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Abstract

Economic theory suggests that trade integration leads to significant changes in the distribution of industries across space. Argentina is an interesting case study to empirically assess this theoretical prediction because this country implemented a broad trade liberalization program between 1988 and 1991. The econometric evidence suggests that trade policy had indeed a significant impact on manufacturing location patterns. Higher sectoral tariffs are associated with concentration of industrial activities near to the area surrounding Buenos Aires. 
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1
Introduction

Since the mid-1980s many Latin American countries have been involved in trade policy reforms. These policies were initially applied unilaterally and latter on were complemented with regional integration agreements (i.e., Mexico with NAFTA; Argentina, Brazil, Uruguay, Paraguay with MERCOSUR; Chile and Bolivia with MERCOSUR). The consequences of these trade liberalization measures on the structure of trade, investment flows, and economic growth have been a focus of academic research in recent years.

One aspect that has received less attention is the impact of these trade reforms on the geographical distribution of economic activities within countries. By changing the relative importance of foreign markets vis-à-vis domestic ones, these reforms are likely to have a substantial effect on the spatial distribution of economic activities. For example, the proximity to large cities, where most domestic consumers are located, may not longer be a desirable location when exports increase as a share of firm total sales and production in these large metropolitan areas implies high congestion costs (i.e., high land prices, higher wages, etc.). Similarly, agglomeration economies through input-output linkages resulting in concentration of manufacturing firms close to regions with large industrial bases may be weakened as required production inputs start to become imported. Thus, localization of industries in the context of a more open economy might be more driven by the localization of relative less mobile factor input (i.e., mining resources).

There are very few empirical studies that have empirically investigated the validity of these hypotheses for Latin American countries. One important exception is the paper by Hanson (1998) on Mexico. This author shows that trade liberalization has lead to a shift of Mexican industry employment towards the northern border with the United States.

The lack of empirical studies for other Latin American countries is somewhat surprising. First, most of these countries opened their economies starting from relatively high tariff protection levels. Second, this issue has policy relevance. It is a well known fact that these nations are characterized by spatially concentrated production structures. In particular, the predominance of a main metropolitan area around the countries’ capital is a frequently observed geographical feature. In fact, some authors  have suggested that this phenomenon can be partially trace back to the import substitution policies applied by Latin American countries until the mid-1980s (see, e.g., Krugman and Elizondo, 1996). 

The purpose of this paper is to fill this gap in the literature taking Argentina as a case study to investigate what are the main forces behind the spatial distribution of manufacturing employment and to assess whether trade policies have played any particular role in shaping this distribution. Argentina is an interesting case because this country has implemented a broad and rapid unilateral trade liberalization between 1988 and 1991, which was followed by an ambitious regional integration initiative, MERCOSUR, from 1991 onwards. In addition, this country exhibits a very uneven spatial distribution of economic activity. In particular, manufacturing activity has been traditionally concentrated in the Great Buenos Aires area, where one third of the country’s population lives. Therefore, one has a natural experiment to examine whether and to what extent have trade reforms introduced at the late 1980s affected the location of industries.

To analyze the patterns of manufacturing employment and how it has changed across provinces and industries over time, we have constructed a database using census data on industrial employment by province at the 4 digit level of the ISIC for 1974, 1985 and 1994. We have also gathered information on province and industry characteristics that allow us to empirically assess whether the matching of these features (e.g., provincial human capital abundance - industrial human capital intensity) has been a significant factor in determining industrial location. Moreover, we test whether trade policy has had an impact on the spatial distribution of manufacturing employment by interacting sectoral tariffs with distances from each provincial capital to Buenos Aires City. Our econometric results suggest that indeed trade policy matters for the geography of industries. In particular, lower tariffs are associated with location of activities away from Buenos Aires City and its surrounding region. Thus, by easing the supplying of production inputs from abroad and stimulating exports, trade liberalization has in fact favored industrial de-concentration.

The rest of the paper is organized as follows. Section 2 discusses relevant approaches contributing to location theory with the aim of identifying key variables and hypotheses that will guide the empirical analysis. Section 3 describes the data and some basic methodological issues regarding the estimation of concentration indicators. Section 4 reports descriptive evidence on industry location and concentration patterns. Section 5 presents an econometric analysis aimed at explaining the patterns of manufacturing location across provinces and examining the influence of trade policy on these patterns and reports our main findings. We conclude in Section 6.

2
Theoretical Background 

Economic theory identifies different factors that explain location patterns of manufacturing activities. These factors can be classified into two broad classes: physical geography and endowment of natural resources and the geography of distance between economic agents. The theoretical approaches differ in the weights they assign to these two classes of factors. The traditional trade theory emphasizes the first group of factors, while the new trade theories highlight the role played by the second group of factors. This section reviews this theoretical literature with the aim of deriving testable hypotheses to be empirically assessed in Section 5. 

2.1
Comparative Advantage, Increasing Returns to Scale, and Vertical Linkages 

The traditional trade theory assumes perfect competition, product homogeneity, and constant returns to scale. This theory shows that the spatial distribution of activities is determined by the exogenous spatial distribution of natural resources and production factors (see Leamer and Levinsohn, 1995). In particular, in the Heckscher-Ohlin model, location patterns result from the interaction between region and industry characteristics. This theory gives rise to the following general hypothesis: 

Hypothesis 1: Industries that intensively use a given production factor tend to locate in regions that are relatively abundant in this factor. 

 In the empirical analysis to be performed in section 5 we will translate this general proposition into specific hypotheses for geographically fixed natural resource endowments such as petroleum and gas and arable land and more mobile factors such as labor and skilled labor.

On the other hand, the new trade theories introduce increasing returns to scale and explicitly consider the geographic distance between economic agents. More precisely, in addition to a competitive sector, they incorporate a monopolistically competitive sector with firms producing differentiated products under conditions of increasing returns to scale that are traded at a positive cost. The typical result of these models is that sectors with increasing returns to scale tend to locate in regions with better access to the markets of their respective products (see Krugman, 1980, and Helpman and Krugman, 1985). Under economies of scale, the average costs fall as the level of production rises. As a consequence, producers have an incentive to spatially concentrate their activities. The presence of trade costs induces firms to concentrate in those regions that have the larger market for their respective goods, since in this way they are able to avoid such costs in a larger fraction of their sales. We state this result in the following hypothesis:

Hypothesis 2: Industries with increasing returns to scale tend to locate in jurisdictions with large market potentials. 

As shown in Venables (1996), agglomeration can be also induced by input-output linkages among firms. When imperfectly competitive industries are linked through an input-output structure and trade costs are positive, the upstream firms are drawn to locations where there are relatively many downstream firms, since this allows them to improve the access to their customers (demand linkage). Moreover, the fact of having a larger number of upstream firms in a location benefits downstream firms, which obtain their intermediate goods at lower costs, by saving transport costs and also benefiting from a larger variety of differentiated inputs (cost linkage). Hence, the joint action of such linkages may result in an agglomeration of vertically linked industries and can give such an equilibrium location a certain inherent stability. The above reasoning provides a rationale for the notion of industrial clusters and implies that industries that intensively use intermediate manufactured inputs and industries whose main customers are manufacturing firms themselves tend to locate in regions with broad industrial bases. This leads to the following hypotheses:

Hypothesis 3: Industries that intensively use intermediate industrial inputs tend to locate in provinces with a large industrial base so that they can obtain these inputs more easily and at a lower cost.
Hypothesis 4: Industries for which the manufacturing sector itself is an important user of their products find advantageous to locate in provinces with a large industrial base and hence providing a better access to a significant demand source. 
2.2
Trade Policy and Manufacturing Location

How does trade liberalization affect the internal geography of a country? Krugman and Livas Elizondo (1996) show that, anything else equal, trade liberalization tends to foster dispersion of manufacturing. A reduction in trade costs increases the influence of external markets, as significant part of output becomes to be sold abroad and a significant part of consumed output becomes to be imported, and thereby weakens demand and cost linkages. Thus, the gains associated with being settled closer to the largest domestic market decline. The costs linked to this existent agglomeration (e.g., congestion, higher land rents, etc) may become dominant and then result in a relocation away from the aforementioned centre and, as a consequence, manufacturing production shifts towards a more dispersed configuration.
 This translates into the following proposition:

Hypothesis 5: Industries facing lower trade barriers to international trade tend to locate at a higher distance from the main economic centre.
3
Data and Measurement

We describe location patterns of manufacturing activities in Argentina using provincial employment data at the 4-digit level of ISIC, Rev. 3.
 Thus, the dataset covers 125 manufacturing industries and 24 provinces, i.e., 3,000 observations per year. This information comes from the National Economic Censuses, which are compiled by the INDEC (Argentine Statistical Bureau) every ten years. In particular, available data correspond to 1974, 1985, and 1994. We have also data on selected provincial characteristics and industry characteristics, which we use as explanatory variables in the econometric analysis. Details are given in Appendix A1.

Some aspects of the reference variable and the reference geographical units deserve being discussed. First, we have chosen to work with employment data, because this is a priori the most relevant policy variable. We could alternatively work with production value or value added. However, there are some disadvantages associated with the use of these variables, especially in the case of the second one. For example, individual industry’s value added is very sensitive to structural shifts in outsourcing to other sectors, a process that has taken place during the period under examination.
 On the other hand, we have chosen as geographical unit the provincial jurisdictions. The reason is that we face a trade-off between sectoral and geographical disaggregation. In particular, most municipalities beyond the Great Buenos Aires have low population densities and they accordingly host a narrow range of industries. Since we aim at working at reasonable high disaggregation in terms of activities, we have selected the provincial level instead of the more disaggregated municipal level.

Formally, the employment level of industry k in province i at time t is denoted by xik. We express this value as a share of the total employment in the industry in Argentina:
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The equivalent expression for the whole manufacturing industry is:
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The spread of manufacturing industries over space is characterized by the distribution of these location shares. A usual strategy to simplify the descriptive analysis of such a distribution consists of translating it into a scalar representation, i.e., to use a relevant summary statistics. 

In the empirical literature on economic geography, this statistics is frequently a spatial concentration index. We can distinguish between absolute and relative concentration. An industry is absolutely concentrated if a few regions regardless their size account for a large share of its activity, whereas an industry is relatively concentrated if its spatial distribution differs significantly from that of the whole manufacturing sector (see Haaland et al., 1999). Measures of absolute concentration are accordingly obtained summarizing the distribution of the sector-specific shares (1), while measures of relative concentration are derived summarizing the distribution of these shares relative to the overall shares (2). 

We measure the degree of absolute and relative concentration using the Hirschman-Herfindahl Index (AC) and the Florence-Amiti Index (RC), respectively.
 Formally: 
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The AC Index is simply the sum of the squared share of each province in total national manufacturing employment. This index ranges between (1/n) when all provinces have the same share in national industrial employment and 1 when only one province accounts for the whole sectoral employment. 

The RC Index is constructed on the basis of differences of shares. This measure was introduced by Florence (1948) and later used by Amiti (1997) and Ellison and Glaeser (1997), who propose a location choice model to develop more robust indicators of concentration. This index is zero when the spatial pattern of the employment in the particular industry exactly matches that of the total manufacturing sector and increases with diverging patterns. The implied null hypothesis is thus that each location is a scaled version of the average “representative” Argentine province (see Combes and Overman, 2003). The upper bound is 2, indicating maximum concentration of the respective industry.
 This measure is of economic interest, because it emphasizes departures which involve significant fractions of an industry’s production. In particular, differences are squared, which ensures that all provinces get a positive weight in the measure, with those provinces further away from their averages receiving the largest weight. 
4
Descriptive Analysis 

This section characterizes manufacturing location patterns in Argentina and their evolution over period 1974-1994. We first present an overall picture of the spread of total and sector-specific manufacturing employment across provinces and then we turn to concentration indicators by industry as defined in Equations (3) and (4). 

4.1
Overall Manufacturing Location Patterns

As shown in Table 1, manufacturing industry is very unevenly distributed across provinces. Just one jurisdiction, namely, Buenos Aires has accounted on average for 44% of national industrial employment over the sample period. Further, the five largest provinces (Buenos Aires, the City of Buenos Aires, Cordoba, Santa Fe, and Mendoza) have jointly accounted for more than 80% of total employment. Although this spatial pattern does not seem to have changed significantly over time, a certain trend to decreased absolute concentration is detected, as measured by the combined share of the five largest provinces and the AC Index. In particular, this combined share has declined from 86.1% in 1974 to 81.6% in 1994, while the AC index has diminished from 0.254 to 0.233 over the same period.  

This de-concentration process has been partially driven by developments in some small jurisdictions. More precisely, significant share increases are observed in Tierra del Fuego, San Luis, La Rioja, Catamarca, and to less extent, in San Juan.
 These share gains are essentially at the expense of the City of Buenos Aires, which experienced a substantial drop in its share between 1974 and 1985. Further, the province of Buenos Aires witnesses a fall in relative employment over the following decade, 1985-1994.
 Thus, aggregate data seem to suggest a pattern of de-concentration of manufacturing activity such that industrial employment moves out of Great Buenos Aires area and into interior provincial locations.

This first general picture of the distribution of total manufacturing employment across provinces and its changes over time can be complemented using the sector-specific shares to construct a scatter plot comparing these shares for two consecutive periods. These are presented in Figures 1 and 2. 

The large number of observations that are clustered near the origin indicates that many jurisdictions have a very small or even null level of activity in various industrial sectors. Furthermore, in both figures a great number of points are clustered close to the 45-degree line suggesting that the allocation of employment across province-industry pairs does not seem to have dramatically changed over time. However, from a comparison of the two graphs, we observe that the number of off-diagonal points is significantly larger for the second decade, i.e., 1985-1994. This implies that industry location patterns have suffered more significant changes over this last sub-period coinciding with the implementation of the trade policy reform. 

4.2
Concentration Patterns of Manufacturing Activities

Though suggestive, the simple inspection of the distribution of province-industry shares do not convey a clear message regarding which industries are more concentrated and how this has changed over time. A convenient way of summarizing the implied information and learning about this is to compute concentration indices by sectors using Equations (3) and (4). The distribution of these indices across industries provides a general representation of concentration patterns. We have estimated this cross-sectional distribution from the data at different time periods using nonparametric methods. Figure 3 (4) show kernel density estimates for absolute (relative) concentration indices estimated using the Gaussian kernel smoothing and the automatic bandwith choice (see Silverman, 1986). 

These estimates allow us to have a complete picture of the overall degree of concentration. Average concentration, absolute as well as relative, has decreased, as indicated by the slight leftward movement of the peaks. In particular, 71 (63) out of 123 industries have registered declined absolute (relative) concentration between 1994 and 1974.
 On the contrary, dispersion has increased, as suggested by the increased mass on the tails. Clearly, there are sectors with very high concentration levels, which are becoming increasingly different from the average sector. 

Table 2 identifies the five industries with the highest and lowest absolute and relative concentration.
 Over the whole period, manufacture of man-made fibres and manufacture of rubber tyres and tubes display high absolute concentration levels. Buenos Aires, the largest province, accounts on average for 90% and 84% of national manufacturing employment in these sectors, respectively. These industries’ concentration patterns are mainly explained by the advantages of being located close to large consumer markets and input-output linkages. On the other hand, manufacture of sugar appears as highly concentrated in relative terms. This is not surprising as this industry, due to the availability of key natural resources (sugar plantations), is fundamentally located in two small provinces, Jujuy and Tucumán, far away from the Great Buenos Aires area where a large part of the industry is concentrated. These two small jurisdictions jointly account on average for more than 70% of total employment in this industry. A similar phenomenon is also observed in manufacture of wine. The provinces of Mendoza and San Juan have the appropriate climate conditions for grape farming and host on average 70% of national employment over the sample period. Another interesting case is television and radio receivers. This assembly industry faces relatively low transport costs and is fundamentally located in Tierra del Fuego. This small province situated at the south of the country and far away from the main consumer centers accounted for 76% of total sectoral employment in 1994. Here regional development policies seem to have played a role. At the other extreme of the distribution, within the group of industries with low absolute concentration, we find food products of massive consumption and relative low unit value such as soft drinks and also products with high transportation cost such as cement. Similarly, manufacture of bakery products shows a low relative concentration, since, as expected, the spread of this industry over the space replicates that of the population.

Has the ordering of sectors in terms of their concentration index changed over time? Does this ordering exhibit persistence or mobility? Cross-profile plots, shown in Figures 5 and 6, provide a graphical way to examine intra-distribution dynamics and thus help to answer these questions (see Dolado et al., 1994, and Quah, 1997). In these figures one curve is plot for each period of time with the lowest for the earliest time period and the upper curves being progressively for later periods in time. The lowest curve (1974) is constructed to be monotone declining, i.e., in the first period the cross-section of industries is sorted in decreasing order in terms of the relevant concentration measure (starting from the left side). This order is then maintained throughout the whole sample period.

The shape of the plots conveys accordingly important information on mobility in concentration patterns. In this case, the presence of increased jaggedness, especially in the case of absolute concentration, is an indication of intra-distribution churning and this suggests that sectors are changing ranks over time, i.e., industries are overtaking one another and falling behind in terms of their concentration levels. Notice that, in the case of relative concentration, changes are more pronounced for already concentrated sectors. Thus, it seems that industries with more dissimilar pattern of spatial distribution of economic activity with respect to the whole sector, which basically means those that are concentrated away from the Buenos Aires Area, have experienced the most significant changes over the last decades. This again suggest that trade policy may have affected industrial location. The next section will shed light on the factors behind these patterns and their observed changes and whether any impact of trade policy can be identified.

5
Econometric Analysis 

In Section 4 we have described location patterns of industries in Argentina using summary measures of the distribution of location shares. This section aims at identifying the determinants of industry location. Thus instead of working with these statistics we use the whole distribution of shares. As emphasized by Midelfart-Knarvik et al. (2000), actual location patterns are the resultant of multivariate interactions between regional and industry characteristics. Provinces differ in their industrial base, the market access they provide, and their endowments of agriculture products and minerals. At the same time industries have distinct resources intensity, different intermediate input structures, and may face different trade costs. These province and industry characteristics interact in shaping the economic landscape. Appendix A1 presents the details of how these variables are defined, their coverage in terms of years, and the sources of the raw data.

5.1
Methodology

Our point of departure is the framework used by Ellison and Glaeser (1999), Midelfart-Knarvik et al. (2000), and Overman et al. (2000) to uncover the determinants of industrial location in the United Stated and Europe, respectively.
 Generally, the idea is that industries that use intensively a given “factor” tend to locate in states that are relatively abundant in this “factor”. This suggests explaining the location patterns through a set of interactions resulting from a specific pairing of industry characteristics and country characteristics. The particular correspondence of these characteristics is defined according to the theories reviewed in Section 2. These interactions terms and their expected signs are presented in Table 3.

The first four interaction variables aim at controlling for the contribution of comparative advantage considerations, as defined in Hypothesis (1). The general hypothesis is that industries tend to locate in those provinces that are relatively abundant in the factors they use intensively in their production processes. Thus, (1) industries that intensively use agricultural inputs tend to locate in regions that are abundant in land appropriate for agricultural activities; (2) industries that intensively use natural resources as inputs tend to locate in provinces that are abundant in natural resources; (3) industries that intensively use labor tend to locate away from regions with relative scarcity of this factor; and (4) industries that intensively use skilled workforce tend to be drawn to provinces that are relatively well endowed with skilled labor.

The next three interaction terms capture several aspects related to the interplay between trade costs, scale economies, and input-output linkages, as established in Hypotheses (2)-(4). Hence, industries with increasing returns to scale and strong cost and demand linkages tend to locate in provinces with large market potentials and industrial bases, respectively. 

We extend the basic framework of Midelfart et al. (2000) and Overman et al. (2000) to explicitly assess the role of trade policy in shaping the geographical distribution of manufacturing activities. The spatial impact of trade liberalization, as stated in Hypothesis (5), is captured by the eighth interaction included in Table 3. Other things equal reduced external trade barriers weaken cost and demand linkages among workers and firms and firms with input-output relationships within the country, as higher shares of output and inputs become traded. As a consequence, the benefit of being located close to the main economic centre in the country net of the costs originated in high land rents and congestion decreases and industries tend to relocate away from this centre and its surrounding region. In the case of Argentina, this economic centre is clearly Buenos Aires. The City of Buenos Aires and the province of Buenos Aires have accounted roughly for 60% of national GDP over the period under analysis.

The last three interaction variables control for the influence of fiscal policies. Larger tax breaks favor the settlement of firms, especially those that have increasing returns to scale and those that are footloose, since they can easily relocate in to take advantage of the favorable fiscal conditions and out when facing reversed fiscal treatment. Finally, firms that intensively use transport services tend to locate in provinces with better physical infrastructure.
 

5.2
 Model Specification and Estimation Issues

We describe manufacturing location patterns across provinces in Argentina using the (natural logarithm of the) location shares as defined in Equation (1). Our explanatory variables include the interactions between provincial and industrial characteristics; province and industry fixed effects to control for the non-conditional effect of these characteristics; and a time dummy. We therefore estimate the following equation:
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where z indexes the interactions; 
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s are the coefficients to be estimated. 

The equation is estimated pooling across industries and across years. The exercise considers 125 industries, 24 provinces, and 2 years, 1985 and 1994.
 Thus, the dataset potentially contains 6,000 observations. However, as mentioned in Section 4, there is a significant amount of zero observations (38.62%). These observations, which drop out when taking logarithm, may provide relevant information. Least squares may then lead to biased and inconsistent estimates (see Greene, 1997). Furthermore, the fact of being a limit (zero) or a non-limit (continuous) observation may be endogenous to certain province characteristics, i.e., there may be a self-selection by the industries being investigated. In this sense, according to the new trade theories, locational shares in industries with increasing returns to scale may be systematically zero for provinces with very low market potentials. A similar non-linear behavior arises also when there are agglomeration economies stemming from input-output linkages among industries situated in different stages of the production chain. Provinces with small and lowly diversified industrial bases do not tend to host sectors with strong cost and demand linkages, but provinces with industrial bases beyond a certain critical mass will do. As a consequence, in those cases, shares are not randomly zero and there is a sample selection bias. In this context, one valid strategy is to estimate a sample selection model by maximum likelihood.
 This implies to estimate a selection equation which determines the likelihood of observing a positive locational share and then to estimate the main regression equation exploiting the resulting information. We will therefore present estimation results based on both Least Square Dummy Variables (LSDV) regressions and sample selection models to assess whether our findings are sensitive to the econometric technique being used. 

There are three potential sources of heteroscedasticity, across provinces, across industries, and across time.
 White’s heteroscedastic consistent standard errors are thus reported and used for hypothesis testing. Moreover, we condition the data on the standard deviation of the underlying variables in order to make comparison across variables more appropriate so that standardized coefficients will be presented. 

In addition, endogeneity problems may be anticipated. In particular, we can think of reverse causality. Thus industries that intensively use manufactured inputs may decide to locate in provinces with a large industrial base, but by doing this they increase the size of this base. In order to check the robustness of our results we have carried out 2SLS (Instrumental Variables) estimations and performed the Hausman specification test.

Furthermore, economic agents take actions that lead to interdependence among themselves and the level of this interaction may be a function of distance as is the case with trade. These interdependencies may result in co-movement among individuals’ unobservables, i.e., disturbances are likely to be correlated across space. Hence, we also correct the standard errors to take into account possible cross-sectional dependencies using the procedure proposed by Conley (1999).

5.3
Results

Table 4 presents estimation results based on the LSDV strategy. This table reports the estimated coefficients of interest, namely, those on the interaction terms between province and industry characteristics, and their robust standard errors. 

The results suggest that Hypothesis 1 bears some consistency with Argentina’s regional data in the case of oil reserves abundance and mineral intensity. The interaction term of these two variables has the expected positive sign and is significant in most of the regressions. Therefore, industries using intensively oil and mineral inputs in their production process tend to be located in provinces with larger oil reserves. On the contrary, remaining hypotheses related to comparative advantage considerations, i.e., the interaction between agriculture abundance and agriculture intensity; (the inverse of) labor abundance as measured by relative manufacturing wages and labor intensity; and skilled labor abundance and skill labor intensity do not find support in the data. The same is also true for the hypothesis concerning infrastructure. In particular, industries using intensively transport services do not show a propensity to locate in provinces endowed with good infrastructure as measured by the extension of national paved routes in their territories.
The results for the interaction terms suggested by the new trade theories are somewhat mixed. We do not find that industries with economies of scale tend to settle in provinces with larger market potentials. Indeed, we observe a negative association. One possible explanation for this counter-intuitive result may be that other relevant factors for industries with increasing returns to scale as measured here (i.e., average establishment size as in Kim, 1995, and Amiti, 1999) prevail and generate this geographical pattern.
 Thus average establishment size is particularly large in industries manufacturing sugar and tobacco. Due to natural reasons (e.g., climate, bodies, etc), they are mainly located in small Northern provinces. As previously mentioned, Tucumán and Jujuy have accounted for more than 70% of national employment in manufacture of sugar. Chaco, Misiones, Salta, Jujuy, and Tucumán have in turn concentrated roughly 60% of national employment in manufacture of tobacco.

On the other hand, the estimated coefficient on the interaction between industrial base and manufactured inputs intensity is positive and significant. This result provides evidence in favor of Hypotheses 3 suggesting that cost linkages are important location determinants in Argentina. In particular, industries using intensively industrial intermediate goods in their production processes tend to locate in provinces with relatively large industrial bases, as they minimize the costs of reaching their providers. However, the coefficient on the interaction between industrial base and intermediate demand bias, even though positive, is insignificant. Hence, a large industrial base does not seem to have acted as an attracting factor for manufacturing sectors that sell a large fraction of their output to the manufacturing sector itself.

More fundamentally, trade policy evidently matters for location patterns of industrial activities. The interaction term between tariffs and distance to Buenos Aires is negative and significant in all specifications. This confirms Hypothesis 5. Thus, industries that have been more protected have tended to establish in regions closer to Buenos Aires. As mentioned before, this is consistent with the idea that these sectors are less connected with international markets and hence need to be near large domestic sources of demand and supply. Trade liberalization is therefore associated with industrial geographical de-concentration.
Tax policy also seems to have played a significant role in explaining the spatial distribution of manufacturing employment. The negative and significant coefficient on the interaction between the industrial promotion dummy and transport intensity suggests that industries which are more mobile over space are, other things equal, overrepresented in provinces with lower tax burdens. In other words, more footloose sectors have tended to locate in provinces providing better fiscal conditions. On the other hand, we do not find a significant bias of sectors with economies of scale towards locations with more favorable tax treatments.


Notice, we use as dependent variable the (logarithm of the) share of each province in national manufacturing employment in each industry, as defined in Equation (1). Some authors argue that one should use a normalized share, i.e., this industry-specific share divided by the overall share, as shown in Equation (2) to avoid spurious correlation (see Brülhart and Trionfetti, 2004). We thus replicate the original regressions using (the logarithm of) this locational Hoover-Balassa Index as dependent variable. Estimation results are reported in Table 5. The same pattern of results arises. 
5.4
 Robustness

As previously discussed, these estimations may be subject to diverse econometric problems, including features that may potentially lead to biases and inconsistency. We have therefore checked the robustness of our findings in several ways. 

Firth, a sample selection bias is likely in our dataset. Thus we re-estimate the model by maximum likelihood using the sample selection approach (see Greene, 1997).
 All provincial characteristics with available information are included as explanatory variables in the selection equation.
 Estimation results are reported in Table 6. This table also includes a Wald test statistics. This statistics is significant in all specification. The fact that this statistics is significant means that the error terms of the selection and regression equations are not independent, which confirms the convenience of using the selection model. Nevertheless, looking at both Table 4 and Table 6, one observes that estimates are similar. In fact, the Hausman test statistics shown in the last row of Table 6 indicates that there are no systematic differences between the coefficients as estimated by LSDV and sample selection approach. This formal specification test suggests that our findings are indeed robust to the estimation procedure and that zero observations are not biasing the estimates. Therefore, in the following, we will continue working with our original sample.


Second, we are also aware that estimates may be affected by endogeneity problems. To address this issue, we first perform 2SLS estimations using lagged values (one-census-period before) as instruments for market potential and industrial base. Results are presented in Table 7. Notice that the main message as conveyed by estimated coefficients remains the same.
 This table also includes the Hausman test statistics, which results from comparing LS and 2SLS estimations. This statistics suggests that we cannot reject the null hypothesis that there is no correlation between the explanatory variables and the disturbances.

Comparative advantage factors can be also endogenous. Thus, as shown by Krugman (1991), if a large number of firms locate in a certain region, the quantity of regional products is larger. Since firms set f.o.b. prices, equilibrium prices are lower in this region than in the other ones, which generates a positive real income effect for the workers. This results in industrial workers migrating into this region. The consequent increase in the number of workers means an additional demand for goods produced in this region, which, in turn, causes the inflow of new firms and the possibility of having more varieties of differentiated goods there. Tariffs may be also subject to endogeneity problems. As seen in Section 4, some industries are concentrated in certain provinces and account for a significant share of regional economic activity. This is, for example, the case of manufacture of sugar. This manufacturing sector is concentrated in Jujuy and Tucumán and account for 40% of total employment in the former province. Therefore, lobby activities from producers and from involved provincial governments can be expected. However, for these variables we do not have data going back to 1974. To circumvent this problem we perform a cross-sectional analysis for 1994 using lagged values (one-census-period before, when possible). Results are presented in Table 8 and lead to the same qualitative conclusions as original estimates. Again in this case the Hausman test statistics indicates that endogeneity does not seem to be a severe problem in our empirical investigation. 

Third, we also account for the possibility that disturbances are correlated across space using the method developed by Conley (1999). Thus, we replicate the previous exercise, this time resorting to GMM estimation techniques and performing an appropriate correction of standard errors for spatial dependence. Estimates are reported in Table 9. Figures are very similar to those presented before. Our conclusions are thus not affected by cross-sectional spatial interdependencies.

6
Concluding Remarks 

Economic theory suggests that trade policy reforms are likely to induce substantial changes in the distribution of industries across regions. Argentina is an interesting case study because this country implemented a broad unilateral trade liberalization program between 1988 and 1991 and co-established MERCOSUR in 1991. This paper aimed at answering one main question: Did trade liberalization have an impact on the geography of industries? 

The empirical evidence indicates that manufacturing industry is very unevenly distributed across provinces in Argentina. Just one jurisdiction, namely, Buenos Aires has accounted on average for 44% of national industrial employment. Further, the five largest provinces (i.e., Buenos Aires, the City of Buenos Aires, Cordoba, Santa Fe, and Mendoza) have jointly accounted for more than 80% of total employment. Even though these spatial patterns have not changed dramatically over time, a certain trend to decreased absolute concentration is detected in the 1980s and 1990s. This is observed not only for the total industry employment shares, but also at 4-digit ISIC activities. Out of 124 sectors around 73 has experienced a decline in their degree of absolute concentration between 1974 and 1994.

Our econometric results suggest that trade policy has affected actual location patterns of manufacturing activities. Sectors facing more protection tend to be located closer to large domestic markets (i.e., Buenos Aires). High tariffs reduce the spatial influence of relevant external markets and increase that of local ones. 

We find also that both factor endowments and agglomeration economies have played a key role in shaping the distribution of employment across provinces in Argentina. The presence of natural resources such as oil reserves has been important for some jurisdictions to host industrial activities using intensively these resources. Moreover, we observe that agglomeration economies have had a positive and significant effect on location decisions. Sectors with strong cost linkages tend to settle in provinces with large industrial bases. However, this is not the case for the interplay between market access and economies of scale and industrial base and intermediate demand bias. Finally, fiscal policy has also affected the geography of industries. Tax breaks are associated with higher share of industries which are more mobile over space. 
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3312          Manufacture of instruments and appliances

2222          Service activities related to printing

3313          Manufacture of industrial process control equipment

2230          Reproduction of recorded media

3320          Manufacture of optical instruments and photographic equipment

2310          Manufacture of coke oven products

3330          Manufacture of watches and clocks

2320          Manufacture of refined petroleum products

3410          Manufacture of motor vehicles

2330          Processing of nuclear fuel

3420          Manufacture of bodies for motor vehicles; manufacture of trailers 

2411          Manufacture of basic chemicals

3430          Manufacture of parts and accessories for motor vehicles 
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3530          Manufacture of aircraft and spacecraft

2423          Manufacture of pharmaceuticals, and medicinal chemicals 

3591          Manufacture of motorcycles

2424          Manufacture of soap and detergents,  perfumes and toilet preparations

3592          Manufacture of bicycles and invalid carriages

2429          Manufacture of other chemical products n.e.c.

3599          Manufacture of other transport equipment n.e.c.

2430          Manufacture of man-made fibres

3610          Manufacture of furniture

2511          Manufacture of rubber tyres and tubes

3691          Manufacture of jewellery and related articles

2519          Manufacture of other rubber products

3692          Manufacture of musical instruments

2520          Manufacture of plastics products

3693          Manufacture of sports goods

2610          Manufacture of glass and glass products

3694          Manufacture of games and toys

2691          Manufacture of non-structural non-refractory ceramic ware

3699          Other manufacturing n.e.c.

2692          Manufacture of refractory ceramic products
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Dependent variable is the logarithm of the relative locational share given by the ratio of Equations (1)/(2) as defined in text

Zero observations are excluded

Robust standard errors in parentheses

* significant at 10%; ** significant at 5%; *** significant at 1%

Least Square Dummy Variable Estimations - Relative Shares

Industry Fixed Effects

Province Fixed Effects

Year Fixed Effects

Observations

Adjusted R2
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Dependent variable is the logarithm of the locational share as defined in Equation (1) in text

Provinces characteritics are used in the selection equation

Robust standard errors in parentheses

* significant at 10%; ** significant at 5%; *** significant at 1%

(a): Conditions for the Hausman Test are not met

Industry Fixed Effects

Sample Selection Model (Maximum Likelihood Estimation) 

Observations

Wald Test Statistics (X
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Province Fixed Effects

Year Fixed Effects
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The Table reports GMM estimates with standard errors corrected for spatial dependence as suggested in Conley (1999)

Dependent variable is the logarithm of the locational share as defined in Equation (1) in text

Explanatory variables are instrumented with lagged values (when possible)
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INDEC

Natural resources abundance

Oil reserves in thousands of cubic meters/Population between 15 and 65 years old
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INDEC

Labor scarcity

Provincial average manufacturing wage/National average manufacturing wage

1985, 1994

INDEC

Skilled labor abundance

Population with at least (incomplete) terciary studies
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INDEC

Market potential

Measure of market access calculated as indicated below 
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Industrial base
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INDEC/CFI
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1994
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-

IGM

Industrial Promotion

Dummy variable: 1 for benefited provinces and 0 otherwise

1985, 1994

ME

Provincial taxes

Own Revenues/Total taxes

1985, 1994

ME

Industry Characteristics

Definition

Years

Source of Raw Data

Agriculture intensity

Agricultural inputs/Production value

1997

INDEC

Natural resources intensity

Raw materials and energy/Production value

1985, 1994

INDEC

Labor intensity

Labor compensation/Production value
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INDEC

Skilled labor intensity
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Tariffs averaged at the 4 digit level of the ISIC
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GI and LCA (1995)

Transport intensity

Transport cost margin/Total supply
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Abbreviations:

IGM: Military Geographical Institute

INDEC: National Statistical Bureau

ME: Ministry of Economics

GI: Importer Guide

LCA: Lifchitz and Crespo Armengol (1995)

Provincial and Industry Characteristics: Definitions, Time Coverage, and Sources of Raw Data
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Kernel Density Estimate - AC Index (1985)
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Kernel Density Estimate - AC Index (1994)

Market Potential: 

The market potential of a country is captured through the index proposed by Keeble et al. (1986). Formally:                      where i is the province under examination, j corresponds to remaining jurisdictions in the country, Yi is the GDP of province i, dij measures the distance between the most important cities from an economic point of view in province i and j and dii is the intra-province distance, given by 1/3 of the radius of a circle with the same area as the provincial state i (Leamer, 1997). The value of the measure is higher, the higher the own GDP, viewed as a proxy for own market size, the lower the own area, and the lower the distance to the main markets of other jurisdictions.
Appendix A2

Table A2.1: Industry Classification
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� See, e.g., Edwards (1997), IDB (2002), and Lederman et al. (2003). 


� Some new studies on Mexico have recently been released (see Hanson, 2001). Initial attempts at dealing with this issue in the case of the Southern Cone countries can be found in Sanguinetti et al. (1998), Volpe Martincus (1999, 2004), Haddad et al. (2002). On the other hand, as a consequence of the policy concerns about the spatial implications of trade liberalization initiatives, this topic has received a lot of attention by academic circles in the case of the European Union. There are many studies that have tried to identify whether economic integration has affected the pattern of geographical distribution of activities across EU members (see Overman et al., 2000, and Midelfart-Knarvik et al., 2000; and Overman and Combes, 2003, for a good survey) and within these countries (see, e.g., Traistaru et al., 2002)..


� This conclusion assumes a featureless space. If specific locational advantages are introduced, then it is possible to assess the direction in which manufacturing activities move. In particular, industries tend to relocated towards regions with better access to relevant foreign markets. For example, as indicated above, Hanson (1998) reports that the opening of the Mexican economy has induced a northward relocation of manufacturing activities, i.e., towards places with good access to the United State’s market. 


� Table A2.1 in Appendix A2 lists the manufacturing sectors identified by the ISIC Rev. 3 at the 4 digit level.


�One should be careful in making inferences on output and value added from results that are based on employment data, since capital-labor ratios and labor productivity are likely to differ across industries and across sub-national geographical units.


� Many empirical studies use the Gini Coefficient as an indicator for relative concentration. However, this index places implicit relative value on changes occurring in middle parts of the distribution (see Cowell, 2000). A movement from a big province to a small one has thus much greater effect on the industry Gini Coefficient if the two provinces are near the middle rather than at the end of the distribution. Movements between provinces that are closer to the average will therefore get the most weight in the industry Gini Coefficient. As these provinces may vary from year to year, the weighting of provinces may then vary and one does not know whether these will be the big or small regions (see Amiti, 1997). 


� The concentration index of a particular industry can only approach this value when the industry in question is completely concentrated on one province that has no share in overall manufacturing, i.e., when this spatially concentrated industry is infinitely small with respect to overall manufacturing.


� These provinces were benefited by a regional promotion regime implemented since the mid-1970s which allowed significant cuts of national taxes on firms located in their territories. In the case of Tierra del Fuego, a special customs status was additionally conceded. Other regional development policies that were in place during this period include measures that encouraged firms to exports from ports located in Patagonia and some restrictions on the settlement of new plants within a radius of 60km around the central area of Buenos Aires City. We will explicitly control for the effect of these policies in our econometric analysis using provincial fixed effects.


� Some relatively small provinces such as Tucumán, Chaco, and Santiago del Estero have also suffered share losses.


� Observation for Forming, pressing, stamping, and roll-forming of metal (Code 2891) and Manufacture of electronic valves and tubes (Code 3210) are missing for 1974 and 1985. 


� This classification should be considered as indicative, since we are not able to control for industry concentration at the firm level (see Combes and Overman, 2003). 


� For an application of this empirical methodology to Brazil see Volpe Martincus (2004).


� Recent models combining fiscal issues and insights from the new trade theories show that tax breaks tend to increase the share of industries with increasing returns to scale located in the conceding region. Tax breaks raises the profitability of being settled in this region and, given the indivisibilities to which they are subject to, activities with economies of scale prefer to be established there (see Martin and Dupont, 2003, and Volpe Martincus, 2004). Finally, the new trade theories allow us also to address the locational effect of infrastructure (see Martin and Rogers, 1995). The quality of infrastructure determines interregional and internal trade costs. Hence, a bad infrastructure implies that a large proportion of produced and traded goods are not effectively consumed, but that they “disappear” in the transportation process. In this context, firms that intensively use transports services tend to locate in provinces with better infrastructure, since this implies a lower effective price for the purchaser and therefore a higher relative demand for goods produced in such territories.


� We consider only two years, because we do not have data for most explanatory variables for 1974.


� The full information maximum-likelihood estimator is usually more efficient than the alternative two-step Heckman estimator (see Puhani, 2000). This is particularly true when there is a high degree of multicollinearity between the hazard ratio and the explanatory variables (see Nawata, 1994).


� The White’s general test has been carried out to test for heteroscedasticity (see Greene, 1997). Unlike other usual tests, like the Goldfeld-Quandt and Breusch-Pagan, it does not require to specify the nature of heteroscedasticity. In our case, it suggests that indeed there is heteroscedasticity. 


� This method has the advantage that it does not impose any extraneous restrictions on the shape of spatial autocorrelation. The covariance matrices are estimated nonparametrically (see Conley, 1999).


� Amiti (2001) shows that industries may end up located in regions without a matching comparative advantage when there are other competitive reasons for location, namely, the convenience to be settled closer to providers of other intermediate inputs or to customers. Mutatis mutandis a similar could apply in this case.


� Most empirical papers dealing with datasets with a large number of zero observations mechanically perform and report Tobit estimations. However, this strategy has a fundamental shortcoming. Strictly speaking, the Tobit model is applicable only in those situations where the latent variable can, in principle, take negative values, but these negative values are not observed due to censoring. As stated in Maddala (1992), when instead zero values are not because of censoring, but of the decision of economic agents, then the appropriate procedure is to model the decisions that produce zero observations.


� These characteristics are: agriculture abundance, mineral abundance, labor abundance, skilled labor abundance, market potential, industrial base, distance to Buenos Aires, taxes, and infrastructure. Estimates for the selection equation are not reported but are available from the authors upon request. We have also used a subset of provincial characteristics instead of the whole set as variables in this selection equation. For example, we use fiscal policy variables such as taxes and infrastructure and one variable related to geographical advantage, namely, distance to Buenos Aires. The Wald statistics is significant in all specifications and estimation results are the same as before. These results are available from the authors upon request. 


� Note, however, that some changes in the significance level of estimated coefficients occur. Comparative advantage in skilled labor and demand linkages become significant, while comparative advantage in minerals becomes insignificant. 
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