-Caribbean.
4.46
4.46
0.0%
4.46
0.0%
4.46
0.0%
4.46
0.0%
4.46
0.0%

Import Price ($/MT) at












Mexico
3024.86
2970.55
-1.8%
2915.97
-3.6%
2861.80
-5.4%
2807.63
-7.2%
2753.46
-9.0%

Central America.
3636.80
3614.41
-0.62%
3592.39
-1.2%
3569.81
-1.8%
3547.22
-2.5%
3524.64
-3.1%

South America
3491.07
3440.90
-1.4%
3391.03
-2.9%
3340.70
-4.3%
3290.37
-5.7%
3240.04
-7.2%

Caribbean
4088.52
4060.98
-0.7%
4033.03
-1.4%
4005.70
-2.0%
3978.37
-2.7%
3951.04
-3.4%

Export Price ($/MT) at












Savannah/Charleston
1601.56
1621.28
1.2%
1640.79
2.4%
1660.62
3.7%
1680.46
4.9%
1700.29
6.2%

Miami
1613.55
1639.31
1.6%
1665.29
3.2%
1690.94
4.8%
1716.58
6.4%
1742.22
8.0%

Houston/Galveston
1597.76
1611.70
0.9%
1625.42
1.7%
1639.47
2.6%
1653.52
3.5%
1667.56
4.4%

Export Quantity (MT) at












Savannah/Charleston
129.82
140.64
8.3%
151.35
16.6%
162.24
25.0%
173.12
33.4%
184.01
41.7%

Miami
150.06
164.53
9.6%
179.11
19.4%
193.51
29.0%
207.91
38.5%
222.30
48.1%

Houston/G
146.55
154.98
5.8%
163.29
11.4%
171.79
17.2%
180.30
23.0%
188.80
28.8%

Import Quantity (MT) at












Mexico
131.45
137.40
4.5%
143.38
9.1%
149.32
13.6%
155.26
18.1%
161.19
22.6%

Central America
68.01
69.44
2.1%
70.85
4.2%
72.29
6.3%
73.73
8.4%
75.18
10.5%

South America
99.36
124.02
24.8%
148.52
49.5%
173.25
74.4%
197.98
99.3%
222.71
124.1%

Caribbean
127.60
129.29
1.3%
131.00
2.7%
132.68
4.0%
134.35
5.3%
136.03
6.6%

Total Exports/Imports
426.43
460.15
7.9%
493.75
15.8%
527.54
23.7%
561.32
31.6%
595.11
39.6%

*Transportation rate reduction is induced by the introduction of Fast Vessels, assuming that these vessels transport a given percentage of the cargo, i.e. in 90%-10% scenario, 10% of the   cargo is transported by Fast Vessels
Appendix Table 9 – Beef Trade Simulation Results Between U.S. Southeast, Latin America, and Caribbean Regions, with 

 Import Tariffs Rates Reduction

Quantity Flow (MT)
Base Model
75% tariff
% Change
50% tariff
% Change
25% tariff
% Change
0% tariff
% Change

Miami-Mexico
259.73
258.72
-0.4%
257.59
-0.8%
256.33
-1.3%
254.89
-1.9%

New Orleans-Mexico
0.00
0.00

0.00

0.00

0.00


Houston-Mexico
50.78
53.09
4.5%
55.66
9.6%
58.56
15.3%
61.84
21.8%

Savannah-C. America
0.00
0.00

0.00

0.00

0.00


Miami-C. America
29.87
33.93
13.6%
38.46
28.8%
43.56
45.8%
49.33
65.2%

New Orleans-C. America
2.33
2.42
3.9%
2.52
8.2%
2.63
13.0%
2.76
18.5%

Savannah-S. America
0.00
0.00

0.00

0.00

0.00


Miami-S. America
19.08
20.83
9.2%
22.79
19.5%
25.00
31.0%
27.49
44.1%

Houston-S. America
8.88
8.88
0.0%
8.88
0.0%
8.88
0.0%
8.88
0.0%

Savannah-Caribbean.
4.28
4.44
3.8%
4.62
8.1%
4.83
12.9%
5.06
18.4%

Miami-Caribbean.
40.63
49.32
21.4%
59.02
45.3%
69.93
72.1%
82.28
102.5%

Import Price ($/MT) at










Mexico
5127.66
5123.86
-0.1%
5119.62
-0.2%
5114.86
-0.2%
5109.47
-0.4%

Central America.
6128.53
5879.37
-4.1%
5601.14
-8.6%
5288.45
-13.7%
4934.47
-19.5%

South America
5490.21
5434.76
-1.0%
5372.84
-2.1%
5303.25
-3.4%
5224.47
-4.8%

Caribbean
6902.13
6491.55
-5.9%
6033.06
-12.6%
5517.79
-20.1%
4934.47
-28.5%

Export Price ($/MT) at










Savannah/Charleston
3082.41
3251.34
5.5%
3439.66
11.6%
3650.80
18.4%
3888.91
26.2%

Miami
3094.39
3264.93
5.5%
3455.37
11.7%
3669.39
18.6%
3911.69
26.4%

New Orleans
3080.59
3249.62
5.5%
3438.18
11.6%
3649.80
18.5%
3888.91
26.2%

Houston/Galveston
2973.00
3136.73
5.5%
3319.54
11.7%
3524.97
18.6%
3757.52
26.4%

Export Quantity (MT) at










Savannah/Charleston
4.28
4.44
3.8%
4.62
8.1%
4.83
12.9%
5.06
18.4%

Miami
349.30
362.80
3.9%
377.87
8.2%
394.81
13.0%
413.99
18.5%

New Orleans
2.33
2.42
3.9%
2.52
8.2%
2.63
13.0%
2.76
18.5%

Houston/G
59.66
61.97
3.9%
64.54
8.2%
67.44
13.0%
70.72
18.5%

Import Quantity (MT) at










Mexico
310.51
311.81
0.4%
313.26
0.9%
314.89
1.4%
316.73
2.0%

Central America
32.19
36.34
12.9%
40.98
27.3%
46.19
43.5%
52.08
61.8%

South America
27.96
29.71
6.3%
31.67
13.3%
33.88
21.2%
36.37
30.1%

Caribbean
44.90
53.76
19.7%
63.65
41.7%
74.76
66.5%
87.34
94.5%

Total Exports/Imports
415.56
431.62
3.9%
449.55
8.2%
469.71
13.0%
492.53
18.5%

*Tariffs rate reduction are assumed for 4 different scenarios to zero tariffs or free trade, in reduction by 25% of the original average tariffs for each importing region
Appendix Table 10 – Poultry Trade Simulation Results Between U.S. Southeast, Latin America, and Caribbean Regions, with 

Import Tariffs Rates Reduction

Quantity flow (MT)
Base Model
75% tariff
% Change
50% tariff
% Change
25% tariff
% Change
0% tariff
% Change

Miami-Mexico
39.99
0.00
-100.0%
0.00
-100.0%
0.00
-100.0%
0.00
-100.0%

Houston-Mexico
91.46
137.53
50.4%
143.91
57.3%
150.70
64.8%
158.29
73.1%

Savannah-C. America
1.80
0.00

0.00

0.00

0.10


Miami-C. America
66.22
80.35
21.3%
93.44
41.1%
107.32
62.1%
122.16
84.5%

Savannah-S. America
59.96
48.68

77.62

107.86

130.69


Miami-S. America
39.40
91.29
131.7%
105.57
168.0%
120.95
207.0%
144.30
266.3%

Houston-S. America
55.08
35.38
-35.8%
57.05
3.6%
79.71
44.7%
101.11
83.6%

Savannah-Caribbean.
68.05
105.33
54.8%
102.19
50.2%
99.16
45.7%
103.24
51.7%

Miami-Caribbean.
4.46
4.46
0.0%
4.46
0.0%
4.46
0.0%
0.00
-100.0%

Import Price ($/MT) at










Mexico
3024.86
2969.39
-1.8%
2911.20
-3.8%
2849.22
-5.8%
2779.92
-8.1%

Central America.
3636.80
3443.59
-5.3%
3238.45
-11.0%
3021.03
-16.9%
2787.15
-23.4%

South America
3491.07
3408.44
-2.4%
3320.48
-4.9%
3227.65
-7.5%
3133.65
-10.2%

Caribbean
4088.52
3801.99
-7.0%
3499.88
-14.4%
3179.76
-22.2%
2836.99
-30.6%

Export Price ($/MT) at










Savannah/Charleston
1601.56
1645.63
2.8%
1692.63
5.7%
1742.21
8.8%
1791.43
11.9%

Miami
1613.55
1659.92
2.9%
1708.68
5.9%
1760.80
9.1%
1820.86
12.8%

Houston/Galveston
1597.76
1641.32
2.7%
1687.65
5.6%
1736.31
8.7%
1784.21
11.7%

Export Quantity (MT) at










Savannah/Charleston
129.82
154.01
18.6%
179.81
38.5%
207.02
59.5%
234.04
80.3%

Miami
150.06
176.10
17.3%
203.47
35.6%
232.73
55.1%
266.45
77.6%

Houston/G
146.55
172.91
18.0%
200.96
37.1%
230.41
57.2%
259.40
77.0%

Import Quantity (MT) at










Mexico
131.45
137.53
4.6%
143.91
9.5%
150.70
14.6%
158.29
20.4%

Central America
68.01
80.35
18.1%
93.44
37.4%
107.32
57.8%
122.26
79.7%

South America
99.36
139.97
40.9%
183.19
84.4%
228.80
130.3%
274.99
176.8%

Caribbean
127.60
145.17
13.8%
163.70
28.3%
183.33
43.7%
204.35
60.2%

Total Exports/Imports
426.43
503.02
18.0%
584.24
37.0%
670.16
57.2%
759.89
78.2%

*Tariffs rate reduction are assumed for 4 different scenarios to zero tariffs or free trade, in reduction by 25% of the original average tariffs for each importing region
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