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Abstract
The mega-region as a level of urban agglomeration has aroused great interest in the field of regional studies in the last decade. This study analyzes the flow of freight tonnage and value inside and outside mega-regions in the United States for 2002 and 2007. While areas outside mega-regions generate larger volumes of freight tonnage than those within, freight within mega-regions has a higher value per ton after controlling for population, income and gas prices. Further, freight data at the industry-level is also compared between mega-regions and non mega-regions. Wholesale trade, regional management, and publishing industries dominate in creation of freight in mega-regions, mining industry makes up a substantial portion of freight tonnage and value in non mega-regions. 

Introduction
The concept of mega-regions has aroused great interest among urban scholars and policy makers in recent years. Scholarly interest in urban agglomerations stems from their importance to economic productivity and social wellbeing. Mega-regions are large agglomerations consisting of multiple metropolitan areas. In the United States, ten mega-regions are home to the majority of the population and central to most economic activities. With large populations and labor forces, which are often highly specialized, creative and productive, high transportation volumes, some believe mega-regions have become more important economic development units than a single city or county now. Florida (1) has argued that the world has entered into the era of mega-regions. They also may provide a new context for regional planning and policy making in the United States (2). 

The issue of infrastructure in general and transportation in particular remains central to understanding the concept of mega-regions. Of particular interest is the movement of goods via freight transportation systems. Freight industry stakeholders, including producers, consumers and intermediate suppliers, depend on the freight transportation system to link with each other. Annually, highways carry approximately 69 percent of freight tonnage and 71 percent of freight value (3). 

An efficient and reliable freight transportation system is necessary to realize the benefits of industry agglomeration and scale economies within mega-regions. Analyzing the patterns of freight flows will contribute to the better understanding of regional economies. Therefore, the purpose of this paper is twofold: to provide an overview and identify key factors explaining potential differences in freight flows between mega-regions and areas outside of mega-regions.

This paper is divided into five sections. Section 2 discusses the literature and contains several definitions of a mega-region, and examines different economic and demographic factors affecting freight flows in the United States. In section 3, we state our research questions. The methodology, and data are described in Section 4, along with some descriptive statistics. Regression models follow in Section 5. We conclude the paper with a discussion of results and policy implications. 
Literature Review
Definition of Mega-Region

Several researchers have conceptualized the notion of a mega-region as a level of agglomeration (1, 4). Planners are however still looking to integrate this measure of agglomeration into the regional planning process. 

In 1961, Gottmann used the Greek term “Megapolis” to describe the Northeast seaboard of the United States (5). In recent years, several scholars have used the term mega-region to characterize clusters of major U.S. cities and their surrounding areas, where over three-fourths of all economic activity takes place, and over 80 percent of the population resides. However, as Ross points out, delineating boundaries of a region can vary depending on community perceptions and visions, data methods and the preceding theories that define them (2). The definition of megaregions likewise follows different criteria in different studies, among which three comprehensive analyses at the national level attract most attention. 

The report America 2050 by the Regional Plan Association (RPA) of New York (6) identified 10 emerging mega-regions in the U.S. (Exhibit 1). To qualify as a mega-region under their definition, the region must contain at least two metropolitan areas that are close to each other not only geographically but also in environmental system and topography, economic and infrastructure linkage, and culture and history.  

Using a different set of criteria, researchers at Virginia Tech’s Metropolitan Institute defined 10 “megapolitan areas” as clustered networks of United States’ metropolitan and micropolitan areas that exceed 10 million total residents” (7, 8). In addition to occupying similar physical environments, their megapolitan areas together form functional urban networks, linked through major transportation infrastructure. 

Another study by Florida, Gulden and Mellander used a dataset of nighttime light emissions to identify a set of megaregions (1). Utilizing data from the U.S. National Oceanic and Atmospheric Administration (NOAA), they identified 40 mega-regions worldwide. Contiguous lighted areas implied intensive human activities in cities and surrounding hinterlands, indicating that the areas may share productive capability, knowledge economies, and labor markets with each other.

Though based on different approaches, almost every definition of mega-regions in the existing literature addresses both functional relationships and physical relationships between areas. For example, a study of the Midwest mega-region defined its boundary based on shared industrial economic activities, which created trade flows and economic connections (9).

Factors Affecting Freight Flows
Freight demand is a function of economic, demographic, political and environmental factors. In any economy, the amount of goods produced and consumed, and relationships between producers, consumers and intermediate suppliers influence the level and spatial distribution of freight flows. A Federal Highway Administration study summarizes key factors affecting freight flows (10). 

Freight demand is strongly associated with the economic structure of a region that further depends on type of industry, level of personal consumption and trade in an economy. The type of industry has a direct influence on the level and mode of freight transportation. Manufacturing and service industries have unique freight characteristics that may affect transportation differently. The volume of freight transported also depends on the level of personal consumption in an economy. Higher incomes allow higher retail consumption, which in turn generates increased demand for freight flows. Moreover, goods transported locally, domestically, or across country boundaries influence freight origin-destination shipment patterns and modal splits.

The reduction in transport costs is a critical factor of growth in freight transportation (11). A large component of total freight transport cost consists of fuel costs, especially for air and truck transport (12). It may thus be reasonable to infer that changes in fuel cost might lead to adjustment in freight flows. However, fuel costs, to some extent, could be decoupled from freight flows through technical measures such as increased vehicle efficiency, shifting fuel and transport mode. “[W]ith low transport cost for commodity goods relative to the total production cost, higher fuel prices will most likely have a serious effect on haulers, but not on the structural demand for more transport” (13). 

Other factors that indirectly affect demand for freight through their influence on costs and services include investment, zoning, security, safety and environmental regulations. For example, safety and environmental regulations may affect vehicle size and weight limitations, and therefore mode. Geographic location may also affect industrial location and thereby freight transportation demand (14, 15). The widely used gravity model in freight flow modeling expresses this interaction between any pair of places as proportional to the product of their population and inversely proportional to the distance between them. The cost of transportation faced by firms located in a given region may also be an important consideration. 

The regional economics literature emphasizes the importance of transportation infrastructure that affects transportation costs in theories of firm location, industry agglomeration, and scale economies (16, 17, 18, 19). Empirical analysis by Glaeser (20) and Matthews (21) has shown that lower transportation costs contribute to industrial agglomeration.

Agglomeration economies arise for three reasons, originally defined by founding neoclassical economist Alfred Marshall. First, the concentration of several firms in a single location offers a pooled market for workers with industry-specific skills, ensuring both a lower probability of unemployment and a lower probability of labor shortage. Second, localized industries can support the production of non-tradable specialized inputs. And third, informational spillovers can give clustered firms a better production function than isolated producers (17).
Marshall’s three premises all relate to the transport costs required for circular flow in the economy, according to Glaeser. “[G]ains from concentration of firms, whether in cities or geographic clusters, always ultimately come from reducing some form of transport costs.” Glaeser (22) constructed a “coagglomeration index for manufacturing industries”, measuring how the presence of one industry type could predict the likelihood of another industry type. He found coagglomeration patterns between many industry pairs but found that coagglomeration remained the strongest within sub-SIC2 industries (these refer to all two-digit Standard Industrial Classification (SIC) industries that are also classified at a more detailed level). In 2007, Glaeser (22) examined the extent to which pairs of industries that co-located also exchange goods, hire similar workers, or share ideas. He found that transportation costs matter. Firms agglomerated near industries that they buy from or supply, and in proximity with firms employing similar labor. 
The composition of production (and hence freight) also differs significantly between medium-sized (edged) cities and large metro (primate) cities (17). Firms specializing in traditional items locate themselves in edged cities, in close proximity with larger service-based metro cities thus reducing congestion costs associated with agglomerating more and more in large metro cities. A freight system facilitating an efficient transportation of freight from edged cities (industrial peripheral cities) to primate cities (large metro cities) may be crucial to economic progress related to mega-cities in the United States.    

Research Questions
Historically, economic growth has been associated with growth in freight transport (23). Modern improvements in transportation technology enable people and goods to travel faster and at significantly lower cost. Efficient transportation networks increase social and economic interactions between cities and the larger metropolitan areas, thus expanding the conventional borders of metropolitan areas to meld into mega-regions. If mega-regions are indeed a unit of central importance to prosperity, they should also function as efficient centers of economic activity. 

This study analyzes freight volumes and value in mega-regions as compared with areas outside of mega-regions (or “non-mega-regions”) in context of the above literature. It also identifies key factors explaining potential differences between them. Examining freight data at the industry level may also help reveal the role freight transportation plays in the economic viability of mega-regions. 

Therefore, this paper examines the following two research questions:

1. How do freight volumes and value differ spatially between mega-regions and non mega-regions? Is there a significant difference in freight value per tonnage between mega-regions and non-mega-regions, after controlling for economic and demographic factors?

2. Does freight transportation play a significant role in the economic viability of mega-regions? 

Methodology and Data Analysis
Description of Data Sources

The principal focus of this study is on freight movement within and between mega-regions and non-mega-regions. Freight data are drawn from the 2002 and 2007 Commodity Flow Survey (CFS). The CFS is a component of the Economic Census undertaken every five years through a partnership between the Census Bureau and the Bureau of Transportation Statistics (BTS) (3). These surveys provide large datasets on freight flows within the U.S. and include freight type, origin, destination, values, weights, modes of transportation, distance shipped, and ton-miles of commodities shipped. 

The CFS data are divided into 106 Commodity Flow Survey Zones (“zones”), 55 of which are located within mega-regions. CFS zones are based on Metropolitan Statistical Areas (MSAs), Consolidated Statistical Areas (CSAs), entire states or “remainder of state,” that is, areas of states outside of the metropolitan CFS zones.

The boundaries of mega-regions in this study are comprised of one or more CFS zones. They do not exactly coincide with the mega-region boundaries defined by America 2050. America 2050’s 10 U.S. mega-regions cover 970 counties with an area of 740,414 square miles (Exhibit 1). The 10 U.S. mega-regions in this study are generally somewhat smaller, including 794 counties with an area of 520,058 square miles. 
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                                      (a)                                                                              (b)
	Mega-Regions
	America 2050 Definition (a)
	Definition in our study using CFS zones (b)

	
	Number of counties
	Area size 

(in sq mile)
	Number of counties
	Area size 

(in sq mile)

	Arizona Sun Corridor
	8
	48,803
	3
	23,801

	Cascadia
	43
	47,226
	14
	12,628

	Florida
	43
	38,356
	73
	56,556

	Gulf Coast
	56
	83,884
	10
	4,030

	Midwest
	389
	205,452
	428
	223,191

	Northeast
	161
	61,942
	118
	48,363

	North California
	31
	47,928
	16
	15,133

	Piedmont Atlantic
	121
	59,525
	78
	36,096

	South California
	17
	61,986
	11
	64,729

	Texas Triangle
	101
	85,312
	43
	35,531

	Ten Mega-Regions in Total
	970
	740,414
	794
	520,058


Exhibit 1: Mega-region Components: Comparison between America 2050 definition and definition in this study using CFS areas

Note that the CFS does not represent a comprehensive picture of national freight flows (24).  The survey excludes establishments classified as farms, government, forestry, fishing, utilities, construction, transportation and most retail and service industries (3). The original CFS only includes freight estimates for certain subsets of the following six industries in the North American Industry Classification System—Mining and Gas (21), Manufacturing (31-33), Wholesale Trade (42), Retail Trade (45), Warehousing (49), Publishing (51), and Regional Management (55). For example, although Mining and Gas is further broken down into Mining (212) and Gas (211), the CFS only includes Mining (212). Further, the CFS reports separate freight flows for each subset included. For example, the CFS records separate entries for the two three-digit levels of Wholesale Trade included, Durable Goods (423) and Non-Durable Goods (424). 

The County Business Patterns (CBP) survey of the Economic Census contains complete data on all firm characteristics by county by exact NAICS 6-digit specification. Both freight and firm characteristics are reported by industry according to an aggregation method using the two-digit NAICS. The dataset collects all freight and firm characteristics, including firm employment, firm size, and firm annual payroll, from the NAICS subsets from the CFS and adds them together at the 2-digit level.

The 2002 and 2007 CFS reports from BTS include freight tons, ton-miles, value, and average miles of trips originated for each zone. Each of these characteristics is broken down into six NAICS 2-digit industry classifications included in the survey. The complementary inbound characteristics are also included but cannot be broken down into industry. Hence inbound freight data was not available. 

In addition to freight-related data, the dataset contains several economic and demographic indicators. These data are mostly available at the county level. The county-level data are aggregated into CFS areas using a combination of maps and descriptions of mega-region boundaries published by America 2050. 
In order to normalize the distributions of the independent and dependent variables used in the regression analyses, variables were transformed into logarithmic forms. 
Data Analysis 

Descriptive Statistics 

BTS estimates that the industrial segments included in the CFS cover about 60% to 70% of the total freight universe in the United States. These industries collectively employ 17.7 million workers (i.e., 10% of the total work force), 70% of whom are employed in mega-regions. Most of these employees come from the manufacturing and wholesale sectors, which respectively employ 8.3 million and 5.3 million workers.

In 2007, the Commodity Flow Survey (CFS) estimated a total $23.4 trillion of goods flowing over the nation’s freight system. These goods weighed a total of 25.1 billion tons and traveled a total of 6.6 trillion ton miles (Exhibit 2). This compares to 2002 when the CFS estimated a total of 23.3 billion tons of freight worth $16.8 trillion that traveled a total 6.23 trillion ton miles. Freight related industries in mega-regions generated 13.1 billion tons, $14.9 trillion worth, and 2.9 trillion ton miles of freight. 

	
	2002
	2007

	
	MEGA-REGIONS
	NON MEGA-REGIONS
	TOTAL
	MEGA-REGIONS
	NON MEGA-REGIONS
	TOTAL

	Freight tonnage (mill)
	Inbound
	6,710
	4,958
	
	6,886
	5,657
	

	
	Outbound
	6,000
	5,658
	
	6,250
	6,306
	

	
	Total
	12,710
	10,616
	23,326
	13,137
	11,963
	25,100

	Freight Value ($bill)
	Inbound
	5,439
	2,958
	
	7,438
	4,247
	

	
	Outbound
	5,430
	2,967
	
	7,557
	4,157
	

	
	Total
	10,869
	5,925
	16,794
	14,995
	8,403
	23,398

	Ton-miles (bill)
	Inbound
	1,736
	1,362
	
	1,788
	1,557
	

	
	Outbound
	1,182
	1,953
	
	1,202
	2,120
	

	
	Total
	2,918
	3,315
	6,233
	2,990
	3,677
	6,667


Exhibit 2: Descriptive statistics of total tonnage, freight value and ton-miles by mega-regions and non-mega-regions
Mega-regions collectively employ about 65% of workers and generate about 65% of the value, indicating a constant output of freight value per worker regardless of location (Exhibit 3). However, mega-regions neither generate a proportional share of tonnage nor freight ton-miles. Despite having 65% of the freight producing economy, mega-regions only generate 50% of freight tons and 35% of freight ton-miles.

The 10 mega-regions exhibit clear differences of proportion in employment, tonnage, value and ton-miles. The Midwest mega-region alone generates about 18.6% of the total freight tonnage. The Northeast Corridor, Texas Triangle, and Southern California mega regions each contribute significantly larger shares of tonnage and value than smaller mega regions.
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Exhibit 3: 2007 Inter-regional differences in freight tonnage, value and ton-miles.

Comparative Statistics

The above comparisons of employment, freight tons, and freight value can be further examined by comparing freight ratios measured in the CFS zones within mega-regions against those of non-mega-regions. First, freight per employee ratios will be examined to see whether firms in mega regions generate freight with the same intensity as firms in non-mega regions. Second, value-to-ton ratios will be examined to see whether freight is more valuable in mega-regions. Third, inbound-to-outbound ratios for tons and value will be examined to see whether mega-regions are net generators of value and tonnage. 

Freight per Employee Ratios: Mega-regions produce less freight value and fewer freight tons per employee. On average, every employee in a freight-related firm in a mega-region annually generates 1,450 tons of freight worth $1.05 million that travels 340,000 ton-miles. In non-mega-regions, each employee produces on average 3,380 tons of freight worth $1.76 million that travels 1,410,000 million ton-miles (Exhibit 4). 

	Mean Value
	Mega-Regions
	Non-Mega-regions
	t-value *

	Tons per employee (in ‘000)
	3.38
	1.45
	5.3727

	Value per employee (in millions)
	1.76
	1.43
	3.2269

	Ton-miles per employee (in millions)
	1.41
	0.34
	5.4526

	Value per ton (Outbound)
	1.32
	0.74
	(5.4341)

	Value per ton (Inbound)
	1.09
	0.80
	(4.8618)

	Outbound-to-Inbound Value ratio
	0.90
	1.05
	(3.0154)

	Outbound-to-Inbound Tonnage ratio
	0.90
	1.13
	2.3024

	Note: * - Welch’s t-test yielded t-values indicating significant differences between the two groups.  


Exhibit 4: Results of t-tests

Value per Ton: Mega regions generally have higher value-per-ton than non-mega-regions, although these differ quite significantly among mega regions (Exhibit 5).
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Exhibit 5: Box Plots comparing mega-regions and non mega-regions
On average, outbound freight tons are worth more in mega-regions ($1,240) than in non-mega regions ($624). Similarly, inbound freight tons are worth $1,046 in mega-regions and $738 in non-mega-regions. 

T-tests confirm that mean value-per-ton ratios differ significantly between mega-regions and non-mega-regions. While testing for significant differences between mega-regions and non-mega-regions in total outbound freight value-per-ton and total inbound freight value-per-ton ratios, t-tests yielded values greater than 3 (Exhibit 4).
Inbound/Outbound Ratios: The mean value of outbound freight in mega-regions is 105% of that of inbound freight, compared to 90% in non-mega-regions (Exhibit 4). On the other hand, mega-regions have less outbound tonnage per unit of inbound tonnage. The average tonnage of outbound freight in mega regions is 90% of the tonnage of inbound freight, compared to 113% in non-mega regions. 


In summary, despite creation of high freight value, mega-regions do not generate corresponding shares of freight tonnage or ton-miles. Inbound and outbound freight flows indicate that relatively more freight flows out of non-mega-regions, and more freight value flows from/into mega-regions. Furthermore, an employee in mega-regions generally generates less freight than an employee in non-mega-regions. 
Regression Analysis
Choice of Variables 

The research used regression analysis to investigate how being part of a mega-region related to the freight characteristics of a CFS zone, controlling for per capita income, population and gas prices. Exhibit 6 shows dependent variables, independent variables, and expected signs. A total of 104 observations comprise data for this study, one for each CFS zone.
	Dependent Variable
	Independent Variables 
	Expected Sign of coefficient

	Total Tonnage
	Mega-region dummy
	-

	
	Personal income per capita
	-/+

	
	Gasoline price per gallon dummy
	-

	
	Population
	+

	Total Value
	Mega-region dummy
	+

	
	Personal income per capita
	+

	
	Gasoline price per gallon dummy
	-

	
	Population
	+

	Value per ton
	Mega-region dummy
	+

	
	Personal income per capita
	+

	
	Gasoline price per gallon dummy
	+

	
	Population
	+

	Inbound Value per ton
	Mega-region dummy
	-/+

	
	Personal income per capita
	+

	
	Gasoline price per gallon
	+

	
	Population
	+

	Outbound Value per ton
	Mega-region dummy
	+

	
	Personal income per capita
	-/+

	
	Gasoline price per gallon dummy
	+

	
	Population
	+


Exhibit 6: List of Dependent and independent variables

The dependent variable value per ton captures differences in freight patterns between commodity goods in different CFS zones. The variable is calculated for total tonnage, including inbound and outbound freight, and is a useful summary statistic to measure intensity of a region’s use of transportation services. 

While total tonnage includes inbound and outbound tonnage, different inbound and outbound freight characteristics could be associated with mega-regions. Hence inbound and outbound freight values per ton are used in separate regressions. For example, inbound value per ton in a mega-region may tend to be larger as more finished goods are demanded in primate cities. However edged cities in mega-regions could be receiving more raw materials of relatively lower value. Hence, the average value per ton in a mega-region could be either positive or negative depending upon the volume and composition of freight entering the primate and edged cities it contains.
Gasoline price per gallon is denoted by a dummy variable. The average gasoline price is used as a cut-off point to define high (above average) and low (below average) value. Higher gasoline prices imply higher total transportation costs and might induce firms to cut down transportation of certain freight. The other independent variables, specifically population and personal income per capita will be indicative of demand for freight. As incomes rise, more freight is likely to be demanded. However, this would depend on the composition of freight and so it is therefore difficult to predict whether high or low total freight would be associated with mega-regions. 

Regression Results and Interpretation


Regression results appear in Exhibit 7. Being in a mega-region is not associated (and not statistically significant) with higher tonnage for 2002 and 2007. However, the regression results do indicate that in 2007, mega-regions had a higher freight value and value per ton. One possible explanation for these results is that higher freight value in mega-regions is disproportionately derived from finished goods, distributed in and out of larger service-based cities and specialized edged cities. 


In 2007, inbound and outbound freight values per ton are both positively associated with mega-regions. Higher inbound freight value in mega-regions could result from the possibility of higher demand for higher value freight in the service-oriented large cities of mega-regions and/or the exportation of semi-finished goods to manufacturing-based edged cities


Average gasoline price exhibits a constant negative and significant relationship with total tonnage and freight value. In other words, total freight tonnage and value are lower in areas with higher gasoline prices. But when regressed against value per tonnage, the sign of the coefficient reverses, which may be indicative of some prioritization of high-valued goods for shipments by establishments. 


Higher population is associated with higher total freight volume and value. This implies that highly populated metro areas are associated with total freight of higher tonnage and value. Higher personal income per capita is associated with higher value per inbound freight tonnage in 2002 and 2007. Consistent with priors, consumers with higher levels of income are demanding more freight value per ton. 


Models 3, 4, and 5 with value per ton as the dependent variable explain about 30 percent of the variation, while models 1 and 2 explain slightly more than 50 percent of the variation in total tonnage and value respectively. 

	
	Total Tonnage

Model 1
	Total Value

Model 2
	Total

Value per Ton

Model 3
	Outbound Value per Ton

Model 4
	Inbound

Value per Ton

Model 5

	Year
	2002
	2007
	2002
	2007
	2002
	2007
	2002
	2007
	2002
	2007

	Multivariate Model
	
	
	
	
	
	
	
	
	
	

	Constant
	6.99*
	4.83
	-2.90
	0.04
	-11.52***
	-4.80
	-17.11***
	-4.73
	-9.97***
	-6.02***

	Gasoline price
	-0.34***
	-0.31***
	-0.27***
	-0.16
	0.03
	0.15*
	-0.06
	0.14
	0.10
	0.12**

	Population
	0.82***
	0.72***
	0.90***
	0.80***
	0.07
	0.09*
	0.07
	0.11*
	0.05
	0.06

	Mega-region
	0.05
	-0.13
	0.27***
	0.28***
	0.23*
	0.42***
	0.37**
	0.55***
	0.07
	0.24***

	Income
	-0.67*
	-0.29
	0.14
	0.01
	0.99***
	0.30
	1.07***
	0.25
	0.86***
	0.47**

	R2
	0.59
	0.52
	0.75
	0.66
	0.25
	0.31
	0.26
	0.30
	0.22
	0.30

	N
	103
	105
	104
	105
	103
	105
	103
	105
	104
	105



	Univariate Model
	
	
	
	
	
	
	
	
	
	

	CFS-covered Employment in Non-Mega-regions
	--
	0.972
	--
	1.010
	--
	.844
	--
	--
	--
	--



	CFS-covered Employment in Mega-regions
	--
	0.960
	--
	0.945
	--
	.793
	--
	--
	--
	--



	Level of Significance for difference between coefficients
	--
	n/s
	--
	99%
	--
	99%
	--
	--
	--
	--

	Multivariate Model Notes:  

- * significant at 0.1 level; ** significant at 0.05 level; *** significant at 0.01 level

- All dependent variables are logged.

- Independent variable population is logged; Income is the logged personal income per capita.

- Coefficients represent elasticities
	- Gasoline price and megaregion are dummy variables.

Univariate Model Notes: 

- Employment includes only the workforce within NAICS sectors covered by 2007 CFS

- All variables logged and coefficients represent freight-to-employment elasticity (Δfreight/Δemployment)

- Use White’s T-test to measure difference of mega region and non-mega region coefficient means


Exhibit 7: Regression Results

Does level of employment matter? 

A more precise method for examining freight patterns between mega-regions and non-mega-regions is to model the amount of freight that industries generate according to their size. Total employment indicates the relative strength of the firms in the CFS zone. 

Results shown in Exhibit 7 under “Univariate Regressions” imply that on average an additional employee in a mega-region is associated with a lower percent of tonnage or value than in a non-mega-region. Intuitively, this could be explained by differences in labor productivity associated with regions of distinct production bases. In non-mega-region cities, where production is specialized, marginal product of labor tends to be higher, as compared to mega-region cities with a diversified production base.

Does freight transportation matter to growth of regional economies?

An efficient freight transportation system will help firms mitigate their transportation costs while moving raw materials and semi-finished products to other manufacturing firms involved in the production of a product. These firms could be located farther away in non-mega-regions that have to transport freight to manufacturing firms located in edged cities of mega-regions. Alternately, these could be industrial firms located in edged cities of mega-regions, transporting goods to larger metro cities. In the latter case, these firms, by locating around large metro cities and not being part of them, accrue positive externalities to the existing business establishments, the latter also benefiting from lower congestion costs. A freight system that efficiently helps these businesses connect with each other will be crucial to the overall level of economic progress of mega-regions. 

This section briefly discusses the industrial composition of freight by mega-regions and non-mega-regions. Regressions are also run to test for association between freight tonnage and value by four major industries, while controlling for number of firms, annual payroll per employee and gas prices. 
Manufacturing and wholesale industries generate a significant share of total tonnage and freight value in mega-regions and non-mega-regions. On the other hand, over one-third of total tonnage in non-mega-regions is generated by mining and gas industry, in contrast with 21 percent in mega-regions (Exhibit 8). In line with this, ton-miles of the mining industry make up almost half (46%) of the total as against 7% of mega-cities’ ton–miles. Most of the ton-miles in the mega-regions are in manufacturing and wholesale industries (91%). 

While significant fractions of freight value in mega-regions and non-mega-regions are in manufacturing and wholesale industries, approximately equal shares are contributed by retail trade industries comprising electronic shopping and mail-order houses. Not surprisingly, 1% of the total freight value in non-mega-regions comes from mining and gas industry.
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Exhibit 8: Industry Composition of outbound freight tonnage/value

Exhibit 9 shows that the industrial sectors of manufacturing and wholesale trade account for a significant share of freight-related employment, tonnage and value of freight. While 21% of the total manufacturing tons originate within mega-regions, 18% of the tons are generated in non-mega regions. Of all the wholesale firms surveyed, 70% of the total employment is generated in mega-regions. These firms generate a disproportionately high share (58%) of the freight tonnage. Consistent with the overall industry findings, a much higher value of freight in manufacturing and wholesale sectors is added in mega-regions as compared to non-mega-regions. 

The Midwest region and Northeast corridor contribute 35% and 13% of the total manufacturing outbound tonnage in mega-regions, respectively. The freight value generated is 43% and 15%, respectively. In contrast, the shares of wholesale tonnage for the Midwest and Northeast corridor are 33% and 16%. Among mega-regions, the freight value generated in each of these regions is 28% and 22%, respectively. 
Regressions are run to test for association of mega-regions with industry-specific outbound freight tonnage and value in year 2007, while controlling for gasoline prices, firm size and annual payroll per employee. The results are presented in Exhibit 10. The addition of firms’ characteristics, specifically firms’ size and annual payroll per employee will control for economies of scale and labor costs. While a larger firm size is expected to exert a positive influence on total freight tonnage and freight value exported, the influence of annual payroll per employee may be either positive or negative. 

	Content
	Total

(%)
	Mega Region Total (%)
	Non-Mega Region Total (%)
	Midwest

(%)
	Northeast

(%)

	Region’s % of total employment in CFS
	100
	71.0
	29.0
	23.1
	16.7

	Region’s % of total Freight Value
	100
	65.2
	34.8
	22.9
	12.4

	Region’s % of total Freight Tons
	100
	50.5
	49.5
	18.6
	7.1

	Region’s % of total Freight Ton Miles
	100
	36.6
	63.4
	17.0
	4.3

	Manufacturing % of Total Employment
	47.4
	32.7
	14.7
	12.3
	6.3

	Manufacturing % of Total Value 
	45.3
	27.3
	18.1
	11.7
	4.1

	Manufacturing % of Total Tons
	39.1
	21.1
	18.0
	7.4
	2.8

	Manufacturing % of Total Ton Miles
	42.1
	19.0
	23.1
	8.9
	1.8

	Wholesale % of total employment
	30.3
	21.4
	8.9
	5.8
	5.5

	Wholesale % of total Value
	41.5
	30.0
	11.5
	8.4
	6.7

	Wholesale % of total Tons
	28.8
	16.8
	12.0
	5.6
	2.8

	Wholesale % of total Tons Miles
	23.3
	13.5
	9.8
	5.7
	2.2


Exhibit 9: Freight and Economic Characteristics by Mega-Regions

As shown in Exhibit 10(a), mega-region is a negatively significant dummy for retail trade and a positively significant dummy for publishing industries’ outbound tonnage. Consistent with theory, freight value generated by the mining and gas industry is negative and significant in mega-regions. Freight value in mega-regions is positively associated with wholesale trade, regional development and publishing industries as indicated in Exhibit 10(b). 

The average firm size is statistically significant and positively associated with mega-regions. It is not surprising that larger firms produce large volumes of freight. In addition to being locally consumed their freight is also exported. The explanatory power of models in the above regressions ranges is up to 50 percent. 

	Dependent Variable/Industry
	Constant
	Annual Payroll Per Employee
	Average Firm Size
	Gasoline Price 
	Mega-region
	R2

	(a) Outbound Tonnage

	     Mining 
	12.42*** 
	(0.23)
	1.02**
	(4.40)
	(0.09)
	0.31

	     Manufacturing 
	2.78
	0.66**
	0.91**
	1.57
	(0.13)
	0.11

	     Wholesale Trade 
	9.65
	0.32
	(0.01)
	(0.86)
	0.15
	0.01

	     Warehousing 
	(4.03)
	(1.13)
	1.75***
	7.31*
	(0.04)
	0.26

	     Regional Management 
	(2.93)
	0.58
	0.66
	3.88
	0.84
	0.07

	     Retail Trade 
	(0.97)
	1.01
	0.95***
	0.38
	(0.92)***
	0.12

	     Publishing 
	0.03
	(0.38)***
	0.29
	3.73
	0.94***
	0.32

	(b) Outbound Freight Value

	     Mining 
	1.07
	0.09
	1.71**
	(0.78)
	(0.50)*
	0.54

	     Manufacturing 
	(5.83)
	1.44**
	1.98**
	3.03
	0.04
	0.42

	     Wholesale Trade 
	3.48
	0.62
	0.56
	2.31
	0.41*
	0.16

	     Warehousing 
	(5.04)
	(0.65)
	2.21***
	6.56
	0.08
	0.41

	     Regional Management 
	(0.46)
	0.46
	0.77*
	2.23
	0.67**
	0.20

	     Retail Trade 
	(5.19)
	0.29
	1.55***
	6.24**
	0.08
	0.30

	     Publishing
	(0.41)
	(0.33)
	1.37**
	1.72
	0.63*
	0.23

	Notes:  

- * significant at 0.1 level; ** significant at 0.05 level; *** significant at 0.01 level

- Gasoline price and megaregion are dummy variables.


Exhibit 10: Regression results 

Conclusion
Significant differences in freight flows between mega-regions and non-mega-regions were observed for 2002 and 2007. While it is clear that non-mega-regions generate larger volumes of freight tonnage than mega-regions, the latter produce higher value freight. In 2007, mega-regions were associated with a higher value per ton ratio, after controlling for population, income and gas price.

Further, freight generated by different industries in mega-regions was contrasted with non-mega-regions. While wholesale trade, regional management and publishing industries dominated in contributing to creation of freight value in mega-regions, mining and gas freight made up a substantial share of total tonnage and value in non-mega-regions.  
The key findings of the above analysis may have implications for transportation policy-makers. While certain types of industry, specifically wholesale trade, generate larger volumes of freight in mega-regions, mining and gas industry freight is more specific to non-mega-regions. Moreover, other economic and demographic indicators between mega-regions and non-mega-regions also vary. Consequently, the nature of demand for freight transportation in mega-regions and non-mega-regions are likely to differ in significant ways. Further, the type of goods and distances traveled to transport these goods may have implications for the mode of freight transportation and its related costs that may call for a freight development strategy consistent with each region’s unique characteristics and challenges.


Within mega-regions, efficient connectivity between edged cities and larger metro cities may be crucial to economic growth. An effective and reliable freight movement policy connecting these metropolitan areas might help in reducing traffic congestion and ensure just-in-time delivery of goods. 


Although the 10 mega-regions in this study have some commonalities in freight flow patterns, every mega-region is unique in its industrial characteristics and economic strength. It is therefore not reasonable to compare Midwest’s total tons and value with Arizona Sun Corridor. Developing efficient freight systems obviously requires study of specific cases or scenarios, and remains a potential question for future research. On availability of time series data, a panel analysis to study evolution of mega-regions over time is another interesting topic of future research. 
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