
PLEASE SCROLL DOWN FOR MANUSCRIPT 

	
	

	
	 	

Please site this article as: Wang, G., Chang, W-H. and Cui, Y. (2016). Using tariff data for port economic impact 
analysis of cargo movement. Paper presented at IAME Conference 2016, 23-26 August, Hamburg, Germany 

This article was uploaded to PortEconomics.eu 
On: 29-Oct-16 

Porteconomics.eu is a non-profit, web-based initiative aiming to advance knowledge exchange on seaport studies. 
Developed by researchers affiliated to various academic institutions throughout Europe, it provides freely 
accessible research, education and network-building material on critical issues of port economics, management 
and policies 

Using tariff data for port economic impact analysis of cargo movement 
 
 
 
Author(s): G. Wang, W-H. Chang, Y. Cui 
 
 
 
This paper had been presented at: 
IAME Conference 2016, 23-26 August 2016, Hamburg, Germany 

This is a pdf file of an unedited manuscript that, in a modified form, has been accepted for publication or has 
already been published. For convenience of the visitors of this site, an early version of the manuscript provided. All 
legal disclaimers that apply to the journal pertain. 



	

 

Using	Tariff	Data	for	Port	Economic	Impact Analysis	of	Cargo	
Movement	

Grace Wang1 - Texas A&M University at Galveston – wangw@tamug.edu 
Wen-Huei Chang - US Army Corp of Engineers – Wen-
Huei.Chang@usace.army.mil 
Yue Cui - Michigan State University – cuiyue@msu.edu 
 
Abstract 
This research aims to capture specific economic contributions created by 
cargo movements within port areas in an economic impact study. This paper 
defines the categories of port industry revenues that directly support the 
movement of goods through the ports by using port tariffs (charges) to 
identify expenditures on services that are essential to moving cargo through 
the port system.  Conversion factors were developed to standardize port 
tariffs and build expenditure profiles based on these standardized charges. 
Case studies were conducted for sensitivity analysis to simulate economic 
impacts based on changes to cargo flows through the ports with the tariff 
estimated spending profiles. Compared to the traditional survey approach, 
using tariff data in place of traditional surveys provides a time-effective way 
to capture port characteristics, business structure and flows, as well as to 
extract rates information for economic impact analysis.  
Keywords: Regional Economic System, economic impacts, cargo movement, 
tariff. 
1. Introduction 
Ports around the world are currently dredging their ship channels and 
investing heavily in the necessary infrastructure in order to meet current and 
future demand on navigation. The potential benefit is characterized not only 
by increasing port competitiveness, but also by greater impacts on economic 
growth in the adjacent communities. The U.S Army Corps of Engineers 
(USACE) Institute for Water Resources (IWR) has developed the REgional 
ECONomic System (RECONS), which provides accurate and defensible 
estimates of regional and national job creation and other economic measures, 
such as income and sales. RECONS is capable of automating economic 
impact analysis with direct, indirect, and induced effects through spending 
profiles and expenditures on work activities associated with federal spending 
on civil works. It can be applied to the fields of navigation, flood risk 
management, emergency management, environmental (aquatic ecosystem 
restoration and environmental stewardship), regulatory, hydropower, and 
recreation. This study builds upon the RECONS functionality in order to 
facilitate the usage of tariff data to update the spending profiles in RECONS 
for navigation related activities.  
This research aims to provide an efficient and systematic way of capturing 
specific economic contributions associated with cargo movements in the port 
area by utilizing tariff data. A simulation interface was developed to quantify 
port expenditure profiles from port industry revenues that can be easily 
obtained through the port’s annual report to the standardized port charges by 
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relevant services that require maritime expertise to identify. The analysis 
provides a different aspect in port economic impact analysis and more 
importantly, a long-term impact on freight operations and port planning for 
gateway, inland, and/or transit ports.  
Over 78% of all ports in the United States (US) post up-to-date tariff 
information published between 2014 and 2015 on their websites (Table 1). In 
this study, tariff documents were collected from 75 US ports that coving four 
major US regions including Pacific, Gulf of Mexico, Atlantic and Great Lake 
areas. Compared to the traditional survey approach, using tariff data 
improves the process of completing an economic impact study, as it provides 
an efficient way to reduce the time needed for data collection.  
Table 1 Port tariff documents examples  
Port Name Total Shipping Volume 

(Tons) in 2014 
Region Publish 

Year 

Anacortes, WA 9,889,028 Pacific 7/1/2014 
Anchorage, AK 2,949,456 Pacific 1/1/2015 
Baltimore, MD 36,578,828 Atlantic 12/1/2014 
Beaumont, TX 94,403,631 Gulf of Mexico 6/1/2014 
Boston, MA 17,087,802 Atlantic 12/1/2014 
Brownsville, TX 5,533,332 Gulf of Mexico 3/1/2007 
Charleston, SC 18,525,276 Atlantic 5/15/2015 
Chicago, IL 15,428,892 Great Lakes 4/1/1983 
Cleveland, OH 11,454,092 Great Lakes 5/1/2015 
Corpus Christi, TX 76,157,693 Gulf of Mexico 3/8/2011 
Detroit, MI 12,981,468 Great Lakes 10/1/2007 
Everett, WA 1,527,674 Pacific 7/1/2014 

Source: Authors’ configuration and ports’ website. 
The diversity of port charges and the units used to characterize them make 
the configuration of port expenditure and spending profiles more difficult. 
With detailed structured metrics of operating units for shippers and carriers of 
various waterborne cargos, the primary task is to establish guidelines for 
converting various measurements used in port operation into standardized 
units.  As port related charges vary from service needed, vessel size, cargo 
handled, and commodity type, this study aims to standardize expenditure 
profiles based on these varying port charges. Different maritime market 
segments, such as tanker, liner, dry bulk, and/or cruise, were considered 
based on the availability of data at the port level.  
The following section reviews the current literature on economic impact 
analysis and input/output model. Section 3 describes the methodology used 
to re-assess the RECONS model, and is followed by a case study and 
sensitivity analysis using tariff data in Section 4. Final remarks and 
conclusions from the managerial perspectives are presented in Section 5.  
2. Literature Review 
2.1. Introduction of RECONS 
The Civil Works Regional Economic System (RECONS) is a next-generation 
regional economic impact modeling tool that USACE developed in order to 
provide accurate and defendable estimates of jobs, incomes and other 
economic impacts associated with USACE spending. Corps analysts can use 



	

 

the tool to track progress and justify the continued operation, maintenance 
and construction work performed by USACE. In addition, RECONS offers 
USACE users the ability to evaluate economic consequences of USACE 
projects and programs at a regional level across all business lines, which was 
not previously possible. Economic impacts and contributions are estimated 
for two types of economic activities associated with USACE programs: (1) 
direct federal spending on infrastructures and operations and maintenances; 
and (2) other economic activities resulted from the primary users of 
infrastructure constructed and maintained by USACE. The full contribution of 
these activities to the economy is estimated using Input-Output (I-O) modeling 
techniques, and includes linkages back to the industries, businesses, and 
households supplying the goods, services, as well as the household spending 
recalculated to the region’s economy. The USACE Civil Works (CW) program 
has authority to carry out projects associated with water resource 
development in several important mission areas: (1) Navigation; (2) Flood 
Damage Control/Flood Risk Management; (3) Environment (Aquatic 
Ecosystem Restoration; Environmental Stewardship; Environment: Formerly 
Utilized Sites Remediation Action Program [FUSRAP]); (4) Regulatory; (5) 
Emergency Management; (6) Water Storage for Water Supply; (7) Hydropower; 
and (8) Recreation. Efforts to develop RECONS centered on these different 
business lines. RECONS is embedded with built-in expenditure profiles, 
appropriate impact areas, and economic ratios and multipliers for each region 
for various economic activities. RECONS utilizes the IMpact on PLANning 
(IMPLAN) software and data system, provided by the Minnesota IMPLAN 
Group, where specific impact area data, multipliers, and ratios were computed 
and imported into RECONS. RECONS is the only USACE certified Regional 
Economic Development (RED) model used across the agency. 
Through a web-based dynamic platform, RECONS allows users access to the 
economic impact estimate models from any location and at any time. 
RECONS was designed with four primary purposes:   
1. To provide a more convenient and consistent way to estimate jobs and 
conduct economic impact analyses including the effects of either increased 
and decreased expenditures by the USACE  (e.g., Civil Works spending by 
projects, business lines;)  
2.To enable users to conduct valid and reliable economic impact analyses, 
even those without experience in Input-Output analysis required by IMPLAN or 
other comprehensive I-O models;  
3. To enable users to simultaneously estimate economic impacts at different 
geographic scopes (e.g., local, state, national) and to aggregate those 
impacts across projects, districts and divisions’  
4. To increase rigor and consistency (e.g., spending profiles, identification of 
impact areas)which best reflects the manner in which the USACE conducts 
their own economic impact analysis. 
As a result, over 80 USACE economists from various locations and business 
lines use this simulation tool to conduct more than 5,000 analyses for USACE 
related economic activities. 
2.2. Literature on economic impact analysis 
Economic impact analysis (EIA) traces changes in economic activity to 
measure the cumulative economic effects of an action. For example, 



	

 

construction and maintenance of navigation infrastructure in a region will 
directly contribute to businesses in the construction, services, and 
manufacturing sectors. There are two major methods and modeling 
techniques that have been applied to estimate economic impacts of ports 
worldwide: I-O; and computable general equilibrium (CGE) (Bichou, 2006; 
Coto-Millán, Pesquera, & Galán, 2010). Although I-O models have been used 
extensively in the regional economic impact studies, their applications to port 
and/or maritime economic impact studies are limited. As early as 1985, 
Mescon and Vozikis applied the I-O model to the cruise industry to assess the 
impact of tourism at the Port of Miami. Fannin et al. (2008) analyzed the 
impact of deepwater oil and gas energy in its discussion of of Port of 
Fourchon, Louisiana’s strategic location.  Kaiser (2010) provided a framework 
to quantify the logistic networks of the service vessel activities across the 
Gulf of Mexico. Chang, et al. (2014) studied the economic impact of South 
African port sectors and found that the shortage of port sector, one the most 
important supporting sectors for other industries, creates huge economic 
losses. In the US, I-O models are applied in the US MARAD’s Port Economic 
Impact Kit (U.S. Maritime administration, 1985), Rural Inland Waterways 
Economic Impact Kit (Hamilton, Rasmussen, Zeng, & Arkansas, 2000), and 
Martin Associations ports economic impact studies (Martin Associates, 
2015). I-O models are criticized for their static production functions, which 
arguably make it difficult to predict the economic responses to changes in 
price, demand, or a catastrophic event.  
Alternatively, computable general equilibrium (CGE) models are better suited 
to capture the inter-relationships among sectors of an economy, including the 
household, industrial, governmental, and external sectors. They incorporate 
market mechanisms and price incentives within a general equilibrium 
framework. As Pagano et al. (2016) stated, “CGE models can estimate how 
the expansion of activity in one sector may have economy-wide effects… uses 
economic data to estimate the reaction of an economy to changes in policy, 
technology, or other external factors.” CGE models have been utilized in 
general EIA as well as port efficiency studies. Tiwari and Itoh (2001), for 
example, applied the CGE model to analyze the system-wide impacts of 
increased efficiency at Japanese ports. Haddad, Hewings, Perobelli, and 
Santos (2010) analyzed the port’s efficiency through the link among trade 
barriers and subsequent growth and regional inequality in Brazil. Typical 
limitations for CGE consist of numerous variables and parameters as well as 
a large degree of structural complexity. Higher costs and parameter 
uncertainty also limits the use of CGE models (Dwyer et al. 2004). Gravity 
models are also employed in port economic studies 
As a component of RECONS, this study will utilize the I-O model to estimate 
the economic impacts of commercial shipping (cargo movement) through 
coastal ports in the United States. Reliable estimates for regional effects of 
cargo movement require precise and current measures of expenditures on 
port services (spending profile) and commodity movements to/from the 
hinterland. Previous efforts to collect expenditure data have shown that 
spending profiles are highly variable across regions and types of ports. As a 
result the development of spending profiles by port and commodity type 
needed to be accomplished through a comprehensive approach that include 



	

 

data analysis, research, and interviews. Significant time and resources were 
required to ensure estimates were reliable and consistent. For instance, the 
latest system wide spending profile for cargo-related movements is Port Kit, 
which obtained spending profiles for cargo movements by telephone 
interview and paper-based survey but has not been updated for more than a 
decade. The reliability, accuracy, and the ability to update the data in a timely 
fashion are questionable. Therefore, this research proposes a method to 
develop spending profiles through port tariff information.  
Port tariffs list the types of services offered at a given port (Strandenes & 
Marlow, 2000) – such as vessel services, cargo services, hinterland 
transportation, warehousing, and security– and the associated service rates. 
These rates are affected by the nature of the commodities carried/handled 
and the vessels usage (Heggie (1974); Martin Associates, 2015; Strandenes & 
Marlow, 2000). This research categorizes port-related services based on the 
above factors and from a maritime perspective. For example, Strandenes and 
Marlow (2000) classified port-related tariffs as tonnage-related dues, cargo-
related dues, passage-related dues, and dues associated with miscellaneous 
services. Martin Associates (2015) categorized port service charges as 
Surface Transportation, Maritime Services, Banking/Insurance/Law Services, 
and Port Authority. To the authors’ best knowledge, tariff data is rarely used 
for cargo movement effect estimates in port-related economic impacts 
studies. This is especially the case for inputs in economic impact simulation 
models.   
 
3. Methodology and Data 
3.1. Data cleaning and challenges in applying tariff data 
Tariff documents are easy to obtain and considered relatively consistent from 
year to year. This reliable source serves as a benchmark in conjunction with 
detailed port expenditures. With this information, the economic impact of 
expenditures from cargo movement by cargo types, by port services, and by 
vessel types can be obtained. Likewise, comprehensive quantitative analysis 
and sensitivity studies become feasible.  
However, standardizing and cleaning tariff data takes significant amounts of 
time, personal experience and knowledge. Tariff documents obtained from 
ports’ websites and/or the administration bureaus are often in portable 
document format (PDF). Applicable information, including port ID and name, 
expenditure and cargo type, charging unit and amount, etc. is manually 
entered into an Excel spreadsheet. In total, 75 US ports’ tariff data with 14,595 
relevant records are summarized and categorized into 24 detailed port 
services and seven major unit types (Table 2).  
Table 2 shows the combination of port services associated with cargo 
movements and units of charge. Services include vessel and terminal 
operations, cargo handling, packing, storage, port dues, etc. Among those 
services, using dockage as an example, some ports use length as the 
standard unit of charge (37% of the tariff data), while others may consider 
charge per service (41%), or by other undefined or unclear units (22%). 
Similarly, most pilotage charges are assessed on a vessel length basis (67% 
of tariff data) while per service pilotage based charges account for 29% of 
tariff data. Other than that, out-dated information and vague expressions 



	

 

(reported in Table 2 under category “Other”) in the documents may need 
detailed re-examination to ensure consistency with other relevant information.   
For example, charging units by "lbs", "gross register ton", and "metric ton" in 
the port document are converted to the standard "metric ton" and classified 
into unitized "Ton". Other major service charges are classified by “Service” 
and by “Unit”. While the charging unit types are classified according to their 
physical nature, there are still about 6.6% of records which are considered 
unidentifiable. In order to avoid inaccuracy from the categorization of types, 
we only incorporated records with clear and consistent descriptions. 
Table 2 – Charging unit composition in percentage for port expenditure  
                      Units 
Expenditure Area 

Lengt
h 

Servic
e Ton Unit 

Volum
e 

Other
* Total 

Berth Assignment 5 0 89 0 0 0 6 100 
Cruise Activity 0 0 69 0 19 0 12 100 
Demurrage 0 32 0 29 0 0 40 100 
Dockage 0 37 41 0 0 0 22 100 
Electricity 0 0 58 0 23 0 20 100 
Equipment Rental 0 0 90 4 0 0 6 100 
Fuel Flowage 0 0 0 0 0 100 0 100 
General and Misc. 0 0 39 0 26 0 35 100 
Handling 0 0 0 59 31 0 10 100 
Labor and 
Overtime 0 0 98 0 0 0 2 100 
Loading/Unloadin
g 0 0 0 82 15 0 3 100 
Moorage 0 70 29 0 0 0 1 100 
Parking 0 0 57 0 30 0 13 100 
Pilotage 0 67 29 0 0 0 4 100 
Rental of Space 60 21 0 0 0 0 19 100 
Service / Facilities 0 0 30 0 38 0 32 100 
Stevedore 0 0 0 40 31 0 29 100 
Storage 0 0 0 54 35 0 11 100 
Tariff Rate 0 0 0 0 100 0 0 100 
Terminal Security 0 0 28 0 34 0 38 100 
Terminal Use 0 0 28 0 52 0 20 100 
Water 0 0 43 0 0 23 34 100 
Wharf Demurrage 0 0 0 41 28 0 31 100 
Wharfage 0 15 0 61 0 0 24 100 

Table 2 represents the proportion of port expenditures in which the tariff heading in column one 
applies to different types of charging units. Each row adds up horizontally to 100 in percentage. 
Each row adds up horizontally to 100 in percentage.* Other including those tariff records with 
charging units not mentioned or with no unit information available.  
Source: Authors’ configuration from tariff documents 
 
Tariff documents can be summarized by vessel type or by cargo handled. It is 
easier for the end users to apply the RECONS model using various interfaces 
with available data. Given the standardized unit charges, input sources to 
calculate the impact of cargo movements for a port could come from vessel 



	

 

handled (e.g. are Ro-on/Ro-off, container, tanker, dry bulk, break bulk, etc.) or 
commodity handled (e.g. agriculture, automobiles, crude and petroleum 
products, chemicals, coal, finished products, general cargo, machine and 
equipment, etc.). Table 3 presents port tariff expenditure profiles applies to 
different types of vessel and commodity. Each vessel type requires various 
port services in cargo handling in order to be matched with commodity type 
with the proper vessel types using tariff data.  
Table 3 – Vessel/commodity type composition in percentage for port 
expenditure  
                     
Vessel 
Expenditure 

Aut
o 

Break 
Bulk 

Containe
r 

Dry 
Bulk 

Liquid 
Bulk 

Projec
t 
Cargo 

Other
* 

Total 

Berth Assignment 0 0 0 0 0 4 96 100 
Cruise Activity 19 0 0 0 0 4 77 100 
Demurrage 24 5 34 9 0 10 18 100 
Dockage 0 7 0 2 0 4 87 100 
Electricity 0 3 16 1 0 4 76 100 
Equipment Rental 3 2 0 1 0 28 66 100 
Fuel Flowage 0 0 0 0 0 0 100 100 
General and Misc. 3 7 7 0 2 6 74 100 
Handling 2 33 1 5 1 2 55 100 
Labor and 
Overtime 6 45 0 2 1 1 45 100 
Loading/Unloadin
g 0 0 0 1 0 0 99 100 
Moorage 7 0 0 0 0 0 93 100 
Parking 1 1 0 0 0 1 98 100 
Pilotage 0 5 8 0 1 0 85 100 
Rental of Space 2 10 18 2 2 1 65 100 
Service / Facilities 1 14 7 3 0 0 75 100 
Stevedore 6 44 3 5 0 1 40 100 
Storage 0 0 0 0 0 0 100 100 
Tariff Rate 2 8 20 2 3 1 65 100 
Terminal Security 13 7 8 1 0 0 70 100 
Terminal Use 1 3 17 1 32 0 45 100 
Water 17 27 12 1 1 6 36 100 
Wharf Demurrage 9 38 14 11 3 4 20 100 
Wharfage 0 0 0 0 0 4 96 100 

Table 3 represents the proportion of port expenditures in which the tariff heading in column one 
applies to different types of vessel. Each row adds up horizontally to 100 in percentage. *Other 
including those tariff records with commodity types not mentioned or with no commodity type 
data available. 
Source: Authors’ configuration from tariff documents 
 
Although some descriptions in the tariff document are clearly stated with 
accurately labelled expenditure types, such as "Entering or Leaving" and 
"Harbor Fee", other terms used, such as "Vessels NOS" and "With operator" 
could be considered too vague. Incomplete or incorrect information could be 



	

 

misleading or simply due to typos in the document. In addition, some of the 
charges are described with qualitative details, which increase the difficulty to 
convert the cost to a comparable system. 
3.2. Structural framework of port expenditure 
A structural framework is presented in Figure 1. The top-left corner contains 
the subject of the study, impact area, and possible configuration of cargo 
movement expenditures. Those elements determine the accuracy and scope 
of the economic impact analysis. Among these components the ability to 
identify port spending profiles associated with cargo movements is the most 
essential. Port related charges vary based on service needed, vessel size, 
cargo handled, and commodity type. The spending profile for moving different 
types of cargos were developed based on the previous works  e.g., Port Kits 
(U.S. Maritime administration, 1985) and adjusted further using experts’ and 
industry practitioners’ inputs.  In this study, we attempt to utilize the cargo 
movement tariff information to adjust the spending profiles. The spending 
categories, e.g., handling, dockage, are matched with the IMPLAN standard 
industry sectors, and then further linked to IMPLAN multipliers for each 
industry to estimate economic impacts. 

 
Figure 1 – Economic Impact Estimate Procedure in RECONS Navigation 
Model 
Source: Authors’ configuration (modified from RECONS developed in 2010) 
 
In addition, service charge units vary across ports. A standardized service 
charge unit is needed to simplify the input process and avoid confusion when 
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applying to the RECONS system. It can also provide the consistency 
generated from the simulation estimation of critical macro indicators. In order 
to establish the structural framework, port tariff data is used to estimate 
spending profiles and the impacts of port expenditure. 
4. Case Analysis 
4.1. Demonstration functions of RECONS 
The RECONS simulation tool allows users to select a port from about 300 
coastal ports in the US. Through the online interface, users are able to input 
shipping volume by cargo types. In this paper, the Port of Los Angeles was 
selected as the demonstration site because of its high cargo volume (Figure 
2). Once the user enters the shipping volume, the total costs involving cargo 
movement and relevant services through the port will be calculated based on 
the spending profiles discussed in this study. 
 

 
Figure 2. Select a port and associated cargo types and amounts 
We followed the Port Kits (U.S. Maritime administration, 1985) to build the categorical split of 
traffic between short-distance and long-distance trucking, rail, and barge. The numbers and 
inputs are from survey results and/or expert’s estimation and justification.  
Source: Authors’ configuration 
 
RECONS also incorporates a GIS component to help visualize the study region 
on a map and better understand the social economic background of the area. 
Once a port is selected, a map of the region and associated socio-economic 
profile will be displayed (Figure 3).  



	

 

 
Figure 3. Select economic impact regions in the analysis 
Source: Authors’ configuration 

 
Figure 4. Edit local purchase coefficients for shipping costs by categories 
Local purchase coefficients are developed by IMPLAN based on the five-year economic census 
data (US Census). The numbers above can vary by port and/or by different economic impact 
regions. Since the impact estimates are mostly by region, Local Purchase Coefficients (LPC) 
indicates characterize the effects of local spending. Money leaked outside the region will not 
be included. However, given a fixed set of input coefficients, this module does not capture 
whether the port’s revenues are re-cycled or redistributed into current spending.  
Source: Authors’ configuration 
 
RECONS will also allocate the total shipping cost (Figure 2) into various 
spending categories (Figure 4). Local Purchase Coefficients (LPCs) 
associated with each of these spending categories are reviewable and 
editable by the user. RECONS then produces economic impact results (Figure 



	

 

5) at various levels (local, state and national) based on the user’s selections in 
Figure 2 and 4.  

 
Figure 5. Display local/national economic impacts of commercial shipping 
Source: Authors’ configuration 
4.2. Sensitivity analysis of utilizing tariff data 
This section provides a comparison analysis to examine the choice of unit of 
charge and the usage of tariff data. Given the debatable changing units in 
Tables 2 and 3, we have included analysis of four US ports in three different 
regions to test the effects of changing standardized units on the economic 
impact results such as direct, indirect, and induced impacts and macro 
indicators of job creation, sale, incomes, etc. Port of Houston in the Gulf 
coast, Ports of Long Beach and Los Angeles in the Pacific Ocean, and Port of 
New York in the Atlantic Ocean are used as samples in the comparison study.  
Table 4 presents the expenditure/cost calculated using the standardized cost 
by ton. Dollar per ton/unit is used to figure out total costs. All other units were 
converted into the cost based on the commonly known weight. 24 port 
services were simplified into six major categories (second column of Table 
4).  
Table 4 – Expenditure costs coefficients by standardized unit “ton” 
 



	

 

Source: Authors’ configuration 
Local Purchase Coefficients (LPCs) associated with each of these spending 
categories were created using standardized ton. In order to know the effect 
that changing charging units has on expenditure costs, Table 4 will serve as 
the control group. Table 5 lists the LPCs once we use other units of charge 
such as charge per container (Case 1), charge per automobile (Case 2), and 
charge per vessel (Case 3) as testing groups. 
Table 5 – Comparison of expenditure costs coefficients by other charging 
units 

    
Case 1 
Charge per 
container 

Case 2 
Charge per 
automobile 

Case 3  
Charge per vessel 

Port Expenditure 
type Container Auto Break 

Bulk 
Dry 
Bulk 

Liquid 
Bulk 

Houst
on Port services 7.83  0.41 0.31  

 Security 3.61     
 Utility 2.59     
 Warehousing 4.44 2.13    
 Handling 0.99  0.49 0.95  
 Others 1.87 27.23    
Long Port services 5.12 10.32    

Port Expenditure type Auto Break Bulk Container Dry Bulk Liquid Bulk Project Cargo Other 

Houston Port services 6.91 3.72 11.83 3.92 1.71 4.25 2.35 

 Security        

 Utility        

 Warehousing        

 Handling 32.54 24.26 8.93 17.6  31.68 24.81 

 Others    0.28  8.34  

Long 
Beach 

Port services 8.23 7.91 22.33 3.19 7.14 41.84 39.48 

Security        

Utility        

Warehousing  24.19   0.12  0.51 

Handling        

Others        

Los 
Angeles 

Port services 8.68 5.98 10.83 2.96 3.97 9.27 32.51 

Security        

 Utility        

 Warehousing 1.86  15.09  0.06  0.45 

 Handling        

 Others   52.50   2.97 77.83 

New 
York 

Port services 0.83 1.33  1.49   1.62 

Security  0.20      

Utility     4.20   

Warehousing       1.47 

Handling  1.15  2.14  28.50 15.69 

Others  2.205    2.25 3.28 



	

 

Beach Security      
Utility      
Warehousing     
Handling      
Others      

Los 
Angel
es 

Port services 3.44 10.49  4.90  
Security      
Utility 5.44     
Warehousing 0.52 1.32    
Handling      
Others 1.81     

New 
York 

Port services 8.28     
Security 0.14     
Utility 2.39    0.03 
Warehousing 0.18 0.75    
Handling 1.06  46.30   
Others 5.42         

In Table 5, cost and local purchase coefficients needed for IMPLAN to figure 
out regional economic impacts are calculated. Unlike standard ton used in 
Table 4, three units – per container, per automobile and per vessel for bulk- are 
converted to standard ton to directly compare and show possible differences in 
various charging systems. For example, comparing column “container” in 
Tables 4 and 5, there would be less costs on port services and handling (drop 
from 11.83 to 7.83 for port services; decline form 8.93 to 0.99 for handling) but 
more spending information can be filtered out on other expenditure categories 
such as security, utility, warehousing, etc.  
Source: Authors’ configuration 
To convert unit charges in Cases 1, 2, and 3, the following estimates are used. 
Given that the interface for users to input relevant information in RECONS is 
set by weight (in this case tonnage), we need to convert all other units to a 
standard ton. Note that discrepancies may occur if different converting 
standards are adopted. Under and/or over estimates may happen when 
quantify qualitative data. In addition, tariff records that fall into the categories 
that could not be converted are dropped. In Case 1, one twenty-foot-
equivalent unit (TEU) container on average weighs 6,1250 lbs, which can be 
converted into 29 tons. In Case 2, the average weight of a vehicle is 3,350 lbs, 
which is approximately 1.519 tons. In Case 3, we use registered container 
vessel model 64169 in the US as an example, the average weight are 
approximately 47, 552 metric tons (Maritime Administration, US Department 
of Transportation).  
Charging systems by weight (tons) are commonly used in most shipping 
activities. Comparing Tables 4 and 5, charging by unit could significantly 
decrease the amount of relevant costs in expenditure among port services 
and across various cargo types. Similar observations can be found in the 
economic impact analysis when switching the input unit from ton to another 
relevant unit (Table 6). Table 6 reports critical macro indicators such as jobs 
created, labor income, value added, and output created. The downscaled 
amount of direct, indirect, and induced effects are found across Ports of 



	

 

Houston, Long Beach, and Los Angeles. Those results are consistent with the 
usage of the smaller local purchase coefficients from Table 5 when we 
convert other units to tons. The Port of New York, however, is different from 
the other three. Given the limited spending information available from the 
original data (e.g. estimated spending per ton across port services is only 
$60), converted units provide more detail by category when calculating direct, 
indirect, and induced effects of economic impact. Thus, it appeared there was 
a large effect in all aspects. With total 75 US ports and 14,595 relevant tariff 
records categorized into 24 detailed port services and seven major unit types 
(Table 2), this study utilizes tariff data to identify standard unit charges. The 
results provide a preliminary understanding to accurately quantify the value of 
cargo movements and activities in port operations. It also offers another way 
to analyze qualitative information in order to incorporate it into the economic 
impact simulation study. Whether or not there is sufficient port spending 
information and proper unit conversion scales used will significantly affect 
the overall outcomes (Table 6). Thus, future steps we recommend is to 
provide alternative converting methods based on: (1) standard practices from 
daily port operations and (2) interview port/maritime experts to identify a 
commonly accepted unit.   
  



	

 

 
Table 6 – Economic Impacts by Ports*  
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Impact 
Type Tons Other Charging Units 

Job Labor 
Income Value Added Output Job Labor 

Income 
Value 
Added Output 

Houston Direct  167.8 $9,507,947  $9,996,447  $18,313,000  54.5 $2,725,053  $3,091,079  $5,285,000  

Indirect 53.2 $3,130,012  $5,045,359  $7,555,620  14 $822,274  $1,329,960  $1,988,729  

Induced  53.8 $2,939,851  $5,166,343  $7,969,634  15.1 $824,945  $1,449,725  $2,236,354  

Total  274.9 $15,577,810  $20,208,148  $33,838,254  83.5 $4,372,272  $5,870,764  $9,510,082  
Long 
Beach Direct  145.6 $7,787,661  $8,863,171  $15,494,000  14.6 $741,420  $819,885  $1,544,000  

Indirect 49.9 $3,004,479  $4,270,825  $6,689,756  5.5 $332,351  $466,767  $734,947  

Induced  52 $2,983,504  $5,307,588  $8,181,495  5.2 $296,941  $528,221  $814,241  

Total  247.5 $13,775,644  $18,441,584  $30,365,251  25.3 $1,370,711  $1,814,872  $3,093,188  
Los 
Angeles Direct  212.3 $11,046,926  $12,392,834  $22,496,000  24.3 $1,335,457  $1,664,513  $2,792,000  

Indirect 76.7 $4,609,730  $6,510,121  $10,225,972  8.5 $508,893  $723,761  $1,135,040  

Induced  75.5 $4,329,022  $7,701,007  $11,870,913  8.9 $509,734  $906,747  $1,397,734  

Total  364.5 $19,985,678  $26,603,962  $44,592,885  41.7 $2,354,083  $3,295,020  $5,324,775  

New York Direct  4.3 $277,506  $453,671  $6,635,500  50.4 $3,823,140  $4,173,243  $6,604,000  

Indirect 16.2 $1,167,273  $1,595,534  $2,306,136  16.2 $1,168,739  $1,597,598  $2,309,058  

Induced  6.1 $405,756  $685,509  $1,009,092  21 $1,396,121  $2,359,097  $3,472,582  

Total  26.6 $1,850,536  $2,734,714  $9,950,728  87.6 $6,388,001  $8,129,938  ######### 

* For comparison purposes, the shipping volume for all ports is 100,000 tons. 
Four major container ports in the US are used as an example to demonstrate 
the differences in charging systems. The differences of cargo/vessel type 
distribution across ports are captured by the detailed breakdown of Tables 4 
and 5. Then two charging systems- by tons and by vessel type - are compared 
to present the differences in how tariff data is used. Direct output is the same 
as port revenues. 
Source: Authors’ configuration 
 
  



	

 

4.3. Implications and policy  
The US Government supports a complex and comprehensive navigation 
system, both coastal and inland, that generates substantial benefits to the 
nation. The US Army Corps of Engineers’ (USACE) navigation mission is 
aimed at providing safe, reliable, and efficient waterborne transport systems 
to serve domestic and international markets. Improvements to the navigation 
system funded by the Federal Government and implemented by the Corps are 
subject to a detailed cost -benefit analysis which includes the quantification 
of benefits that accrue at the national and regional level. As a part of the four 
Principles & Guidelines accounts (National Economic Development, 
Environmental Quality, Regional Economic Development, and Other Social 
Effects), the Corps have well established methodologies to estimate benefits 
at the National level associated with navigation projects. It is not until recent 
years, however,  that the Corps started to pay attention to the need to 
estimate regional economic development (RED) impacts associated with 
federal projects. The economic crisis of 2009 and the associated loss of 
thousands of jobs brought the need to estimate regional impacts, particularly 
jobs supported by investments in infrastructure, to the forefront. Given the 
specific characteristics of the navigation sector, the next challenge is to 
incorporate these impacts into the Corps decision making framework. 
The Corps approach to planning for navigation infrastructure involves the 
formulation and evaluation of various alternatives to meet the existing and 
future needs of the port or harbor under evaluation. The optimum alternative, 
the one that maximizes national economic development benefits, is the one 
recommended for implementation. National economic development (NED) 
benefits include reductions in transportation costs (savings that translate into 
lower prices to consumers). Other benefits, such as reduction or elimination 
of delays and improved safety are also considered as part of the evaluation 
process.  
The Corps recognizes the significant impact of navigation infrastructure at 
regional and local levels. Although the quantification of regional economic 
impacts has been a requirement in policy and regulations for the last 30 years, 
budget constraints for study development and the lack of an acceptable 
model that incorporated the full array of economic activities, direct and 
indirect, precluded field planners from quantifying these impacts. With the 
passage of the American Recovery and Reinvestment Act (ARRA) in 2009, the 
need to quantify RED impacts associated with ports’ infrastructure and to 
develop acceptable tools of national applicability became more critical. 
This study will provide a framework for the Corps to utilize ports’ existing data 
to update needed spending profiles for economic impact analysis. This 
component will also allow USACE users to conduct simulations of activities 
related to commercial shipping across all coastal ports in the US as well as 
produce annual economic impact reports for economic impacts of each ports 
based on their actual shipping volumes, which is a common, readily available 
unit of analysis for USACE navigation studies. In this manner, users will save 
considerable time and resources because regional economic impact 
estimates will require a single, readily available unit of measurement.  
5. Final Remarks and Conclusions 



	

 

Our study found port tariffs are uniformly available and published annually in 
more than 95% of the ports studied. We also found that the published 
information tends to be up-to-date and tariff documents have a consistent 
format from year to year making analysis easier and faster. This makes it 
possible for researchers to better understand the ports’ characteristics, 
business structure and flows as well as to extract rates information in a 
systemic and efficient manner. This saves time and should generally improve 
the accuracy of end-user generated spending profiles because collecting and 
computing a variety of measurements is no longer necessary to estimate 
economic impacts. Therefore, port tariffs are a reliable, accurate, and up to 
date information source for estimating economic impacts of cargo movement 
through the ports.   
According to our best knowledge, tariff data have not been used yet in the 
maritime economic impact studies. The reasons why this has not been the 
case could come from two folds. First, in general, tariff data collection is 
indeed a cumbersome exercise and the inconsistency may be hard to 
completely avoid. While many port(s) or port authorities publish pricing 
schemes, there are a variety of commercial negotiations which allow for 
severe differences between what is actually published and how the tariffs are 
calculated. Further, ports differ in governance structures, as well as financing 
mechanisms (e.g. through grants or subsidies from local, regional or state 
governments) and thus the way port charging schemes are set up might differ 
substantially. This might explain the relatively large differences between cost 
coefficients in table 4 (e.g. port services for containers in Long Beach are 
twice as high as the ones in Los Angeles, and New York generally has a much 
lower cost index). Also the “other” category seems to have large coefficients 
which might warrant attention to these results. Second, other thoughts may 
come from the structure of the major categories of port charges. In genera 
port charges including cargo handling/terminal operations account for 
approximately one-third of the total logistics costs (based on recent studies in 
Europe). Other port infrastructure and service charges account are thus quite 
insignificant, hence the reason why this elements might not have had the 
attention.  
Likewise, sufficient port spending information and proper unit conversion 
scales used when converting various relevant units of charges into tonnage 
will significantly affect the overall outcomes. There are scholars that question 
whether port tariff information consistently reflects spending related to cargo 
movements. For example, tariffs are published publically available rates; 
however, there is evidence suggesting that, in practice, ports offer discounts 
to businesses that are not reflected in published tariff rates as parts of their 
competitive, profit maximizing strategies. Others believe the rates in tariffs 
overestimate actual spending. Thus, future steps we recommend is to provide 
alternative converting methods based on: (1) standard practices from daily 
port operations, and (2) port/maritime experts’ inputs to identify a commonly 
accepted unit.  Moreover, some unsolved questions remain for future 
research: 

• How to recognize the similarity (in this case, Ports of Houston, Long 
Beach, and Los Angeles), difference (in this case, Port of New York) 



	

 

and/or the inconsistency in estimating quantitative configurations of 
cargo movements. 

• Does the way to quantify/model port specific characteristics and 
feature (in this case, local purchase coefficient) into the RECONS 
influence the results?   

• How feasible is it to extend the usage of tariff data to other ports in 
RECONS simulation model? 
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