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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

e \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

e Surveys of port efficiency

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

-~ Drawbacks

e Relies on qualitative perceptions. For example, respondents
may confound ranking of ports with other attributes of country.

e Costly to administer and, as a result, very limited coverage in
terms of ports and years.



Previous Literature

e Data Envelopment Analysis (DEA)

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

- Drawbacks
e 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

e Econometric estimation of production/cost functions

-~ Drawbacks

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



New Approach
c ]

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

- Advantages
e Accessibility of required data is relatively easy.

e Relative ease of estimation: A simple econometric framework
leads to simultaneous estimates comparable port efficiencies
for all U.S. and foreign ports.

e Estimates have standard errors attached to them.

e 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
c ]

e Starting point is the information contained in import charges

Foreign Port US Port

Y -

“...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
c ]

e Starting point is the information contained in import charges

Foreign Port US Port

Y -

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
c ]

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

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

e 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.

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



New Approach — Nuts and Bolts
c ]

e QOur regression equation:

ICyy = a + B, Dist; + B,Waty,, + BsValwgt,, + B,Conty,, + BsVol; +
BeConty txWgty,, + B,ContyxValwgt,, + Bglm_Imbal; +
BgEx_ImbaIij +n + ej TVt Tt €

where | indexes U.S. port

] Indexes foreign port

k indexes 6-digit product
t indexes year.



New Approach — Nuts and Bolts
c ]

e 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
«

e 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.

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

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



Results

TABLE 1: OLS Estimates of Determinants of Import Charges for U.S. Imports, 1991-2003.

Dependent Variable: Import Charges

Average from

Regr&ssnrs 1991 1997 2003 1991-2003

DIST 0.1643* 0.1892* 0.1277* 0.1795
(0.0050) (0.0050) (0.0050)

WGT 0.9046* 0.9161* 0.8953% 0.9088
(0.0024) (0.0018) (0.0024)

VALWGT 0.5550* 0.5466" 0.5381* 0.5463
(0.0045) (0.0034) (0.0047)

CONT -0.0454~ -0.0352* -0.0693~ -0.0471
(0.0059) (0.0046) (0.0061)

VOL 0.0073* 0.0068* -0.0008~ 0.0048
(0.0015) (0.0015) (0.00186)

CONT*"WGT 0.0068* 0.0054* 0.0107* 0.0072
(0.0005) (0.0004) (0.0005)

CONT*VALWGT -0.0040~ -0.0047* -0.0095~ -0.0073
(0.0010) (0.0008) (0.0010)

IM_IMBAL -0.0003 -0.0039* 0.0020* -0.0009
(0.0009) (0.0010) (0.0009)

EX IMBAL -0.0006 -0.0042* 0.0008 -0.0013
(0.0009) (0.0009) (0.0009)

Number of Observations 337677 465566 549804

R-Squared 92 91 90

F-Statistic 748 943 1009

Notes: All variables are logged. A constant intercept term was included, as well as U. 5. port fixed effects,
foreign port fixed effects, and 6-digit HTS product fixed effects. * indicates significance at the 1% level



Results

LS. Port Fixed Effects - Measures of Port Efficiencies Where Ports Are Ranked from Most to Least Efficient

Port { Fixed
Effects)

Port (Fixed
Ettects)

Port (Fixed
Fifects)

Rank Port dame Efficiencies Rank Port Name Efficiencies Rank Port Name Efficiencies
Port Everzlades,

l Gulfport, MS 0087 18 Boston, MA 0.048 35 FL 0114
2 Port Hueneme, CA -(.087 19 Corpus Christi, TX (L4 36 Detroit, M1 (L1116
3 San Francisco, CA -(.082 200 Norfolk, VA (L0351 37 Miami, FL 0,123
4 Pascagoula, MS -0.082 21 Los Angeles, CA 0.051 38 Texas City, TX 0.130
5 Port Huron, MI 0046 22 Houston, IT'X 0.054 39 Seattle, WA 0.145
6 Freeport, T -0.028 23 Savannah, GA 0.064 40 Paulsboro, NJ 0.145
7 Baton Rouge, LA -0.018 24 Mobile, AL 0,060 41 Tacoma, WA 0,152
8 Oakland, CA (0,000 25 Charleston, SC (L0649 42 Richmond, CA 0135
9 Galveston, TX 0,022 26 Jacksonville, FL 0.071 43  Tampa, FL 0.1649
10 New Haven, CT (L.023 27 Philadelphia, PA 0.072 44 Marcus Hook, PA 0175
11 Gramercy, LA 0.024 28 Brunswick, GA 0.072 45 Wilmington, DE (. 182
12 Portland, OR 00206 29 Wilmington, NC 0073 46 San Diego, CA 0. 190
13 Chester, PA 0.030 30 Baltimore, MD 0.0749 47 Port Arthur, TX 0.218
[4  Lake Charles, LA 0.035 31 New Orleans, LA 0.081 48  Morgan City, LA 0,230
[5  Newport News, VA (.038 32 NY &N 0.091 49 San Juan, PR .349
6 Beaumont, TX 0.0349 33 Providence, Rl L0995 S0 Honolulu, HI (.60
17  Long Beach, CA .045 34 St Croix, VI (0. 104




Results

Foreign Port Fixed Effects - Measures of Port Efficiencies - Top 20 Most Efficient and Bottom 20 Least

Efficient

Top 20 Bottom 20
Port (Fixed Port (Fixed
Effects) Effects)
Rank Port Name Etficiencies Rank Port Name Litficiencies

1 Dos Bacas, Mexico -0,252 b | Jakarta, Indonesia (238
2 Forcados, Nigeria - 1TSS N2 Yantian, China 0242
3 FLecbrugee, Belzinum -0A153 3 All Other Indonesia Ports (252
4 Shimizw, Japan =0L0S0 bWl Bombayv, India (L2353
5 Chiba, Japan =051 B3 Ching Tao, China (L2535
L1 Bremerhaven, Germany 0007 i St Petershurg, Ruossia (259
7 Antwerp, Belgium -0 5 7 Al Bakir, Iraq 0259
5 Osaka, Japan -1 85 Shanghai, China 0.267
0 Rotterdam., Netherlands R ITILN bl Dagu/Tangou, China 0268
1) Chi Lung, Taiwan 013 L) Dalian, China 0.270
11 Escravos (3l Terminal, Nigeria 0Lon 4 1 Santo Tomas de Castillo, Guatemala .272
12 Le Havre, France oLz 2 Chittagong, Bangladesh (.287
13 Hamburg, Germany LLs 03 Hiroshima, Japan (.301
14 Kawasaki, Japan Lole 94 Duran, Ecuador (.301
15 Hakata, Japan 0023 w5 Manilla, Philippines 316
16 Bremen, Germany (LO26 D Arzew, Algeria 0347
17 FFos, France (035 o7 Hizgh Seas, Gulf of Mexico 353
13 Pajaritos, Mexico (LG by Puerta Miranda, Venezuela 0470
19 Nagova, Japan 0052 el Windsor (Ont), Canada 512
20 Southhampton, Uk (L0353 1M} Bonny., Nigeria 0550




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

e Observable port characteristics available from
www.portualia.ws, but only most recent data

e \We run a regression of our estimated port efficiency
measures on these observables, controlling for the
fact that our dependent variable has been estimated

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


http://www.portualia.ws/

Correlations of our measures to observable
port characteristics

TABLE 6: Regression of Estimated Port Efficiencies on Observed Port Characteristics
using Data for U.S. Ports, 2003

Robust

Standard
Resressors Coefficient Error P-value
Size of Harbor (1—wvery small, 2-—small,
3=medium, 4 large) 0.018 0.016 0.261
Maximum Depth of Channel (in meters) 0.006 0.003 0.080
Tide Restrictions? (1=Yes, 0—=No) -0.017 0.018 0.349
Owverhead Restrictions? (1-Yes, 0-No) 0.003 0.023 0.905
Other Restrictions? (| =Y es., 0—=No) 0.045 0.026 0.090
Compulsory Pilotage? (1 —Yes. O No) -0.031 0.071 0.664
Lifts over 100 Tm.? (1=Yes, 0=No) -0.031 0.035 0.383
Island Port? (1-Yes. 0-No) 0.275 0.073 0.000
St. Lawrence Seaway Port? (1=Yes, O=No) -0.012 0.049 0. 809
Gulf Coast Port? (1= Yes., 0-No) -0.085 0.033 0.013
West Coast Port? (1 Yes., 0-No) -0.043 0.032 0.192
Number of Observations 79
R-Squared O.44
F-Statistic 2.34

(p-value) (0.017)




Significant Advantages of our Approach

e Ability to easily estimate and track port efficiencies
over time!

e 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.



Results

FIGURE 1: West Coast Ports' Efficiencies Relative to Qakland, 1991-2003
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Results

FIGURE 2: Gulf of Mexico Ports' Efficiencies Relative to Oakland, 1991-2003
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FIGURE 3: East Coast Ports' Efficiencies Relative to Oakland, 1991-2003
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What ' s Next ?
«

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

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

e Update data and redo analysis



Results

Table 2: Conditional Logit Estimates of Factors Affecting U.S. Port
Choice for Imports

All Imports Container
to Tap Impaorts to Top 15
46 U.S. Ports U.S. Ports
Ocean Transport Costs -3 153% -3 237
(0.109) (0.129)
Inland Transport Costs 0.038%* -0.023%#
(0.002) (0.003)
Port Efficiency 1.263%# 2.438%
(0.188) (1.086)
Observations 05680 27285
Pseudo R-squared 0.09 0.11
Log Likelihood -7260 74 -4362.11

NOTES: Standard errors in parentheses. * and ** denote statistical

significance at 3% and 1% level, respectively.



Result:

Table 4: Estimates of Factors Affecting Conrainerized Import Volumes into

UL.S. Ports Using a Gravity-Model Specification

Ordinary Two-Stage
Least Fixed Effects Least
Sguares Squares
Distance -2.015%= -5.094 %= -5 174%*
(0.045) (0.078) (0.082)
U.S. Port Market Size 0.356%* 1.148%* 0310
(0.038) (0.356) (0.392)
Foreign Market Size 1.305% 1.147%* 1.516%*
(0.011) (0.222) (0.274)
Inland Transport Price -10.982%* -B 157%* -14 581 %*
(0.549) (0987 (1.163)
Ocean Transport Price 1.39G%* -0.388 -1.259%*
(0.361) (0.236) (0.341)
Port Efficiency -1.530%=* -0.596%* 2. 123%*
(0.210) (0.141) (0.509)
Constant -9 252%= 23.696%* 37.521%*
(2.085) (6.172) (6.687)
U.S. Port Fixed Effects No Yes Yes
Foreign Countrv Fixed Effects No Yes Yes
Observations 62803 62805 35431
R-squared 0.20 0.63 0.63

NOTES: Standard errors in parentheses. * and ** denote statistical significance at

2% and 1% level, respectively.



Correlations of our measures to observable
port characteristics

TABLE 6: Regression of Estimated Port Efficiencies on Observed Port Characteristics
- using Data for U.S. Ports, 2003

Robust

Standard
Regressors Coefflicient Error P-value
Size of Harbor (1-very small., 2-—small.
3=medium, 4—large) 0.018 0.016 0.261
Maximum Depth of Channel (in meters) 0.0006 0.003 0.080
Tide Restrictions? (1-Yes. 0-No) -0.017 0.018 0.349
Overhead Restrictions? ( 1=Yes, 0=No) 0.003 0.023 0.905
Other Restrictions? (| =Yes., 0—No) 0.045 0.026 0.090
Compulsory Pilotage? (1 —Yes. O0-No) -0.031 0.071 0.604
Lifts over 100 Tm.? (1=Yes, 0-No) -0.031 0.035 (0.383
Island Port? ( 1=Yes., 0-No) 0.275 0.073 0.000
St. Lawrence Seaway Port? (1=Yes, O0=No) -0.012 0.049 0.809
Gulfl Coast Port? (1= Yes. 0-No) -0.085 0.033 0.013
West Coast Port? (1 -Yes. 0 No) -0.043 0.032 0.192
Number of Observations 79
R-Sqguared 0.44
F-Statistic 2.34

{(p-valug) (0017




Summary of results

e Much more comprehensive sample to estimate
effects of various factors on ocean port choice than
previously

e Significant evidence of the effect of distance, ocean
and inland freight rates, and port efficiency on port
choice

e Gravity specification yields much larger elasticity for
Inland transport costs than ocean transport costs,
conditional logit is vice versa

e Evidence that port efficiency matters significantly,
particularly for containerized shipments



New Directions
N

e Growth In trade



Trade Growth-Trade with China
G

Figure 1
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Trade Growth-Trade with China
G

Figure 2

Proportions to Different Regions
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Trade Growth-Trade with China

Figure 3

Proportions in SW From China
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Final Synopsis

e Trade has grown and will rebound.

e There have been andare capacity concerns “Christmas in
February”.

e We developed and found differences in efficiency across Ports.
e Demanders do respond to the efficiencies.
e See hitp://www.nets.iwr.usace.army.mil/

- Or www.corpsnets.us

e HarborSym is a downloadable package developed under NETS
to examine efficiency issue.



http://www.nets.iwr.usace.army.mil/
http://www.corpsnets.us/

