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Abstract

This paper proposes the use of a quasi-accessibility index based on an empirical score of industrial diversity to model the effects of the transport network on the economy. The paper also considers a set of geographic controls that capture the effect of proximity to external markets on production. A production function is estimated for the 69 major metropolitan areas using data from the manufacturing sector in Mexico. The main result is that access to internal markets and proximity to external markets play an important role in explaining divergences in average production per worker across Mexican metropolitan areas. The results show regional divergences of these effects, which can be ascribed to differences in the industrial profile of the Mexican economy across regions.
Introduction
In Mexico, the National Road Network serves as a social and economic integrator of the country as a whole. The network has important effects on economic activity that can be identified as one of the fundamental determinants of regional development. Despite its importance, the linkage between economic activity and transport infrastructure has not been fully studied in Mexico, and the existing literature only presents a few examples. The main challenge that researchers studying this problem face is the lack of data.

The literature has focused on the estimation of aggregate production functions that incorporate as a determinant a quantitative measure of the public transport infrastructure.
 In the relevant literature for Mexico, Castañeda  et. al. (2000) use data for the manufacturing sector to estimate a production function at national level and find positive and significant effects of public infrastructure. Ramírez (2004) estimates an aggregate production function using a VAR model finding the same result. Costa-i-Font  et. al.  (2005), Looney  et. al. (1980) and Fuentes  et. al. (2003) find evidence of positive and significant effects of public infrastructure investment using different econometric techniques; however, Feldstein  et. al. (1995), Rodriguez-Oreggia  et. al. (2004), and Shah (1998) report a negligible impact. 

A methodological approach used to solve the data availability problem is the consideration of an attraction-accessibility measure.
 This empirical index, which is inspired by gravity models from human geography literature, has the additional advantage of taking into account the network properties of transport infrastructure. This approach has been used to analyse data from developing countries such as Indonesia, India, and Brazil (Deichmann  et. al. 2005, Lall 2001, Lall  et. al. 2004, 2005). In particular, Deichmann  et. al. (2004) use individual firm data from an industrial survey in Mexico to estimate a population accessibility index at the municipal level, and have found evidence that this variable has a positive and statistically significant effect on productivity. 

The present paper estimates a production function using municipal data from the manufacturing sector for the major 69 metropolitan areas in Mexico. The analysis uses an index of access to internal markets to quantify the effects of the transport network on the economy. The index considers road distances among each of the metropolitan areas and a score of urban hierarchy. Following urban ecology literature, the score is based on an entropy measure for ranking regions in hierarchies according to the diversity of their industrial production. The introduction of urban hierarchies recognises that the effects of infrastructure might be uneven across locations with different industrial profiles. The model also considers a set of geographic proxies that capture the effects of proximity to external markets on production.
The main result is that access to internal markets combined with proximity to external markets play an important role in explaining observed divergences in average production per worker. The results also show regional divergences of these effects, which may be associated with differences in the industrial profile of the Mexican economy across regions.
The paper is organised as follows: section 2 presents the empirical model; section 3 describes the data; section 4 discusses the results; and section 5 presents some final remarks.

Model
A production function using cross-sectional local level data from the manufacturing sector in Mexico is estimated using Equation (1):
	Equation (1)
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where yi,s is average production per worker of industrial sub-sector i in location s; zi,s is a vector of private input factors; (s is a vector of socioeconomic characteristics in region s; xs is a vector of variables that captures the effects of transport infrastructure on the economy; us is a random effect specific to location s; and (i,s is an independent and identically distributed random variable. Vector zi,s  is expressed in terms of input per worker.
The input factors that are considered in the empirical estimation are private stock of capital, labour, and intermediate consumption. The model considers human capital, measured as average schooling years of population in location i. We assume a Cobb-Douglass specification and no restriction on constant returns to scale are introduced. 

In literature, vector xi has been interpreted as the stock of public capital, usually estimated as the monetary value of public capital.
 Unfortunately, the use of this kind of pecuniary value for studying the linkage of transport networks with economic activity may not be appropriate; transport infrastructure is a spatially interconnected network, so any measure that attempts to capture its impact on the economy should take into account its structure and internal composition (Fernald 1999).
Finding a suitable scalar measure to quantify the effects of transport infrastructure on the economy is a crucial challenge. Another problem is that these effects can be uneven across locations.

Classic central-place theory states that an economy facing positive transportation costs organises itself across space in a lattice of central places serving a surrounding hinterland. In a diversified economy, a hierarchical system of cities emerges where high-hierarchy locations produce a large range of high-order goods, serving a large market area. On the other hand, low-hierarchy centres produce few goods and serve only a small market area (Berry 1967). Fujita  et. al. (1999) present a microeconomic model of a multi-sector economy located in a linear space. With positive transportation costs and scale-economies on production, the model predicts the emergence of an urban system that resembles central-place theory description, providing strong microeconomic foundations for the classical concept of hierarchy.

Locations of the same hierarchy might exhibit a homogenous economic structure and in principle should respond symmetrically to symmetric variations of technological and transport parameters. 
 Based on this idea, the present study proposes the use of an empirical score of hierarchy to control for uneven effects of transport infrastructure across hierarchically heterogeneous regions. 

Existing urban geography literature proposes several methods for the hierarchical classification of urban centres.
 These include the use of Shannon’s entropy index (H) as a criterion that takes into account industrial heterogeneity and specialisation for ranking cities hierarchically (Dendrinos et. al. 1985). The index follows the functional form presented in Equation 2 (Shannon 1963):

	Equation (2)
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where pi,j can be estimated as the ratio of production of the jth industrial activity respect to the total. H is non-dimensional and continuous in pi,j. In ecology, H is used as a measure of biological diversity. Analogously, it can be interpreted as a measure of industrial diversity. Heip (1974) shows that H has two components: heterogeneity, which can be interpreted as the industrial range –i.e. the number of industries located in the production centre- and evenness, in this case a measure that depends inversely on the specialisation degree of the city. Intuitively, if each industrial activity has the same weight in the economy (i.e. pi,j=n-1 (j ) then H is a monotonic increasing function of n. In this case, the score depends exclusively on the industrial range. On the other hand, given the case of two production centres with the same industrial, the least specialised city will have a higher score. 
The present study proposes using H to build a scalar measure to quantify the effects of the transport network on the economy. The proposed internal market index is shown in Equation (3). 
	Equation (3)
	
[image: image4.wmf]Õ

=

J

w

j

j

i

ij

i

H

H

A

,




where, H is the Shannon’s entropy index, and wij is a weight that depends inversely on the distance between location i and location j. The distance weights are estimated according to Equation (4): 

	Equation (4)
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where di,j is the length of the route that connects  locations i and j, k is a constant defined as the average distanced all the route in the sample, and Si is a scale parameter defined by Equation (5):

	Equation (5)
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In Equation (3), the term 
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 can be intuitively interpreted as the hierarchical score of the average neighbour of i. This expression is analogous to the attraction-accessibility measure from human ecology literature. (Hansen 1959).
 Index Aij, defined as the product of this expression and Hi, measures the potential industrial interaction between location i and the rest of the production centres, adjusted by the hierarchy of i. Since the index is estimated only for cities located within the country, we call it internal-market access index.

Index Aij is a monotonic increasing function of the own industrial diversity of location i. It unambiguously increases with respect to the industrial diversity of the average neighbour. Weight wij is decreasing with respect to the distance between locations i and j: the higher the value of Hj the higher the marginal value of this change. Intuitively Aij is higher if location i is geographically closer to sites with high industrial diversity, and if location i itself has a higher hierarchical score. We expect that the index captures the effect of geographic proximity to other cities on production and identify differences among the effects of high or low hierarchy cities.
The model includes another set of controls important for empirical analysis. After joining the North American Free Trade Agreement (NAFTA) in 1994, Mexico transformed itself into an export-orientated economy (between 1993 and 2000, the share of exports in the GDP increased from 15 to 34 percent). An external accessibility index that measures the potential economic interaction between the two countries would be an ideal quantifier. Unfortunately, the data needed for this estimation would put this task beyond the scope of this work. A less ambitious approach is to include as an explanatory variable a measure of the distance of each production centre to each border point or a port.
 This variable is estimated following Equation (6):

	Equation (6)
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where di,l is the length of the route connecting location i and border point or port l, k is a constant, defined as the average length of route di,l,  and ( is a weight that measures the relative importance of each border point or port. For the case of border points, ( is equal total to gross production of the urban centre where the border point is located divided by the total value of production in the border. For the ports, ( is the proportion of cargo -expressed in tons
- managed in that port respect to the total cargo shipped out of the country. These proportions are estimated for the ports located in the Pacific Ocean coast and the port of the Gulf of Mexico and the Caribbean Sea. Those production centres where a border point or a port is located received a value of (i,l=0. To demonstrate the effect that a border point or a port might have on these production centres the model considers two variables: the first is the interaction of a dummy for border point with the hierarchical score H of the urban centre where the border point is located.
 The other one is the interaction of a port dummy with the proportion of cargo managed in that port. 
Finally, the model includes a regional measure of road density for each location i.  This variable takes the same values for all sites located in the same region. Its inclusion will capture any effect of the transport network that the proposed geographic indexes might not be modelling. 
Data Description

Economic information, socio-demographic statistics, and digital cartography were provided by the National Institute of Statistics, Geography, and Informatics, (INEGI). Economic data at municipal level was taken from the 2004 National Economic Census. Municipal socio-demographic indicators such as population, schooling, and urbanisation rates
 were taken from the 2000 National Population Census, and geographic data were obtained from Integrated Geo-statistical System Browser of Mexico (IRIS), the Topographic Digital Dataset (TDD), and the Geo-statistical Municipal Framework (GMF). 

The dataset is based on a sample of 229 municipalities that integrate 69 metropolitan areas.
,
 These metropolitan areas are distributed across the 32 states of the country. They represent the 56.5 percent of the national population and concentrate nearly 78 percent of the national industrial production (Tables 1, and 2).
The core of the sample is composed by 229 municipalities grouped into 69 metropolitan areas.
 It includes all the municipalities where a settlement with a population of 100,000 or more is located.
 It also includes all the municipalities where an urban settlement contiguous to the main urban centre is situated.
 Municipalities with significant differences in their urbanisation rate with respect to the main urban area are excluded from the sample. This threshold is set at 20 percent for the Mexico City Metropolitan Area and 12 percent for the rest of the urban centres. 
The paper uses a cross-section dataset of the manufacturing sector, generated from the 2004 National Economic Census in Mexico. This dataset is an exhaustive survey that presents economic data of every economic unit in Mexico defined as an individual production site. Observations in the dataset are aggregate data at municipal level of each economic activity according to the 6-digit level North American Industrial Classification. Almost 65 percent of the observations in the sample represent aggregate information of only one or two economic units; however, strict disclosure laws forbid INEGI to reveal the exact number of firms in each cohort. The data used in the empirical analysis are as follows: gross value added, for production, private capital stock, intermediate consumption, and total number of workers. The Shannon Entropy Index H, is estimated using gross production data of the industrial sector.
 
The length of the routes in the distance weights in the access to internal markets index, as well as in the indexes of proximity to external markets are calculated using a model of Mexico’s transport network based on cartographic data of roads from the TDD. This data is used for classifying each road in the network in two hierarchies: national roads, including toll and non-toll truck roads, and local roads, consisting mainly of non-toll feeders and bridge lines. A detail of this classification is presented in Table 3.
The geographic location of each metropolitan area was obtained from the geographic coordinates of the main settlement in the area. These coordinates are obtained from the IRIS dataset. The coordinates for each northern and southern border point and cargo port were obtained respectively from the Department of Transport (US), the Ministry of Foreign Affairs (Mex.), and the Ministry of Telecommunications and Transport (Mex.)
The shortest route between each node in the network was estimated using the analyst tool of ArcMap software. The routes are identified using a hierarchical algorithm that privileges the use of national over local roads.
 The use of this algorithm makes route choice resemble reality, in contrast to a non-hierarchy restricted algorithm. The algorithm only gives a solution for direct routes. The indirect routes are identified using the Dijkstras shortest path algorithm. 
Finally, road densities by region are estimated using the TDD and geographic information on the limits and extension of each municipality from the GMF. The regional subdivision follows the military regionalisation of the Ministry of Defence (Mex.). 
 
Results and Discussion
The model was estimated under a generalised least square (GLS) regression. The estimated model allows variations on the coefficients of the production function and the geographic indexes by region considering the interaction of each variable with a regional dummy. The regression considers three regions as shown in Figure 1:  North, Centre, and South. The results of the regression are presented in Table 4. 
Table 5 shows the estimation of the model without geographic controls (i.e. vector xi in Equation 1). A comparison between the two estimated models shows that geographic controls explain practically all variations in average production per worker across groups, in this case the metropolitan areas. Finally, a concern in empirical research dealing with geographic data is the possibility of spatially correlated errors. The estimated residuals of the model do not exhibit spatial autocorrelation. The estimated Moran I are shown in Table 6.

Production Function Coefficients

The model identifies regional variations in the estimated coefficients of the production function. The results suggest that the production centres that are located closer to the north of the country operate with capital‑intensive technologies and exhibit increasing-returns-to-scale (IRS). All the estimated coefficients of the production function are significant at a 1 per cent level and have the expected sign. 
The results of the regional estimation present interesting divergences. The estimated elasticity of ys,i  with respect to private capital shows a lower value in the Northern region (0.096), higher in the Southern region (0.169), and takes an intermediate value in the Centre (0.147). This result evidences the presence of regional variations in technology across the country, which leads to differences in the relative use of capital and labour.
 In particular, the results suggest that the capital-intensiveness is higher in the Northern region, lower in the South, and intermediate in the Centre. This suggestion is supported by the assessment of labour elasticity: it takes a value of 0.492 in the North, 0.364 in the Centre, and 0.341 in the South. 
The coefficient for intermediate consumption presents no statistical differences in the Northern and Southern region ((2[1]=0.18); however, it is higher in the Centre, suggesting that in this region production is more sensitive to the supply of intermediate production factors such as energy and raw materials. 

The labour coefficient has a straightforward interpretation: a value different from zero must be interpreted as evidence of IRS in the industry; in fact the greater this value, the higher the importance of IRS. The regression shows that IRS is higher in the Northern region and lower in the South. The implication of this result is that firms operating with non-IRS technologies do not increase the average production per worker when they locate closer to other firms.
Regional variations in average schooling years are smaller than 0.5 years, (8.4 North, 8.1 Centre, and 8.0 South); however, their effect on production varies considerably. Just like in the other parameters of the production function, the implied elasticity of human capital exhibits important regional divergences: 0.022 and statistically non-significant for the North, 0.148 for the Centre, and 0.741 for the South. These results can have two possible explanations:  human capital might exhibit decreasing returns to scale, so it is more productive in regions with low levels. Alternatively, other factors - linked to the geography of the regions - might be fostering average production per worker. Given the small gap in schooling years across regions, the second option appears to be more reliable.
Transport Infrastructure and Geography

The results show that transport infrastructure has an important effect on average production per worker, conditional to the internal structure of the network, in terms of the links that it creates among production centres, and their relative importance. The results can be summarised in three basic points: 

a. Proximity to the northern border has a positive and significant effect in the Northern and Central regions. In the Northern region, border proximity, and the interaction of border city with H and H2 are jointly significant at a confidence level of 5 percent ((2[2]=0.015).
 In the Centre, proximity to the Northern border is significant at a level of 10 percent. In the Southern region, the coefficient is non-significant. Proximity to the southern border is negligible in the Northern and Central region; however, in the South, it presents a negative and significant coefficient that may be capturing an effect of distance with respect to the northern border that the first index is unable to get.
b. Access to internal markets is positive and statistically significant at 10 percent level in the Central region. In addition, this variable and proximity to the northern border are jointly significant for both the Northern and the Central Region with a confidence level of 5 percent. ((2[2]=4.58; and (2[2]=0.01 respectively).
c. The coefficients of the port variable and port proximity are jointly significant for the Gulf of Mexico and Caribbean ports in the Southern region ((2[2]=11.58). Nevertheless, the overall estimated effect is negative. These are the only significant effects of ports in the model.

Estimated Magnitudes of Access to Internal Markets
Table 7 shows the estimated contribution of internal market access to the average production per worker at the regional level. The first and the second columns of Table 9 show observed and estimated average production per worker in a natural logarithm. Column 3 presents the production implied by private inputs. This estimation considers the effects of private capital, labour, and intermediate consumption. Column 4 shows the estimated contribution of proximity to the northern border. In the Northern region, it represents 5 per cent of production, and 13 per cent in the Centre. 

The proximity indexes suggest that there is a positive and statistically significant effect of access to external markets upon the economy; however, the proxy variable used in the model is not good enough for generating a reliable estimated magnitude for this effect. 

Discussion

The results show that in the Northern region, both proximity to the northern border and access to internal markets have significant effects on average production per worker. However, the effect of access to internal markets is lower that in the Central region. This result is natural given the export-orientated industrial composition of this region where 55 percent of industrial output is concentrated on the production of equipment and metallic industries, as shown in Table 8. Road density has negligible effects on average production per worker, showing that in this sparsely populated region, transport infrastructure generates benefits as long as it connects the production centre with the border points.
In the Centre, both access to internal markets and proximity to the northern border are important; however, the effect of access to internal market is almost twice the impact as in the North. This result suggests that internal markets are more integrated in this region: firms located in diversified production centres that are well connected to other urban centres can make the best of backward and forward linkages in production. It is worth mentioning that road density in this region has a positive and significant impact on average production per worker. This variable might capture the impact of access to other urban centres that are not part of the sample. The results indicate that access to internal markets is not the only important variable, since proximity to the northern border, (i.e. the US market) is also significant. 
Finally, in the south it is not possible to identify a significant impact of transport infrastructure. The industrial composition of the region, as well as its demographic distribution, may explain this result.

A close analysis of the industrial composition in the Southern region shows a very different profile in comparison to the rest of the country: 55 percent of the industrial output is concentrated in the petrochemical sector. The peculiarities of this sector and its relative weight in the region have an effect on the parameters of the estimated aggregate production function. As indicated above, the estimated coefficients of the production function show that firms in the South operate with low-IRS technologies. This outcome is the result of the importance of the petrochemical sector, which operates under constant return to scale technology.
 Low-IRS suggest that average production per worker in these firms does not necessarily find benefits from access to internal markets since the type of backward and forward linkages that the industry develops are weaker. Another important characteristic of the sector is that it depends on pipelines, not road infrastructure, as a channel for distribution and supply. This fact helps to explain the negligible aggregate effects of access to internal markets and proximity to the external markets, variables that are estimated using road distances. The positive effects of proximity to the Pacific Ocean ports arise due to the very similar layout of the pipeline and road networks in this region. In other words, the coefficient is picking up the pipeline network effect, not the road network effect.
The peculiarities of the industrial profile in the South explain the negligible effects that transport infrastructure appears to have. Another explanation can be found in the population distribution of the region. The population is distributed in several small communities dispersed across an uneven geography so that the road network connecting this thickly populated region is the densest in the country, as Table 9 shows. Moreover, due to the geographic characteristics of the landscape –mountain ranges and rivers- and the high maintenance cost associated to it, its quality is far from optimal.
 These characteristics cause that a dense road network not necessarily represents a positive impact on the industrial output of the larger metropolitan areas of the region. 

Final Remarks
Plenty of anecdotal evidence indicates that regional fawns in the transport network are correlated with economic development gaps. The main contribution of this paper is to provide an important empirical measure of these divergences, and to propose a mechanism for explaining them in terms of a standard production function framework. It incorporates two new elements into the analysis: first, the explicit consideration of a hierarchical ranking of production centres, recognising that the effects of infrastructure is uneven across locations with different industrial profiles; second, the identification of regional variations on the impact of access to internal markets and proximity to external markets as explained by the particular characteristics of the industrial sector in each region. 

The empirical results of the paper show that the geographic indexes which are proposed for capturing the impact of transport infrastructure on the economy have important and significant positive effects. Access to internal markets andproximity to external markets play an important role in explaining observed divergences in average production per worker at the regional level. These results have important public policy implications since they propose additional factors to be considered in the evaluation of transport infrastructure projects.
A natural extension of this work would be to expand the sample to all the municipalities in the country as well as to other economic sectors. Another possible extension is the estimation of distance weights in terms of costs, using either time or another pecuniary measure. Finally, the methodological and conceptual innovations proposed in this paper will be useful in economic geography literature for explaining the geographic component of poverty and underdevelopment.
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Table 1. Population and Urbanisations Rates of the Sample

	
	
	Number of Metropolitan Areas
	Municipalities in the Metropolitan Area
	Population
	
	Urban Population

	
	
	
	
	Total
	Share of National
	
	Total
	Share of National
	Urbanisation Rate*

	Complete Sample
	69
	229
	55,064,787
	56.5%
	
	52,023,717
	70.6%
	94.5%

	Sample Excluding Mexico City
	68
	206
	37,451,407
	38.4%
	
	34,593,577
	47.0%
	92.4%

	
	Mexico City
	1
	23
	17,613,380
	18.1%
	
	17,430,140
	23.7%
	99.0%

	
	Population Greater than 1M
	7
	42
	13,354,073
	13.7%
	
	13,013,709
	17.7%
	97.5%

	
	Population 500 K - 1 M
	19
	93
	    12,971,278 
	13.3%
	
	      11,605,912 
	15.8%
	89.5%

	 
	Population Less that 500 K
	42
	71
	    11,126,056 
	11.4%
	 
	        9,973,956 
	13.5%
	89.6%

	*Fraction of population living in settlements with a population of  2,500 or higher

National Population Census 2000


Table 2. Selected Statistics for the Manufacturing Sector in the Sample

(Mexican Pesos Base 2004)
	
	 
	Labour
	 
	Wages
	 
	Gross Value Added
	 
	Capital Stock

	 
	 
	Employees
	Share of National
	 
	Total
	Share of National
	Mean Wages
	 
	Total
	Share of National 
	 
	Total
	Share of National 

	Complete Sample
	 3,234,959 
	77.1%
	
	 246,053,368 
	84.0%
	       6,338 
	
	 722,342,776 
	77.8%
	
	 961,001,048 
	76.4%

	Sample Excluding Mexico City
	 2,456,217 
	58.5%
	
	 182,232,388 
	62.2%
	       6,183 
	
	 564,979,160 
	60.9%
	
	 783,739,992 
	62.3%

	
	Mexico City
	    778,742 
	18.5%
	
	   63,820,980 
	21.8%
	       6,829 
	
	 157,363,616 
	17.0%
	
	 177,261,056 
	14.1%

	
	Population Greater than 1M
	 1,168,677 
	27.8%
	
	   88,965,144 
	30.4%
	       6,344 
	
	 267,543,920 
	28.8%
	
	 328,186,240 
	26.1%

	
	Population 500 K - 1 M
	    714,168 
	17.0%
	
	   56,068,508 
	19.2%
	       6,542 
	
	 207,027,424 
	22.3%
	
	 334,329,952 
	26.6%

	 
	Population Less that 500 K
	    573,372 
	13.7%
	 
	   37,198,736 
	12.7%
	       5,406 
	
	   90,407,816 
	9.7%
	 
	 121,223,800 
	9.6%

	National Economic Census 2004
	
	
	
	


Table 3. Classification of Roads in Hierarchical Levels
	 
	 
	Type
	Payment
	Operation

	
	
	
	
	

	Primary Network
	 
	 
	 

	
	4 or more lanes
	Paved
	Toll
	Federal and State Governments

	
	4 or more lanes
	Paved
	Free
	Federal and State Governments

	
	2 lanes
	Paved
	Toll
	Federal and State Government

	
	2 lanes
	Paved
	Free
	Federal

	
	Bridges
	Paved
	Toll
	Federal and State Governments

	
	
	
	
	

	Secondary Network
	 
	 
	 

	
	2 lanes
	Paved
	Free
	State Government

	
	1 lane
	Paved
	Free
	State Government

	
	2 lanes
	Unpaved
	Free
	State Government

	
	Ferry
	Waterway
	Toll
	Private

	
	
	
	
	

	Excluided Network
	 
	 
	 

	
	1 lane
	unpaved
	Free
	n.a.

	 
	rural path
	unpaved
	Free
	n.a.

	TDD. INEGI 2000
	
	
	


Table 4. GLS Regression with Geographic Controls
(Standard Errors in Parenthesis)
	 
	Interaction with Northern Region
	 
	Interaction with Central Region
	 
	Interaction with Southern Region
	 

	Private Factors

	Private Capital
	0.0960
	***
	0.1470
	***
	0.1693
	***

	
	(0.010)
	
	(0.007)
	
	(0.018)
	

	Intermediate Consumption
	0.5192
	***
	0.5583
	***
	0.5295
	***

	
	(0.012)
	
	(0.008)
	
	(0.021)
	

	Labour
	0.1073
	***
	0.0697
	***
	0.0393
	***

	
	(0.006)
	
	(0.005)
	
	(0.013)
	

	Human Capital

	Average Schooling
	0.0026
	
	0.0183
	**
	0.0925
	***

	
	(0.019)
	
	(0.008)
	
	(0.027)
	

	Geographic Controls

	Access to Internal Markets
	0.0189
	
	0.0373
	*
	-0.0450
	

	
	(0.043)
	
	(0.021)
	
	(0.087)
	

	North Border City
	0.2465
	*
	n.a.
	
	n.a.
	

	
	(0.133)
	
	
	
	
	

	North Border City 2
	-0.0265
	
	n.a.
	
	n.a.
	

	
	(0.021)
	
	
	
	
	

	Weighted Distance to Northern Border
	0.6692
	**
	2.3308
	*
	1.2627
	

	
	(0.345)
	
	(1.267)
	
	(2.068)
	

	South Border City
	n.a.
	
	n.a.
	
	-0.5857
	***

	
	
	
	
	
	(0.166)
	

	Weighted Distance to Southern Border
	-0.3643
	
	-0.7684
	
	-3.9059
	***

	
	(0.365)
	
	(1.466)
	
	(1.438)
	

	Pacific Port
	0.4508
	
	-0.0237
	
	50.4442
	

	
	(1.557)
	
	(0.200)
	
	(37.014)
	

	Weighted Distance to Pacific Port
	-0.2037
	
	-0.2209
	
	1.4478
	*

	
	(0.280)
	
	(0.344)
	
	(0.843)
	

	Gulf Port
	0.0786
	
	0.4282
	
	6.6400
	***

	
	(0.522)
	
	(0.643)
	
	(1.962)
	

	Weighted Distance to Gulf Port
	0.1691
	
	0.1456
	
	-0.9752
	*

	
	(0.278)
	
	(0.699)
	
	(0.579)
	

	Road Density
	0.0046
	
	0.0082
	***
	-0.1727
	**

	
	(0.004)
	
	(0.002)
	
	(0.068)
	

	Constants

	Regional Dummies
	n.a.
	
	-1.0430
	
	6.1294
	**

	
	
	
	(0.899)
	
	(2.337)
	

	Constant
	0.7051
	***
	n.a.
	
	n.a.
	

	
	(0.245)
	 
	 
	 
	 
	 

	N
	 
	 
	 
	 
	14,988
	 

	Groups
	
	
	
	
	69
	

	R2 (Overall)
	
	
	
	
	0.6082
	

	(2
	 
	 
	 
	 
	23,198.97
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	0.771
	 


Significance level: * 10 percent; ** 5 percent; ***1 percent

Own estimation

Table 5. GLS Regression without Geographic Controls

(Standard Errors in Parenthesis)

	 
	Interaction with Northern Region
	 
	Interaction with Central Region
	 
	Interaction with Southern Region
	 

	Private Factors

	Private Capital
	0.0869
	***
	0.1481
	***
	0.1735
	***

	
	(0.010)
	
	(0.007)
	
	(0.018)
	

	Intermediate Consumption
	0.5155
	***
	0.5590
	***
	0.5366
	***

	
	(0.012)
	
	(0.008)
	
	(0.021)
	

	Labour
	0.1169
	***
	0.0707
	***
	0.0471
	***

	
	(0.006)
	
	(0.005)
	
	(0.013)
	

	Regional Dummies
	n.a.
	
	-0.4975
	***
	-0.4686
	***

	
	
	
	(0.058)
	
	(0.086)
	

	Constant
	1.1835
	***
	n.a.
	
	n.a.
	

	
	(0.048)
	
	
	
	
	

	N
	 
	 
	 
	 
	14,988
	 

	Groups
	
	
	
	
	69
	

	R2 (Overall)
	
	
	
	
	0.601
	

	(2
	 
	 
	 
	 
	20,944.55
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Significance level: * 10 percent; ** 5 percent; ***1 percent

Own estimation

Table 6. Moran I for Residuals in the Model

(Weights based on route lenght between metropolitan areas)
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	Moran's Index 
	-0.029
	-0.021

	Expected Index 
	-0.015
	-0.015

	Variance 
	0.0001
	0.0001

	Z Score 
	-1.84
	-0.85


Own estimation

Table 7. Estimated Effect of Selected Variables on Production

(Ratio with respect to average production per worker predicted by the model in parenthesis)

	 
	Production Per Worker (Natural Logarithm)
	 
	Internal Market Effect

	 
	Observed
	Predicted by the Model
	Production implied by private inputs
	 
	

	North
	4.28
	4.00
	2.85
	
	0.05

	Centre
	3.90
	3.52
	2.81
	
	0.13

	South
	3.80
	3.33
	2.54
	 
	n.s.


Table 8. Industrial Composition of the Manufacturing Sector by Region
(Mexican Pesos Base 2004)

	 
	Northern Region
	 
	Central Region
	 
	Southern Region

	 
	 Av. Production per Worker 
	 Production 
	Share
	 
	 Av. Production per Worker 
	 Production 
	Share
	 
	 Av. Production per Worker 
	 Production 
	Share

	Manufacturing Industry
	               205 
	    295,142,530 
	100.0%
	
	                251 
	    416,507,138 
	100.0%
	
	               299 
	     41,035,792 
	100.0%

	Food
	               250 
	      45,000,000 
	15.2%
	
	               311 
	    106,700,000 
	25.6%
	
	               182 
	       8,607,476 
	21.0%

	Textile
	                 95 
	      11,384,037 
	3.9%
	
	                 95 
	      31,020,261 
	7.4%
	
	                 60 
	       1,368,227 
	3.3%

	Wood, Paper, and Printing
	               178 
	      11,682,008 
	4.0%
	
	               184 
	      26,074,311 
	6.3%
	
	                 72 
	          745,215 
	1.8%

	Petroleum, and Chemical
	               472 
	      17,525,634 
	5.9%
	
	               593 
	      90,691,950 
	21.8%
	
	             1,082 
	      25,957,992 
	63.3%

	Production of Non-Metallic Products
	               274 
	      36,300,000 
	12.3%
	
	               203 
	      37,400,000 
	9.0%
	
	               262 
	       3,019,738 
	7.4%

	Production of Metallic Products
	               228 
	      30,800,000 
	10.4%
	
	               169 
	      24,350,997 
	5.8%
	
	                 56 
	          519,010 
	1.3%

	Production of Equipment
	               193 
	    132,350,851 
	44.8%
	
	               305 
	      93,150,908 
	22.4%
	
	                 69 
	          497,856 
	1.2%

	Miscellaneous Manufacturing
	               120 
	      10,100,000 
	3.4%
	
	               125 
	       7,118,711 
	1.7%
	
	                 66 
	          320,278 
	0.8%


  Economic Census 2004. INEGI
Table 9.Regional Road Density
	 
	Area
	Network Length km
	 
	Road Density
	 
	Population

	 
	Sq km
	Primary 
	Secondary
	 
	Primary 
	Secondary
	 
	Total
	Density

	North
	897,372
	15,883,599
	10,572,919
	
	17.70
	11.78
	
	31,213,174.00
	34.78

	Centre
	789,175
	20,098,579
	21,609,054
	
	25.47
	27.38
	
	48,441,528.00
	61.38

	South
	264,216
	9,325,304
	9,608,613
	 
	35.29
	36.37
	 
	17,828,710.00
	67.48


TDD. INEGI 2000.
Appendix 1. Metropolitan Areas

	Code
	City
	Code
	City
	Code

	North
	Centre
	 
	South

	CJS
	Cd. Juarez
	AGU
	Aguascalientes
	ACA

	CUU
	Chihuahua
	MEX
	Cd. Mexico
	CPE

	ACU
	Ciudad Acuña
	CEL
	Celaya
	CUN

	CEN
	Ciudad Obregon
	CLQ
	Colima
	CHE

	CVL
	Ciudad Valles
	CUA
	Cuautla
	CPG

	CVM
	Ciudad Victoria
	CUE
	Cuernavaca
	CME

	CUL
	Culiacan
	GDL
	Guadalajara
	COA

	DGO
	Durango
	IRA
	Irapuato
	IGL

	ENS
	Ensenada
	BJX
	Leon
	MER

	HMO
	Hermosillo
	ZLO
	Manzanillo
	OAX

	PAZ
	La Paz
	MLM
	Morelia
	SCC

	LMC
	Los Mochis
	ORI
	Orizaba
	TCL

	MAM
	Matamoros
	PCH
	Pachuca
	TGZ

	MZT
	Mazatlan
	PZC
	Poza Rica
	VSA

	MXL
	Mexicali
	PBC
	Puebla
	

	LOV
	Monclova
	PVR
	Puerto Vallarta
	

	MTY
	Monterrey
	QRO
	Queretaro
	

	NOG
	Nogales
	SMC
	Salamanca
	

	NLD
	Nuevo Laredo
	SJR
	San Juan del Rio
	

	PNG
	Piedras Negras
	THC
	Tehuacan
	

	REY
	Reynosa
	TPQ
	Tepic
	

	SLW
	Saltillo
	TLA
	Tlaxcala
	

	SLP
	San Luis Potosi
	TOL
	Toluca
	

	SRC
	San Luis Rio Colo
	URU
	Uruapan
	

	TAM
	Tampico
	VER
	Veracruz
	

	TIJ
	Tijuana
	JAL
	Xalapa
	

	TRC
	Torreon
	ZHG
	Zamora de Hidalgo
	

	ZCL
	Zacatecas
	 
	 
	 


INEGI

Appendix 2. Border Points

	Border Point
	State

	
	Mexico
	USA

	
	
	

	North Border
	 
	 

	Agua Prieta 
	Sonora
	Arizona

	Ciudad Acuña 
	Coahuila
	Texas

	Ciudad Camargo 
	Tamaulipas
	Texas

	Cd. GDO
	Tamaulipas
	Texas

	Cd. MAV
	Tamaulipas
	Texas

	Matamoros
	Tamaulipas
	Texas

	Heroica Nogales 
	Sonora
	Arizona

	Cd Juarez
	Chihuahua
	Texas

	Manuel Ojinaga 
	Chihuahua
	Texas

	Mexicali 
	Baja California
	California

	Naco 
	Sonora
	Arizona

	Nuevo Laredo 
	Tamaulipas
	Texas

	Nuevo Progreso 
	Tamaulipas
	Texas

	Piedras Negras 
	Coahuila
	Texas

	Puerto Palomas 
	Chihuahua
	New Mexico

	Reynosa 
	Tamaulipas
	Texas

	San Luis Rio Colorado
	Sonora
	Arizona

	Sonoita 
	Sonora
	Arizona

	Tecate 
	Baja California
	California

	Tijuana 
	Baja California
	California

	Vicente Guerrero
	Baja California
	California

	
	
	

	South Border
	 
	 

	Carmen Xhan 
	Chiapas
	Guatemala

	Chetumal 
	Quintana Roo
	Belize

	Ciudad Cuahutemoc 
	Chiapas
	Guatemala

	Tapachula
	Chiapas
	Guatemala

	Ministry of Telecommunications and Transport (Mex), Ministry of Foreign Affairs (Mex), and Department of Transport (US)


Appendix 3. Ports

	 
	Port
	State

	Gulf of Mexico and Caribbean Sea

	
	Altamira 
	Tamaulipas

	
	Campeche 
	Campeche

	
	Coatzacoalcos 
	Veracruz

	
	Dos Bocas 
	Tabasco

	
	Progreso 
	Yucatan

	
	Quintana Roo 
	Quintanaroo

	
	Tampico 
	Tamaulipas

	
	Tuxam 
	Veracruz

	
	Veracruz 
	Veracruz

	Pacific Ocean
	 

	
	Acapulco 
	Guerrero

	
	Baja California 
	Baja California Sur

	
	Ensenada 
	Baja California

	
	Guaymas 
	Sonora

	
	Lazaro Cardenaz 
	Michoacan

	
	Manzanillo 
	Colima

	
	Mazatlan 
	Sinaloa

	
	Puerto Madero 
	Chiapas

	
	Puerto Vallarta 
	Jalisco

	
	Salina Cruz 
	Oaxaca

	 
	Topolobampo 
	Sonora

	Ministry of Telecommunications and Transport (Mex)


Figure 1. Regional Division
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� Transport Studies Unit, University of Oxford, Dyson Perrins Building, South Parks Road, Oxford, OX1 3QY, England. +44 (0)1865 285070. Contact: sann2513@herald.ox.ac.uk


� This approach was introduced to the economic literature by Aschauer (1989). For a complete review see Banister  et. al. (2000).


� For a review of this methodology see Martin (2004).and Rietveld (1989).


� See Aschauer (1989), Evans  et. al. (1994), Garcia-Mila (1996), Hotz-Eakin (1994), Kelejian  et. al. (1997), and Munell 1990).


� This possibility has been modelled in theoretical models (Tabushi et. al. 2005) and identified at empirical level (Boarnet 1998).


� Tabushi  et. al. (2005) following Fujita  et. al. (1999), show that a generalised decrease of transport costs can induce a predatory relationship across cities in function of their hierarchy. On the other hand, numerical simulations qualitatively support this idea (Fujita  et. al. 2000, Fann and Treyz 2000). This possibility was identified in early urban ecology literature (Berry 1977, and. Dendrinos  et. al. 1985).


� For a comprehensive survey see Berry  et. al. (1970)


� Note that ln((Hw)= ( w ln(H) is a proper attraction-accessibility measure according to Weibull’s axiomatic framework (Weibull 1976). 


� An international border point is defined as a formal site where goods and people can transit from Mexico to the United States, Belize, or Guatemala. A list of these points was obtained from the Ministry of Foreign Affairs (Mexico). The list of cargo ports was provided by the Ministry of Communications and Transport (Mexico). The lists are presented in Appendices 2 and 3 respectively.


� This measure was used rather than the monetary value, despite the fact that trade volume expressed in tons does not necessarily imply more value, because of the availability of data.


� The model also includes the interaction of this dummy with H2 in order to capture any possible quadratic effect of the hierarchical score or border cities. This outcome might arise due to congestion effects as explained in Section 4.


� Urbanisation rate is defined as the ratio between urban population and total population for any given location.


� The municipality (municipio) is the basic political division of the country according its federal system and it is the seat of the local authority in the country.


� The list of the 69 metropolitan areas is presented in Appendix 1.


� Each of the administrative areas of the Federal District is counted as a single municipality.


� We identify 69 settlements that constitute the centre for each metropolitan area. In order to avoid defining multiple urban centres within a single metropolitan area, the Federal District and the municipality of Guadalajara are considered to be the main urban settlements of the Metropolitan Areas of Mexico City and Guadalajara City, respectively. Three urban agglomerations are classified as a single metropolitan area, despite not being composed by a geographic contiguous urban area (Cordoba-Orizaba, Coatzacoalcos-Minatitlan, both in Veracruz State, and Merida-Puerto Progreso). This criterion follows a definition of metropolitan area applied by INEGI in the sampling of its labour surveys. Population data of the 2000 National Population Census is used in this classification.


� Urban municipalities are visually identified using digital cartographic information of the IRIS dataset.


� The industrial sector includes manufacturing, utilities, and construction. It excludes services, and extractive industries.


� Further information about the hierarchy algorithm can be found in http://support.esri.com.


� According to the Organic Law of the Army and Air Force of Mexico, the military regions are determined attending to the political subdivision of the country as well as some logistic and transportation criteria. 


� The differences are statistically significant at 1 per cent level for both private capital  ((2[2]=20.90) and labour coefficients ((2[2]=32.25)


� The significance of the quadratic term of H, can be explained because exporting through border cities with a very high hierarchical ranking might present delays in comparison to smaller cities 


� The estimated production function for this particular sector rejects the hypothesis of IRIS.


� Ministry of Communications and Transport (Mex.).
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