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Motivation

"MARAD concluded that it was unable to provide the 
requested comparison of the most congested ports in terms 
of operational efficiency due to a lack of consistent national 
port efficiency data … comparing port efficiency would 
require the creation of new methodologies and the collection 
of data that were not available for this report." 

(U.S. Department of Transportation, Maritime Administration Report to 
Congress on the Performance of Ports and the Intermodal System, June 
2005, p. 8 )



Motivation

Why should we care about port efficiency and 
comparisons across ports?

– Port authorities want to gauge their competitiveness relative 
to other ports.

– Policymakers need such measures to determine where to 
allocate resources and how those resources are used by 
ports over time.

– National defense concerns.



Previous Literature

Surveys of port efficiency

– Example: Global Competitiveness Report where firms rank 
world ports in terms of efficiency from 1 to 7

– Drawbacks
Relies on qualitative perceptions.  For example, respondents 
may confound ranking of ports with other attributes of country.
Costly to administer and, as a result, very limited coverage in 
terms of ports and years. 



Previous Literature

Data Envelopment Analysis (DEA)

– Uses data on inputs, outputs and production function theory 
to derive an estimate of the most efficient production frontier

– Drawbacks
Functional form assumptions.
No standard errors to gauge statistical confidence.
Results can be easily driven by outliers.
Strong data requirements again limits coverage. 
Does not capture efficiency related to harbor characteristics.



Previous Literature

Econometric estimation of production/cost functions

– Drawbacks

Strong data requirements again limits coverage. 
Does not capture efficiency related to harbor characteristics.



New Approach

This paper instead develops an econometric methodology to 
identify port efficiency from international trade data – namely 
information on import charges for shipments.

– Advantages
Accessibility of required data is relatively easy.
Relative ease of estimation: A simple econometric framework 
leads to simultaneous estimates comparable port efficiencies 
for all U.S. and foreign ports.
Estimates have standard errors attached to them.
Flexibility: Extremely simple to manipulate data to focus on port 
efficiency measures for only certain types of shipments (e.g., 
containers) or goods (e.g., autos).



New Approach – Nuts and Bolts

Starting point is the information contained in import charges

“…the aggregate cost of all freight, insurance, and other charges 
(excluding U.S. import duties) incurred in bringing the merchandise 
from alongside the carrier at the port of exportation – in the country of 
exportation – and placing it alongside the carrier at the first port of 
entry in the United States.”



New Approach – Nuts and Bolts

Starting point is the information contained in import charges

1. Costs for loading and disembarking from foreign port
2. Costs connected with ocean transportation
3. Costs for entering and unloading at U.S. port



New Approach – Nuts and Bolts

Assume that costs connected with ocean transportation (including
insurance) are a function of observables such as distance, weight, 
value, type of transport, etc.

This leaves foreign and U.S. port costs as unobservables left to explain 
import charges.

With multiple observations of shipments for each port across many 
products and other port connections, we can estimate each port’s own 
contribution to import charges, holding all other factors constant, 
through standard fixed effects technique in a statistical regression 
framework. 

Estimated contributions of port operations to the import charges (our 
“fixed effects”) are inversely related to port efficiency.



New Approach – Nuts and Bolts

Our regression equation:

ICijkt = α + β1Distij + β2Wgtijkt + β3Valwgtijkt + β4Contijkt + β5Volij + 

β6Contijkt×Wgtijkt + β7Contijkt×Valwgtijkt + β8Im_Imbalij + 

β9Ex_Imbalij + ηi + θj + γk + τt + εijkt.         

where i indexes U.S. port
j indexes foreign port
k indexes 6-digit product
t indexes year.      



New Approach – Nuts and Bolts

Notes about regression analysis
– Other studies have modeled import charges in this way 

(notably, Clark et al. 2004), but have not estimated port 
efficiencies using fixed effects.

– All control variables are logged.  Thus, coefficient estimates 
can be read as elasticities.

– Due the enormous number of observations and RHS 
variables, we had to estimate each year of our sample, 1991-
2003, separately – and this required use of a high-powered 
Linux machine.

– Market power considerations could confound port effects, 
though Clark et al. found little evidence of market power.



Data

Army Corps of Engineers’ public-use trade data comparable to 
the U.S. Census IA 245 files.  These data are generated from 
Census files and matched to Customs vessel entrances/
clearances for more complete and accurate vessel and U.S. port 
data. 

ACE has also developed a preliminary databank containing port-
to-port nautical miles. 

We developed a correspondence between the two datasets for 
differing U.S. port codes in order to merge the data.



Results
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Comparing our port efficiency measures to 
Global Competitiveness Report

We create country-level port efficiency measures 
from our port-level estimates
This yields 29 country-level matches which we can 
compare to GCR measures for 1998
Correlation is 0.33 and significant at 7% level.
If we eliminate Canada and Mexico, correlation goes 
to 0.65 and significant at 1% level.



Correlations of our measures to observable 
port characteristics

Observable port characteristics available from 
www.portualia.ws, but only most recent data
We run a regression of our estimated port efficiency 
measures on these observables, controlling for the 
fact that our dependent variable has been estimated

Would love to get similar port characteristic data for 
prior years!



Correlations of our measures to observable 
port characteristics



Significant Advantages of our Approach

Ability to easily estimate and track port efficiencies 
over time! 

Ability to easily restrict sample to only certain types 
of ports, shipments, or products.

– EX: We ran our procedure using only data on container 
shipments and only the top 15 U.S. container ports.  We get 
similar rankings of these ports to our previous estimates

– EX: We ran our procedure for only steel products and then 
for only automobile products and get U.S. port efficiency 
ranking that are directly tied to these products. 
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Results: Steel



Results: Autos



What’s Next?

Can we find better observable port attribute data that 
vary over time and go back 10-15 years? 

Will use our measures of port efficiencies for a study 
of U.S. port choice for by foreign exporters to the 
U.S.


