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Alternative theories for explaining the spatial wage inequality: a multilevel competition among 

human capital, NEG and amenities. 

 

Abstract 

This paper presents an empirical framework for analyzing the spatial wage inequality in a Latin American 

country: Chile.  This country is mainly characterized by two stylized facts:  the high spatial concentration 

around metropolitan areas and the key role of natural resources. We consider both elements with a 

competition between NEG versus amenity framework.  Both theories are combined with human capital 

through a Multilevel Analysis.   The results show the low performance of NEG for Chile and how the 

natural resources are a winner causal mechanism for the case. Additionally, the spatial wage variability is 

extremely small when it is compared with the wage variation at individual level. 

 

Keywords:  spatial wage inequality, spatial concentration, natural resources, NEG, amenity framework, 

wage variation at individual level. 

 

Este artículo presenta un marco empírico para el análisis de la desigualdad espacial de los salarios en 

un país de América Latina: Chile. Este país se caracteriza principalmente por dos hechos estilizados: 

la alta concentración espacial alrededor de las áreas metropolitanas y el papel clave de los recursos 

naturales. Consideramos que los dos elementos con una competición entre NEG frente al marco de las 

comodidades. Ambas teorías se combinan con el capital humano a través de un análisis multinivel. Los 

resultados muestran el bajo rendimiento de NEG para Chile y cómo los recursos naturales son un 

mecanismo causal para ganar en este caso. Además, la variabilidad espacial de los salarios es 

muy pequeña cuando se compara con la variación de los salarios a nivel individual. 

 

Palabras clave: desigualdad especial de los salaries, concentración especial, recursos naturales, NEG, 

marco de las comodidades, variación de los salarios a nivel individual. 
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1. Introduction 

Spatial wage disparities are a constant concern for policy makers, as well as the subject of popular 

debates.  A clear example is the European Commission, which has supported several policies to reduce 

regional disparities through direct investment at the inter- and intra- country level (Brakman et al., 2005; 

Breilinch, 2006).  In Latin American (LA) countries, significantly higher levels of inequality have led to 

strong recommendations from international groups such as the ONU-WIDER who indicates that 

inequalities have arisen “…partly as a consequence of the uneven impact of trade openness and 

globalization” (Kanbur et al. 2005). Accurate conceptualization and empirical estimation of the 

underlying fundamentals driving the observed disparities are necessary both to design, and to assess the 

effectiveness of, such (proposed) regional equalization polices. 

The literature has addressed the inequalities from different perspectives.  The most developed 

approach is Human Capital Theory (HCT) where the wage differential is driven by demand and supply of 

human capital endowments and the observational unit is the individual worker. HCT suggests that highly 

skilled workers are concentrated in large urban areas and generating core-periphery structures, also 

referred to as spatial sorting of skills.  Combes et al. (2008a) test this phenomenon and find that half of 

wage inequality is explained by HCT.  In this sense, the HCT is the main framework for analyzing the 

wage differentials and its empirical performance is hardly questionable.  However, HCT focuses on the 

micro level of the worker, while others forces operate at a more aggregated level such as the geographical 

scope of the labor market (Rosenthal and Strange, 2004).  This second group of approaches, mainly 

derived from regional economics, is conducted at a geographical scale rather than at the level of the 

individual. Within the spatial/geographic analyses at least two main approaches compete for explaining 

the wage variation that is not explained by HCT alone.   

The first approach of this second group, commonly referred to as New Economic Geography (NEG) 

following Krugman (1991), implies a positive relation between wages and Market Access (MA).
1
  This 

framework indicates that the spatial concentration of firms decreases the average cost of production, it 

generates the incentives for firms to seek agglomerations and they offer higher wages. This mechanism is 

conditioned by a production function with increasing returns to scale.  While the NEG has performed well 

for developed countries,
2
 it is not designed for incorporating the natural differences among regions, such 

as raw materials endowment and climate features (Combes et al, 2008b).  This missing dimension poses a 

problem for explaining wage inequality in countries where, for example, the exploitation of natural 

resources is a key sector of the economy.  In contrast to NEG, a second approach, the Spatial Equilibrium 

Model (SEM) (Roback, 1982) brings out amenities as the main explanation for wage disparities.  Roback 

suggest that if the shadow prices of amenities are capitalized in wages and rents, then the spatial wage 

inequality should be reduced after controlling by both variables. These amenities are any initial 

endowment, such as sea access or climate, which affect the utility of consumers or cost function of the 

firm.  Roback (1982, 1988) and Dumond et al. (1999) among other authors, show that, after controlling 

for the shadow price of amenities, the nominal wage inequality vanishes.  While both theories have found 

empirical support in different countries, there is no doubt that NEG and SEM compete in explaining the 

                                                           
1
 According to Pires (2006) the majority of the articles estimate an elasticity wage-MA between 13 and 30 percent.   

2
 For empirical applications see U.S. (Graves et al, 1999; Durmond 1999; Hanson 2005; Partridge et al. 2009), 

Germany (Brakman 2004), Great Britain (Fingleton 2005, 2006) and Italy (Mion 2004) 
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local variations in labor supply and demand that cannot be explained by HC alone (see Partridge, 2010, 

for a thorough discussion).   

Considering the theoretical approaches described above, how could the NEG and SEM theoretical 

frameworks be articulated for empirical investigations of countries where income (and related) 

inequalities are highly conditioned, among other factors, by economic geography?  In this sense, the 

economic geography implies the consideration of several features belonging to developing countries.  

First, the transportation systems, market structures and institutions are at a very different stage of 

development compared with those in the USA and the European countries, for example.  Secondly, Latin 

American countries show a high dependency on natural resources exports rather than manufacturing and 

service exports. Thirdly, high transport costs in Latin America, compared to developed countries, reduce 

the ability of market solutions based on factor mobility to reduce the spatial disparities. Moreover, each 

one of these characteristics may affect the empirical performance of the theories described, especially 

those specified at an aggregate level such as NEG or SEM.   

This paper contributes to understand a particular of a Latin American country, Chile, by proposing 

several theoretical and empirical innovations relative to the existing literature.  First, Venables (2005) 

suggests that the spatial endowment of natural resources is crucial for understanding spatial location of 

economic activity in primary goods export oriented countries.  According to the British Geological 

Survey 2008
3
, Chile is the main global copper producer, thus a country with a high dependency of natural 

resources.  To capture the natural resources role, this paper casts natural resources as a particular type of 

firm amenity in the SEM framework.  That is, amenities are not represented only by standard proxies such 

as climate or quality of life as discussed by Graves (1976, 1979, 1980), but rather they are immobile 

productive resources. This representation allows the SEM to capture the particular context of natural 

resource dependence, in the competition between SEM and NEG for explaining the portion of spatial 

variation in wages beyond what HCT can account for. 

A second set of innovations is proposed from the empirical perspective.  The existing literature 

estimates the explanation power of NEG and SEM models using strategies with several shortcomings. In 

the case of NEG, Brakman et al. (2004, 2006), Breilinch (2006), Fingleton (2005), and Brulhart and 

Koenig (2006) among other authors have estimated a wage equation using aggregated variables, namely 

average wages at different spatial scales.  The main concern with this approach is the exclusion of the 

micro data variability of the human capital. When micro-level information is unavailable, the aggregate 

approach is a valid one. However, ignoring individual information renders this approach at least 

problematic. Paillacar (2006), Hering and Poncet (2010) are exceptions in estimating wage equations 

using micro data level. While these latter articles incorporate worker heterogeneity, they use as the 

dependent variable the MA which works at an aggregated spatial scale,
4
 thereby ignoring the interaction 

between both levels: micro and macro scales. In other words, the disturbance term is still assumed work at 

individual level, but the effect of aggregated variables is only incorporated as fixed effects and not in the 

error term (Corrado and Fingleton, 2011). For example, MA can affect individual wages through the scale 

economies enjoyed by geographically clustered firms (NEG proposition), but this concentration can also 

affect the quality of workers such as education or productivity.  Ignoring the interaction between the 

micro and aggregate levels “is dangerous at best and disastrous at worst” (Aitkin and Longford, 1986). 

                                                           
3
 http://www.bgs.ac.uk/mineralsuk/statistics/worldStatistics.html 

4
 The MA is computed at county level. 
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This paper contributes a means of overcoming these problems associated with the consideration of a two-

level analysis—both micro and regional. The two-level analysis captures worker heterogeneity (micro 

level), while the NEG and SEM models are considered at a regional level (county). This methodology 

incorporates the interaction between both levels and the estimations should thus be seen as an 

improvement on the existing literature.  

<<INSERT FIGURE 1 AND 2 HERE>> 

The empirical results confirm that the approach taken in this paper produces a richer and more 

nuanced understanding of the Chilean case.  The estimations show that 6% of the unexplained wage 

variance can be attributed to the community level, which is labeled as initial spatial wage inequality. This 

percentage is fixed as the benchmark for the competition among theories. In other words, this percentage 

becomes a 100% and each theory must explain a portion of this total (See Figure 3). The Human Capital 

Theory exhibits a fundamental role for reducing the initial spatial wage inequality by 86.72% and a 

13.28% of spatial wage inequality is maintained. These estimations suggest that wage inequalities are 

strongly explained by different mixes of human capital endowment in the regions that may also be a 

reflection of differential economic opportunities. This percentage overcomes other estimation where the 

Human Capital explains around a half of wage variability (Combes et al, 2008b).   This result, as far the 

author knows, is the first estimate of the human capital and other spatial components of wage inequalities 

for the Chilean case.  

<<INSERT FIGURE 3 HERE>> 

While the Human Capital is a crucial component, the rest of the spatial wage inequality, namely 

13.28%, could be explained by both macro theories: NEG and SEM.  The spatial wage inequality is 

poorly explained by the NEG.  Firstly, the MA-wage elasticity is extremely low in comparison with 

estimations in other countries around a 6%. Secondly, the NEG and Human Capital explain around the 

90.98% of the initial spatial wage inequality. This result means an improvement of almost 4.26% that the 

case where Human Capital is tested alone. On the other hand, the incorporation of housing price, such as 

Roback (1982) suggests and the role of amenities accounts for 96.16% of initial spatial wage inequality. 

Thus, the amenities and housing prices increase the explanation of Human Capital in 9.45%. This result 

implies that regional wage variation is highly explained by Human Capital and any remained variations is 

correlated with amenities, but it is not related with NEG sources. 

The paper is structured as it follows.  Section 2 presents the Chilean context and how this case could 

represent developing countries in general.  Section 3 presents the theoretical models, namely NEG and 

SEM, and describes their a priori fit for the Chilean case.  The econometric identification strategy and 

data comprise Section 4, followed by results in Section 5 and conclusions in Section 6. 

2. The Chilean context: an example of a developing country 

Chile presents a particular economic geography that must be understood when evaluating the wage 

differentials.  Kanbur et al. (2005), Aroca (2009), Paredes (2011) among other authors have highlighted 

the excessive spatial concentration of the economic activity around the capital of the country, namely the 

Metropolitan Region of Santiago (MR).  According to Echeverria and Gopinath (2007), the MR occupies 

2% of the total territory, but 50% of the total production and the 40% of the total population are 
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concentrated in this area.  Aroca (2009) also highlights the concentration of the institutional design 

around the MR, where an extreme centralized political structure dominates the autonomous development 

of the regions.  These stylized facts undoubtedly determine the economic geography of the country, and 

obviously influence the wages. 

The NEG literature links geographical concentration with wages.  According to this theory, the size of 

the MA is positively correlated with wages.  Looking at figure 2, this idea partially fits with the Chilean 

case.
5
 The MR presents a large MA where the firms prefer to locate and they compete with each other for 

skilled workers who are able to claim higher wages (Paredes, 2011); however this variable is irrelevant 

for other geographical areas in Chile where the wages are also high such as the extreme north.  Given this 

spatial pattern, the NEG appears as a natural model to evaluate the case of the MR, but not the general 

Chilean case.  

Alternatively, the SEM suggests that amenities, coming from the consumer or producer side, 

simultaneously affect wages and rent prices.  Those regions with consumer amenities compensate with 

the lower wages and those with dis-amenities generate premium wages.  This paper assumes the natural 

resources as a particular type of amenity, which mainly affects the production side or producer amenity.  

The lower cost attracts firms generating a geographical concentration, and increasing the worker 

productivity through the economics of agglomeration (Fujita and Thisse, 2002).  This mechanism 

explains why spatial units with natural resources present higher wages.  Simultaneously, the location of 

firms and workers pushes up land demand, and those regions with producer amenities could also present 

higher housing prices.  To support the fit of the SEM theory on the Chilean case, figure 4 plots the wage 

differentials and the Spatial Housing Price Index (SHPI) for 2009.
6
  The horizontal axis represents the 

spatial distribution of counties for Chile where the left corner represents the extreme north and the right 

corner the extreme south
7
.  

<<INSERT FIGURE 4 HERE>> 

According to figure 4, the highest differential of wages is found around the Metropolitan Region of 

Santiago, which also represents the highest spatial concentration of population in the country.  Two small 

clusters of higher wages are located in the extremes of the country.  The II Region of Antofagasta and the 

extreme south also exhibit higher wages.  The Spatial Housing Price Index follows a similar pattern, with 

the highest rents centered in the Metropolitan Region of Santiago followed again by the extremes of the 

country.  This plot supports the previous graphical representation of figure 2 as far as the outcomes of the 

regions with natural resources display higher wages and rents, though not enough to overwhelm the 

impact on the MR. According to the stylized facts described previously, the NEG and SEM frameworks 

seem to apply for the Chilean case. The next section explains the theoretical background of both models 

and how they can be represented in the Chilean context. 

                                                           
5 The hourly wage represents the average of wages divided by the total of worked hours, Population MA is a proxy 

of MA constructed with the total population by spatial unit and wage MA is another proxy, but where the total wage 

are used to construct the MA 

6 This index is proposed by Iturra and Paredes (2011).  Given that Chile does not estimate an official measure; this 

variable is the best available proxy to estimate the role of the housing prices. 

7The wage differential is approached with counties fixed effects after controlling by characteristics of the worker 

and industries fixed effects. 
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3. Theoretical model 

3.1. Spatial Equilibrium Model (SEM) 

Assume a set of cities where each one owns a level of amenity   which varies continuously over 

(     ) and it is exogenously fixed.  The workers-residents are producers and consumers of a composite 

consumption good  .  Commuting among cities is prohibited, but the migration is allowed as well as the 

intra-city commuting.  Workers have similar tastes and skills and they offer a single unit of labor.  Thus, 

the worker maximizes the level of utility consuming a composite good   and residential land   .  The 

market equilibrium condition for wages   and rents   given an amenity   is captured by the indirect 

utility function: 

 (     )    (1) 

The indirect utility function has the usual properties and     ⁄    because   is an amenity. The 

indirect utility must be similar across space avoiding incentives for migration of workers. The composite 

good   is produced by firms with a constant-returns-to-scale production function    (      ) with    

land used in production and   for the total number of workers and can be considered a measure of 

economies of agglomeration.  Given the structure of the production function, the unit cost must be equal 

to the product price normalized to 1: 

 (     )    (2) 

This condition removes the incentive of firms to move among cities.  The marginal costs are 

represented by      ⁄  and     
  ⁄ .  The amenity can affect the firm’s plan through two channels.  

If the amenity is unproductive, then     .  The opposite sign applies when the amenity is productive. 

Equilibrium implies a     combination which depends on  . Thus, the magnitude of spatial variation in 

wages and rents in equilibrium is related to the amenity on either or both the consumer and firm side.  

This causal mechanism is described by the figure 5 that evaluates how the equilibrium condition applies 

for the case of two regions and for one representative consumer who lives and works in a spatial unit 

characterized by a   level of amenity.  The consumer derives a utility level equal to   such as 

 (      )   .  Simultaneously, the firm also faces this level of amenity producing a unitary cost 

 (     )   .  Both conditions imply an equilibrium combination of {     } described by the point A in 

both graphs.   

Thus, the empirical version of the SEM model postulates that wages and price level differentials are 

related with the role of amenities. Using the Chilean case the consumer has two location choices: he can 

move to a city with a high level of natural resources (graph on the top in figure 5), say Region II 

(Antofagasta), characterized by an    level of amenity; or he can move to the Metropolitan Region of 

Santiago (MR) with an    level of amenity (graph on the bottom in figure 5).  The amenity in Antofagasta 

is represented by the access to the copper mining. This amenity implies that the city is mainly 

characterized by industrial production and it is not considered a pleasant place for consumers by 

assumption, then        ⁄ .  In order to keep the same level of utility, the amenity    implies that 

workers require a higher level of wages and/or lower level of rents (B) if they move to Antofagasta.  In 

contrast, this amenity positively affects the production function of firms,      ⁄   , since it is a 

producer amenity. The firms can offer higher levels of wages and they must pay higher rents in 

competition for land with other firms, moving from (B) to (C).  These assumptions imply a high level of 
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wages and housing prices in the city with natural resources.  The increment in wages is unambiguous 

while the impact on rents depends on the relative sizes of the C and V shifts.   

<<INSERT FIGURE 5 HERE>> 

Simultaneously, consumers can also move to the MR; the city is characterized by a concentration of 

public goods, a high level of urban amenities such as up-scale shopping and entertainment and knowledge 

spillovers.  These amenities are positively perceived by workers moving toward D and        ⁄  by 

assumption.  These amenities also affect the cost of the firms, which enjoy the benefit of agglomeration 

economies due of the existence of thick labor markets and backward or forward linkages (Marshall, 

1890), generating a movement to E.  As the reader can see, the movement from A-E (bottom) is larger 

than A-C (top). Note that in the first case, the movement is generated by spillovers of the natural 

resources in the cost function.  The main channel can be attributed to economies of specialization in the 

production of the natural resources outputs that increases the productivity of workers.  However, the 

impact of amenities on the cost function in the case of Metropolitan Region of Santiago is based 

exclusively on the urbanization economies, technological spillovers or learning process, which according 

to Brakman et al. (2005):  “agglomeration advantages lock business activity in relatively prosperous core 

regions, even though wages - and the production costs - tend to be higher there.”  Thus, the MR should 

exhibits higher wages and rents, but this differential would be higher than in the case of the region with 

natural resource due to the lock-in effect
8
. According to the elements described above, the wages 

differentials are a function of amenities and rent prices.  Following the econometric specification 

proposed by Roback (1982) and Durmond et al. (1999), the SEM model is specified by: 

  (   )               (     )    
             (3) 

where     is the wage of the worker   in the region  ,     is a set of variables representing the HCT, 

      is a spatial housing price index for region  ,      is a set of amenities and    is a set of     

fixed effects for each spatial unit.  The strategy consists of how the standard deviation of    is reduced 

when the       and      are incorporated in the analysis.  This paper, such as noted earlier, does not 

follow this approach.  However, the specification (3) is presented to keep in mind how the SEM has been 

previously tested. 

3.2. NEG  

In contrast to the SEM model, the NEG proposes a positive correlation between wages and MA.  

The NEG is a spatial general equilibrium model characterized by increasing returns and positive transport 

costs.  The clearing conditions produce three simultaneous equations linking regional wages, total 

demand and price indexes.  However, the empirical exercises have been focused on the estimation of the 

wage equation.  Those regions with higher MA will generate a higher level of wages, giving rise to a 

core-periphery wage structure.  

Formally, it assumes that the consumers obtain utility through the consumption of a homogenous 

good (A) and a differentiated good (M).  The utility function is assumed to be Cobb-Douglas, but the 

manufactured goods are consumed in two steps.  In the first step, the consumer chooses varieties of the 

                                                           
8
 Next sections provide empirical evidence to support this argument. 



9 
 

manufactured goods reflecting a love for diversity.  The firms choose the location where they decide to 

produce and they must pay a transport cost     to move the good from   to  .  The production function 

enjoys increasing return to scale; consequently, the firms have incentives to locate the total production in 

only one plant.  Equivalently, the firms prefer to be located close to the large markets.  The demand side 

offers units of labor and the firms are willing to use them in the production function. This mechanism is 

strongly grounded on crucial assumptions such as symmetric regions and large markets characterized by 

dense production systems. By space restrictions, the main emphasis is focused on the empirical 

dimension. The equilibrium wage is represented as a function of the market access.   

   [∑     
   

    
   ]

 

   (4) 

where    is the wage in the region  ,    is the total demand in the region  ,    is the price index in the 

location   and   is the preference for diversity.  Given this wage equation, the NEG predicts that the wage 

differential can be explained by the size of the potential market.  Following Fingleton (2006, 2008, and 

2009) and incorporating the worker heterogeneity, the reduced form is established by: 

  (   )               (∑
  

   
 )               (   )      (5) 

Where    represents the income level for spatial unit,     is the transport cost between the unit   and   

and     is the Market Access of the unit   and     is capturing the worker heterogeneity.  The strategy in 

evaluating if the parameter    is positive and significant.  The most estimation for developed countries is 

in the range from 0.12 to 0.30.  If this parameter is significant after controlling by worker heterogeneity, 

then the MA is assumed to provide the main explanation behind the spatial wage inequality.  

4. Econometric strategy and data 

 

4.1. Econometric strategy 

This paper evaluates how the HCT, NEG and SEM compete in explaining the wage differential. 

Recall that the consideration of these theories generates a scale problem where HCT is presented at micro 

data level while the NEG and SEM are forces working at a more aggregate level.  Simultaneously, most 

literature has ignored the interaction between micro (worker characteristics) and macro level (MA, 

amenities and rent prices).  This paper overcomes these problems proposing a Multilevel Analysis.  The 

initial point is a hedonic wage equation capturing the variation at Level 1 and 2: 

  (   )        ,              (6) 

where     and     present zero mean and variances    (   )   
  and    (   )    

  for the 

community  .  The term   
  represents how much is the wage heterogeneity exist among the   spatial 

units. Note how equation (6) articulates the spatial wage inequality: each community presents a different 

wage average with an effect     above or below the national mean.  The variances   
  and    can be 

estimated from the data using Maximum Likelihood (ML) or Restricted Maximum Likelihood (REML) 

(Snijders and Bosker, 1999).  Both parameters indicate how the variables at Level 1 (HCT) and at level 2 

(SEM and NEG) contribute to the explanation of the spatial wage differentials.  The correlation between 

the variance attributed to the Level 2 is captured by the intra-class coefficients: 
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  (7) 

    If    is close to zero, then there is not information on the Level 2 to be attributed to the variance of the 

dependent variable and there is no evidence to support the hypothesis of spatial wage inequality.  A 

natural step after the base model consists of estimating the same model, but including the HCT proxies: 

  (   )            {       } (8) 

where     is the wage per hour,      contains variables such as years of schooling, experience, marital 

status, economic sector and occupations.  This specification captures the proposition of the HCT and 

spatial sorting, and the wage inequality is estimated with the new estimate of   
 .  Once the variance 

parameters are estimated, the intra-class effect is computed.  This value is an indicator to evaluate if the 

aggregated spatial scales, where NEG and SEM are operating, have important contributions in the 

analysis of the wage inequality. If the intra-class coefficient is significant, then a natural question is how 

much of this inter-group wage variability can be attributed to each theoretical model.  This paper uses this 

argument to evaluate the differences between both models through the specification of the intercept: 

            (   ) (9) 

            (   ) (10) 

This specification implies that the intercepts are different across spatial units and the NEG or 

SEM could explain this difference.  For the case of the SEM theory,  (   ) contains several variables 

used by the literature such as the housing price index, consumer and producer amenities.  The sources 

described by   (   ) use two specifications of MA that are described in the next section.   

<<INSERT TABLE 1>> 

4.2. Data  

This paper uses information at two levels: the first one provides micro-level or individual worker 

level information while the second set is at the community level. The micro data information is obtained 

from the Socio-Economic Characterization National Survey 2009 (CASEN 2009), which is built at the 

individual level.
9
  The selected workers (78,468 in the sample) are between 14 and 64 years and they 

received a positive hourly wage.  The hourly wage is computed by dividing the monthly wage by the 

number of monthly hours worked.  In order to avoid the effects of outliers, the 1 and 99 percentile of the 

total sample bound the sample selected. Table 2 shows the name, a brief description, the metrics and some 

descriptive statistics for variables at Level 1.  Most of these variables are continuous or dummy variables, 

but the variables related with economic sector, occupation and labor situation are nominal.  For these 

cases, the variables were decomposed in     dummy variables, where   being the total number of the 

categories. 

<<INSERT TABLE 2>> 

                                                           
9
 CASEN is a national survey with social and economic information at individual level. 
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The information at the county level was obtained from several sources.  Some variables are estimated 

from CASEN 2009 aggregated at to the community level, or from the National System of County 

Information (SINIM)
10

 such as the MA, SHPI and Location Quotients.  Most of the amenities variables 

were obtained from different public data sources and merged in a unique database. 

5. Results 

The results are presented in the tables 3, 4 and 5. Table 3 shows the estimation of the base line:  a 

regression between wages and a random intercept that varies across the geographical units, namely the 

331 communities.  The key parameter is the variance parameter   
  that represents how much variability 

exist around the national average wage.  This variance is interpreted as a measure of spatial wage 

inequality.  Tables 4 and 5 incorporate several controls variables derived from the HCT plus NEG and 

SEM respectively, but note that they operate at different scales: HCT at Level 1 and NEG and SEM at 

Level 2.  The Multilevel Analysis determines how the parameter   
  is affected with each approach, but 

with the advantage of considering the interaction between worker characteristics and explanatory 

variables at the aggregate level.  If the approach explains the spatial wage differential, then this will 

appear as a reduction in the intercept variance.  Each approach is compared against the   
  estimated in the 

base line, in other words, without any type of explanatory variables.  Simultaneously, the approaches 

compete in the reduction of the residual variance   .   

5.1. Human Capital Theory and Spatial Sorting of Skills 

The first step consists of computing how much wage variability can be attributed to the communities.  

This variance is estimated through Specification 1 described in table 1, and the estimations of Model 1 are 

presented in table 3.  The dependent variable is the logarithm of the hourly wage and the explanatory 

variable is a national intercept (   ) plus two random errors terms (       )   The wage inequality at the 

community level is represented by    (   )    
  and it is significant (at the 1% level) with a value of 

0.052, supporting the existence of spatial wage inequality at the community level: 12.4% of the total 

unexplained wage variability can be attributed to the spatial scale. Model 1 suggests the existence of 

spatial wage inequality and it constitutes the base line to provide comparisons with the different 

approaches.  However, this parameter is unbiased and efficient if and only if the groups at Level 2 and 

independently distributed
11

. Given that Level 2 are spatial units, and then the spatial autocorrelation must 

be tested in order to avoid any problem with the assumption. The last three lines of the table incorporate 

the I Moran using three spatial matrix: neighborhood in a ring of 300 kilometers, 500 kilometers and 1000 

kilometers. After the estimation of    (   ), the Best Linear Unbiased Estimator of    can be estimated. 

This parameter is inserted on the I Moran test to evaluate the null hypothesis of inexistence of spatial 

autocorrelation. Such as the last three rows of first column of table 3 indicates, Specification 1 present 

spatial autocorrelation at 95% of significance for the three spatial matrixes. In order to capture the spatial 

structure, the Model 2 incorporate a set of fixed effects defined by region (See Specification 2). Chile 

owns fifteen regions, and then fourteen fixed effects are included.  These fixed effects help to reduce the 

spatial autocorrelation and the null hypothesis is not rejected. This specification indicates that after 

controlling by spatial autocorrelation, the spatial wage variable is around a 6% of the total variation. This 
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http://www.sinim.gov.cl/ 
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 I would like to the anonymous referees for indicating this problem as a potential concern of the econometric 

strategy. 
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specification is the initial point of the estimation exercise and then this model reduces to 0% the wage 

inequality. 

<<INSERT TABLE 3>> 

As described previously, the main source for explaining the spatial wage differential can also be 

attributed to the Human Capital Theory.  CASEN 2009 provides a rich dataset for controlling by 

observable worker characteristics such as education, age, and sex among others variables (see Level 1 in 

table 2).  A natural step would be to evaluate how the wage inequality reacts when these variables are 

added to the model, as, for example, in Specification 3 (see table 1).  Model 2 (table 3) shows the 

coefficients associated with the proxies of HCT while the categorical variables related with economic 

sector, occupation and labor situation were left out for space reasons.
12

  This column shows the expected 

signs: the workers with higher education and experience present a positive wage premium and the gender 

discrimination is represented by a pseudo-elasticity of 22.3%.  The married, household head and workers 

with permanent job also show higher wages.  However, the most interesting information is represented by 

the estimated variances.  First, the spatial wage inequality is reduced by 86.72% (from 0.052 to 0.007).  

This result supports the hypothesis of spatial sorting: the skill of the workers is not randomly distributed 

across the space.  When the controls are imposed on the worker characteristics, the spatial wage 

inequality among communities is substantially reduced.  This result does not differ from the literature that 

has identified that spatial sorting explains about 50% of the wage variation (Combes et al. 2008a).  

Simultaneously, the HCT has a significant impact on the residual variance that is also reduced by 33.52% 

(from 0.368 to 0.226).   With the inclusion of these variables, the intra-class correlation falls from 12.4% 

to 2.7%; this finding implies that the wage inequality is still related with the communities. Summarizing, 

the HCT is crucial to evaluate the spatial wage differential: this theory explains almost an 87% of the 

spatial wage differential. 

5.2. New Economic Geography (NEG) 

According to table 3 focusing on the Human Capital Theory is relevant for explaining the wage 

differential and they will now be a control to evaluate the NEG impact.  However, in order to analyze the 

role of the NEG by itself, Model 4 and 5 (table 4) only include the MA as explanatory variables. Models 4 

and 5 contain two proxies for the MA. The MA is estimated as follows:  

    ∑
  

   
  (11) 

Such as most of the literature, both proxies use the distance as a proxy of the transport cost between 

the community   and  .  However, this paper considers the limitations of the geographical distance, 

especially in the south of Chile where the presence of islands suggest that the geographical distance may 

not represent the transport cost properly.  For this reason this paper uses the driving distance instead of 

the geographical distance.  Only a small set with missing values was imputed with geographical distances 

between centroids.  The difference between both models is with respect to the variable   , where Models 

4 and 5 use the total population and total income by community, respectively.  The correlation between 

both variables is extremely high (around 0.96) and they are also represented in figure 2.  High values of 

                                                           
12

 The complete dataset is available upon author request, Stata ® code and complete tables are available upon author 

request. 
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MA are extremely concentrated around the Metropolitan Region of Santiago.  Both equations are 

represented by Specification 5-6, (table 1) and the estimations are shown in Models 4 and 5 in table 4.  

The estimations suggest wage-MA elasticity around of 14% for both specifications.  This coefficient is 

low in comparison to those estimated for most developed countries where values between 12% and 30% 

(Garcia, 2006) were found.  The results here support the hypothesis about the discrete role played by the 

MA in the Chilean case.  This theory only helps to reduce the spatial wage inequality by approximately 

59% (from 0.052 to 0.049) for both specifications. However, regional fixed effect explain the 54.69% by 

themselves.  

<<INSERT TABLE 4>> 

In order to be consistent with table 2, the HCT must be jointly considered to evaluate the NEG.  The 

Specification 6-7 (table 1) and the estimations for Models 6-7 (table 4) incorporate the HCT.  Now the 

MA impact is even lower, with an elasticity of 5% and the reduction around of 87% in the wage 

inequality due almost totally to the HCT.  The residual variance is very similar to the residual variance 

estimate for Model 3 reinforcing the finding that NEG does not help to explain the spatial wage 

inequality. A potential drawback of the Models 4-7 is the assumption that MA has a fixed impact across 

space. Multilevel also permits to include a variance in the slope coefficient such as it is showed in 

Specification 8. This model is estimated using the MA of total wages because this variable shows the 

higher wage-MA elasticity. The results in Model 8 indicate than this strategy does not help to reduce the 

wage inequality beyond a 90.98%. This result shows that MA apparently owns a spatially heterogeneous 

fit across the space. Undoubtedly, this reduction is the highest for the NEG model. 

5.3. Spatial Equilibrium Model 

 After testing the role of the NEG, the SEM is used now to explain the spatial wage variation. The 

strategy to estimate the role of the SEM is very similar to that used for NEG, but here wages, housing 

prices and amenities are related.  This paper considers that housing price plays a crucial role for the 

Chilean case, and Models 9 and 10 (table 5), only consider the role of housing prices.  After estimating 

the role of housing prices, Model 11 and 12 adds a set of consumer and producer amenities.  

 The first step is the consideration of the SHPI revealed by Specification 9 (Table 1) and the 

results are presented in Model 10 (Table 5). The first result suggests a wage-SHPI elasticity of 0.69, 

significant at the 99% confidence level.  This estimation supports the intuition derived from figure 3 

where the wages and SHPI are strongly related.  This result is interesting for two reasons.  First, this 

positive correlation reveals the existence of spatial price differentials and why this measure is relevant for 

explaining the spatial inequalities.  The communities with higher housing prices are compensated by 

higher wages, strongly suggesting that the nominal comparison is not appropriate.  However, any 

statistical office does not provide the SHPI, and there is no official price index for the regions.  This lack 

of information makes it difficult to conduct an appropriate regional analysis.  A second consequence 

derived from this result reinforces the accuracy of the price index estimated by the microeconomic 

approach presented in Paredes and Iturra (2011).  This index demonstrates superior outcomes than other 

alternative measures due to its extremely high elasticity with wages.
13

  Regarding wage inequality, SEM 

                                                           
13

 See Paredes and Iturra (2011) for details about the comparison of microeconomic approach with other 

alternatives. 
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shows a much better performance than NEG:  the SHPI by itself reduces the wage inequality by 70.32%. 

In the case of NEG, this reduction is not beyond that 59%. This is the first result in support of an 

argument that the SEM model seems to fit better than NEG for the Chilean case.   

<<INSERT TABLE 5>> 

 The second natural step is the incorporation of the HCT described by Specifications 10 (table 1) 

and the results are shown in Models 10 (table 5).  The role of the housing price is considerably reduced, 

but it is still significant. The SHPI-wage elasticity is 26% when the HCT is incorporated.  The reduction 

of the elasticity can be attributed to the correlation between the worker characteristics and the housing 

quality; those professionals with high wages have a higher propensity to buy more expensive housing 

with greater number of attributes.  This elasticity is estimated for the first time in the Chilean case and the 

estimations show the relevance of this index for evaluating the wage inequality.  Considering the results 

of these models, the SEM, in comparison with the NEG, may be seen to be the superior model.  The 

spatial wage inequality is reduced by an 86.68% over the NEG model.  However, the role of the amenities 

has not been incorporated yet. 

 The amenities are specific characteristics of the spatial unit, but they are not subject to 

manipulation by human intervention. Obviously, the researcher cannot capture the complete set of 

amenities that can affect the producer and consumer side.  Given these constraints, the literature prefers to 

analyze whether the amenities reduce the wage inequality, but it is impossible to account for the complete 

role of the amenities.  A particular type of producer amenity is the existence of natural resources that can 

produce higher productivity due to economies of location or specialization.  Under this scenario, those 

spatial units with a higher location quotient for the primary sector could present high wages even without 

evidence of large MA. Model 11 shows how those natural resources intensive communities also present a 

positive impact on local wages.  Both impacts are significant, supporting the hypothesis about the role of 

the natural resources in developing countries. This coefficient suggests that SHPI is not sufficient in 

explaining wage differentials, when natural resources are a crucial type of amenity such as in the case for 

many developing countries.  

A set of consumer amenities was also incorporated, such as the standard deviation of temperature, 

sea access and the number of hours with UV radiation (see table 2).  The sea access is not significant for 

the Chilean case and the UV radiation shows a strange sign: those communities with high UV present 

lower wages. This strange result can be attributed to the proxy because only some communities present 

measurement centers of UV radiation.  In order to fill the missing data, the UV radiation was imputed to 

those closest communities with the measurement center.  In sum, SEM reduces the wage inequality 

reaching up to 89.07%.  As previously discussed, the impact of SHPI and amenities could vary across 

space. This fact is particularly relevant for the Chilean case due to the almost 4300 kilometers along. This 

implies that the large geographical variation is heterogeneously represented across space. Model 12 

incorporates the SHPI and some significant amenities from Model 12. The last model is extremely richer 

that previous ones and the spatial wage inequality are reduced in almost a 97%. 

Clearly, the SEM shows a better performance than NEG in contributing to the explanation of 

spatial wage inequalities in the Chilean case.  The wage-MA elasticity is extremely low in Chile, below 

the average of developed countries. This result supports the hypothesis than there is other alternative 

sources, particularly natural resources, which could be playing a crucial role in the case of Chile. The 



15 
 

results indicate than HC plus amenities and housing prices explain almost a 97% of the wage inequality. 

While the MA is important in some cases, natural resources dependent countries seem to be a different 

case.  In Chile, the spatial location of natural resources does not coincide with dense areas, and, 

consequently, higher wages could be differently distributed across the space.  Moreover, the particular 

geographical shape does not contribute to an argument that factor mobility reduces the regional 

differentials. 

6. Conclusions  

Spatial wage inequality in LA countries can best be understood and empirically estimated by 

recognizing its particular context.  Key to this context is the role played by natural resources.  In Chile, 

the spatial wage inequality has not been widely discussed even though the data indicate one of the highest 

levels of spatial inequality in the world.  In the investigation of inequality, this paper asks the question 

whether directly importing economic models from developed countries is appropriate for the case of 

countries with such high dependence on natural resources.  Based on natural resource dependency and the 

particular physical geography of Chile, this paper compares the adequacy of NEG versus SEM models of 

spatial wage differentials, in both cases controlling for HC.  In order to capture simultaneously the 

underlying micro contributions of HCT and the influence of spatial characteristics, this paper estimates 

spatial wage disparities as a function of both, the latter represented first by NEG and then by SEM. 

Six percent of the total wage variability can be attributed to the community level. However, the most 

interesting information is represented by the estimated variances.  First, the spatial wage inequality is 

reduced by 86.72% when the HCT is included. The estimations suggest a wage-MA elasticity of 6% for 

both specifications (namely, population and total income) specifications and this coefficient is extremely 

low in comparison with the most of developed countries. When the HCT is incorporated, the wage-MA 

impact is even lower, with a reduction of 90% in the wage inequality. According to these results, the NEG 

does not seem to help to explain the wage inequality beyond the explanation provided by the HCT. The 

performance played by SEM is significantly better than NEG. With respect to the wage inequality, SEM 

reduces the wage inequality by 96.16%.  

Summarizing, the case of developing countries characterized by natural resources present evidence to 

support a different causal mechanism than the provided by NEG.  For the Chilean case, the spatial wage 

inequality is much better explained by amenities than Market Access.  The MA role is not sufficient for 

this case, and its role could be relevant only for the large agglomerations in the country.  This paper 

presents contributions to further understanding the Chilean case, providing evidence to guide the future 

agenda to analyze the wage differential in those countries where the natural resources assume a 

significant role in the productive system.  
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APPENDIX 

Table 1:  Econometric Strategy 

 Theory Specifications 

1 Base Line   (   )              

2 
Base Line   (   )          ∑     

  

   
     

3 
Human Capital   (   )                ∑     

  

   
     

4-5 New Economic Geography 

(two proxies MA) 
  (   )      ∑     

  
       ,                  

6-7 Human Capital and New 

Economic Geography (two 

proxies MA) 

  (   )           ∑     
  
       ,                  

8 Human Capital and New 

Economic Geography (two 

proxies MA) 

  (   )           ∑     
  
              ,             

            

9 Spatial Equilibrium Model   (   )     ∑     
  
       ,                    

10 Human Capital and Spatial 

Equilibrium Model 

  (   )           ∑     
  
       ,                    

11 Human Capital and Spatial 

Equilibrium Model 

  (   )           ∑     
  
       ,                          
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12 Human Capital and Spatial 

Equilibrium Model 

  (   )           ∑     
  
                       ,        

    

          ,           ,  

 

Table 2: Descriptive statistics for level 1 and level 2 

LE
V

EL
 1

  

Variable Description Metric Obs Mea
n 

Std. 
Dev. 

Min Max 

Wage Wage per hour Continuous 784
68 

7298 11721 22 12118
60 

Education  Years of Education Continuous 784
68 

10.3 3.8 0 20 

Age Age Continuous 784
68 

39.6 12.0 15 63 

Sex Sex  1=Men 0= Woman 784
68 

0.65 0.00 0 1 

Head Household head 1=Household head 
0=Otherwise 

784
68 

0.48
7 

0.002 0 1 

Married Marital Status 1=Married 0=Otherwise 784
68 

0.43
3 

0.002 0 1 

Permanent  Permanent Job 1=Permanent 0=Otherwise 784
68 

0.67
2 

0.002 0 1 

Sector Economic sector such as mining, agricultural 
among others 

9 categories 784
68 

5.14
8 

3.071 1 9 

Occupatio
n 

Occupation such as manager, scientific 
among others 

10 categories 784
68 

7.48
7 

2.402 1 10 

Labor 
situation 

Situation such as entrepreneur, employee 
among others 

9 categories  784
68 

4.27
9 

1.446 1 9 

LE
V

EL
 2

 

SHPI Spatial Housing Price index at county level SHPI in reference to Puerto 
Saavedra 

331 1.22 0.38 0.6
0 

3.79 

MA wages Market access estimated with total wages 
per county 

Sum of wages divided by one 
million  

331 174.
35 

207.4
0 

14.
34 

940.4
2 

lnpotp Market access estimated with total 
population per county 

Sum of population divided by 
one million  

331 0.14 0.20 0.0
08 

0.896 

Location 1 Location quotient agricultural and fishing 
sector county level 

Continuous between 0 and 
infinite 

331 1.12 0.74 0 2.775 

Location 2 Location quotient mining county level Continuous between 0 and 
infinite 

331 1.02 2.32 0 16.83
6 

Temperatu
re 

Standard deviation of temperature at county 
level 

Continuous 331 6.76 1.01 4.2
74 

8.159 

Sea Sea access 1=Sea access 0=Otherwise 331 0.30 0.58 0 7 

UV Number of hours with UV radiation above 5. Continuous 331 5.57 1.05 2.4 10.6 

 

Table 3: Wage equation Human Capital 

    

Model 1 Model 2 Model 3 

    

 

  Fixed Effect     

LEVEL 1 

Constant 12.291 12.199 11.758 

Education     0.017 
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Experience     0.015 

Experience2      0.000 

Age*Education     0.000 

Sex     0.223 

Household head     0.090 

Married     0.065 

Permanent Job     0.185 

Dummy Regions No Yes Yes 

    Random Effect     

VARIANCE 

Intercept Variance 0.052 0.024 0.007 

Residual Variance 0.368 0.368 0.245 

STATISTICS 

Intra-class correlation 0.124 0.060 0.027 

Log-restricted likelihood -72651 -72549 -56572 

Reduction wage inequality 0.00% -54.69% -86.72% 

Reduction Residual Variance 0.00% -0.12% -33.52% 

Moran I (Ring 300 Kilometers) 0.107 0.004 0.008 

Moran I (Ring 500 Kilometers) 0.099 0.005 0.008 

Moran I (Ring 1000 Kilometers) 0.088 0.004 0.007 

 

Table 4: Wage equation for NEG 

    

Model 4 Model 5 Model 6 Model 7 Model 8 

    

 

      Fixed Effect     

LEVEL 2 

MA 0.13 0.15 0.03 0.05 0.05 

Dummy Regions Yes Yes Yes Yes Yes 

Human Capital No No Yes Yes Yes 

 

      Random Effect     

VARIANCE 

Intercept Variance 0.022 0.021 0.007 0.007 0.005 

Residual Variance 0.368 0.368 0.245 0.245 0.245 
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MA Variance         0.000 

STATISTICS 

Intra-class correlation 0.06 0.06 0.03 0.03 0.02 

Log-restricted likelihood -72537 -72537 -56572 -56571 -56569 

Reduction wage inequality -58.59% -58.78% -86.99% -87.10% -90.98% 

Reduction Residual Variance -0.12% -0.12% -33.52% -33.52% -33.52% 

Moran I (Ring 300 Kilometers) 0.002 0.004 0.007 0.009 0.002 

Moran I (Ring 500 Kilometers) 0.003 0.005 0.007 0.008 0.003 

Moran I (Ring 1000 Kilometers) 0.003 0.004 0.006 0.007 0.002 

 

Table 5: Wage equation for SEM 

    

Model 9 Model 10 Model 11 Model 12 

    

 

  Fixed Effect       

LEVEL 2 

SHPI 0.69 0.26 0.228 0.106 

Location Quotient Agriculture     -0.026 -0.031 

Location Quotient Mining     0.000 0.002 

Standard Deviation Temperature     -0.005 -0.004 

Sea access     -0.012 -0.007 

UV     0.002 -0.007 

Dummy Regions Yes Yes Yes Yes 

Human Capital No Yes Yes Yes 

 

  Random Effect       

VARIANCE 

Intercept Variance 0.02 0.01 0.006 0.002 

Residual Variance 0.37 0.23 0.245 0.245 

SHPI Variance       0.022 

Location Quotient Agriculture Variance       0.001 

Sea access Variance       0.002 

STATISTICS 

Intra-class correlation 0.04 0.03 0.023 0.098 

Log-restricted likelihood -72490 -53501 -56565 -56547 



22 
 

Reduction wage inequality -70.32% -86.68% -89.07% -96.16% 

Reduction Residual Variance 0.12% 38.58% 33.52% 33.52% 

Moran I (Ring 300 Kilometers) 0.004 0.007 0.003 0.006 

Moran I (Ring 500 Kilometers) 0.005 0.007 0.004 0.005 

Moran I (Ring 1000 Kilometers) 0.004 0.006 0.003 0.005 
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Figure 1:  Administrative division of Chile 
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 1 

Figure 2:  Economic Geography of Chile 2 
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  Figure 3: Reduction of the Initial Spatial Wage Inequality 5 
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 6 

 7 

Figure 4: Spatial distribution of wages and housing price differentials, counties arranged north to south.  Chilean map is 8 
‘’tended’’ on the horizontal axis. 9 

 10 

Figure 5: Explanation for the Chilean case using the Roback’s (1982) model. 11 
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