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Abstract: This paper investigates the productivity-wage relation in the Italian Lombardy region using a novel and 

integrated database of firms’ plant. We find that agglomeration economies play a significant role in affecting productivity 

and wages differentials at the local level. However, this effect depends on the technological and knowledge-based 

resources characterising the industrial mix within the urban and non-urban agglomerations, also controlling for firm-

specific factors concerning, in particular, job-related characteristics. High-density urban areas show a positive wage gap 

in the high technology and knowledge-intensive services, brought about higher productivity. In contrast, manufacturing 

plants show a reduction of the gap only partially offset by sectoral specificities. 
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1. Introduction 
 

The dynamics of wages and productivity has always been crucial to understanding the pace of a 

country’s growth path and its relative position regarding inflation and income distribution, i.e., labour 

and capital shares. 

This issue has, of course, relevant implications and has been investigated both on a time series 

perspective and in a spatial framework. These two approaches complement each other, as the first 

provides the intertemporal macroeconomic framework in which a more disaggregated analysis may 

be undertaken eventually. 

The macroeconomic picture that one can derive from the mid 1990’s suggests that, at least for the 

OECD countries, there has been a significant and constant decoupling between labour productivity 

growth and wage growth, in that the latter’s pace has been significantly lower than that of the former. 

It is also observed an increase in the wage growth dispersion, as real median wage growth 

significantly overtakes the real average wage growth (Uguccioni 2016). On the whole, labour 

productivity and wages grew at a lower pace in the last two decades compared to the previous post-

WWII periods. However, a significant decoupling is operational and is also accompanied by a decline 

in the labour share. (OECD 2018) 

The spatial counterpart of the productivity-wage relation emphasizes the role of regions or other 

spatial areas in affecting both variables and, ultimately, the productivity-wage gap. The studies which 

follow this approach typically aim to ascertain whether regional characteristics – also controlling for 

industry and firm characteristics – affect the wage and productivity differences. This paper addresses 

the question from a regional level of analysis, aiming to investigate the role of localization in high- 

and low-density areas and sectoral specificity.  
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Local differences in productivity and wages may have different explanations. So far, empirical 

evidence shows agglomeration economies may enhance the economic performance of firms operating 

in urban areas in terms of productivity and wage growth (Beaudry and Schiffauerova, 2009). Also, it 

has been identified the presence of an urban-rural divide in terms of business productivity (Webber 

et al., 2009; Rizov and Walsh, 2011; Bartoloni and Baussola, 2019), with establishments in rural areas 

showing lower productivity compared to more densely populated areas not only because of less 

favorable industrial structure but also because of firm-specific characteristics in terms of firm 

structure, capital, and skills endowment. As for the latter, firms in the highest density areas may find 

it easier to access diversified job experiences, thus increasing workers’ abilities.  

In this respect, workers’ characteristics may directly affect the company performance in the highest 

density areas. Besides these positive externalities, congestion impacts (Henderson, 1974) may 

originate from competition among firms for the skilled workforce, which may lead to higher 

production costs and further upward pressure on wages (Combes and Duranton, 2006; Zheng, 2011).  

Given these considerations, we are interested in investigating how urbanization, together with 

industry firm-specific factors and workers’ characteristics, impacts the productivity-wage gap at the 

sub-regional level, using a new establishment data set. The analysis is focused on the Italian 

Lombardy region, which is one of the so-called four motors of Europe, together with Baden- 

Wuttemberg, Rohn-Alpes, and Cataluna. This cluster of regions represents core European areas 

characterized by high level of per capita income, industrialization and innovativeness. This paper 

may, therefore, represent the first step for further comparative analysis aimed to investigate the 

pattern of productivity and wages among the most developed European areas thoroughly, thus 

providing useful information for policy intervention. Results indicate that agglomeration economies 

play a significant role in affecting productivity and wages differentials at the local level. However, 

this effect depends on the technological and knowledge-based resources characterising the industrial 

mix within the urban and non-urban agglomerations. 

The paper, therefore, proceeds as follows. The next section discusses the literature on the 

geographical differences of productivity and wages and its link with the more general debate on this 

issue at the macroecononomic level. Section 3 presents the data and the level of geographical 

disaggregation used. Section 4 explores aggregate patterns of productivity, wages and productivity-

wage gap at the local area and sectoral level of analysis. Section 5 provides the analysis at the 

establishment level. Section 6 provides further evidence on sector heterogeneity and deals also with 

endogeneity issues.  Section 7 concludes the paper. 

 

2. Space, productivity and wages 

 

A large body of literature has focused on different patterns of firms’ performance according to their 

location. Hence, micro grounded investigations are particularly suited for verifying the role of firm, 

industry and geographical factors in affecting firms’ productivity. 

The studies by Henderson (2003), Martin et al. (2011), Baldwin et al. (2008) and Anderson and Loof 

(2011) provide estimates of the impact of urbanization - and agglomeration in general - on firms’ 

productivity in different economic contexts and industries. Although these studies provide evidence 

of a clear productivity gain as long as urban density increases, it also arises that firms’ cost may be 

affected by agglomeration, thus reducing their profitability (Jensen Verwijnaran, 2010; Bartoloni and 
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Baussola, 2019; Stavropoulos and Skures, 2016). As wages are a significant component of a firm’s 

production costs, it is therefore worth analyzing if space, and more precisely agglomeration, matters 

in describing the wage determination at the firm/plant level. 

However, exogenous institutional factors, i.e., unionization and collective bargaining, may play a 

non-negligible role and thus may impact on wages across geographical areas significantly. Indeed, 

the idea that the wage setting rules in continental Europe may distort the productivity-wage link is at 

the center of a controversial debate. 

One can argue that a centralized wage bargaining setting may deter wages to adjust in areas where 

productivity is relatively low, thus causing an increase in unemployment (Konings and Marcolin 

2014, Pench et al., 1999). However, this argument does not take into account the role played by 

structural unemployment which typically is less sensitive to wage variation. Additionally, one should 

consider that a centralized wage setting reflect minimum wages and therefore such wages may be 

sufficiently low in areas characterized by lower productivity. This mechanism is operational for 

example in Italy’s disadvantage areas in the South, where National Contractual Agreement (NCA) 

wage represents a lower floor, in that firms pay a salary equal or slightly higher than the minimum 

fixed by the national agreement, as well documented in Dell’Aringa and Pagani (2005). Furthermore, 

the demand side mechanism should be considered, if one wants to fully understand the mechanism 

which determines productivity growth and unemployment regional differentials (Deleidi et. al. 2020). 

Our investigation aims to highlight differences in firms’ productivity and wages according to their 

location regarding high density populated areas or rural areas. The institutional framework that 

contributes to determine wages lies therefore in the background of the analysis and may help explain 

the difference between the productivity and wages dispersion across areas. 

It is worth highlighting that this disaggregated analysis is relevant because one of the most significant 

and striking evidence of the growth pattern in the OECD countries is represented by the patchy 

territorial characteristics of growth even within regions characterized by higher average living 

standards.  

In particular, we do observe an urban – rural divide, which requires a more in–depth analysis based 

specifically on firms’ behavior in different industries and areas. This analysis may help delineate 

policy aimed at reducing discrepancies in growth opportunities between areas and hence stimulate 

the whole economy growth. 

Ahrend et. al. (2014) underline the crucial role of urban areas - and more specifically high–density 

populated metropolitan areas – in affecting wages and , according to their reasoning, productivity. 

Thus, an explicit investigation of a productivity-wage gap is not considered, thereby assuming a 

straightforward relation between these two variable. As we discuss later in this paper, such a relation 

is not always clear-cut among regions and even sub-regional geographical areas, suggesting therefore 

that both variables should be analysed to derive a more precise evidence of an area’s economic 

performance. 

Along this line of reasoning Kampelmann et.al (2018) analyse the drivers of regional differences in 

productivity and wages emphasizing the role of worker, firm and regional characteristics. Taking the 

institutional framework of the wage setting rules in the background, i.e., the relevance of NCA in the 

wage setting mechanism in continental Europe (in their case Belgium), they derive the impact on 

productivity and wages conditional on workers’ human capital, gender, age and taking into account 

industry characteristics. 
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Also, firms’ characteristics may account for their size and other structural characteristics like capital 

intensity. Areas’ characteristics, i.e., population density, reflect agglomeration economies related to 

- following Duranton and Puga (2005) -  the sharing of productive infrastructure, learning 

mechanisms and matching opportunities between firms and employer-employees. 

However, together with such positive externalities, diseconomies of agglomeration may be 

operational, and they may affect firms’ performance if one considers not only productivity but also 

their earnings. Baussola and Bartoloni (2019) find that an urban- non-urban productivity divide exists 

in a sample of Italian sub-regional areas, but this premium vanishes when considering profitability, 

thus calling for a negative role played by diseconomies (cost) of agglomerations. 

This finding is also confirmed in a previous study for the Tokio metropolitan area by Zheng (2001), 

in that diseconomies of agglomeration are significant and reflect mainly high housing and land prices, 

long commuting times, and a low environmental quality of life. 

The core hypothesis of our study is, therefore, to test and quantify the urban non-urban productivity 

divide and its main determinants related to firm and industry characteristics. Simultaneously, we 

explicitly consider spatial wage discrepancies, and the productivity wage gap. 

This analysis enables us to verify how wage variability among areas is less noticeable, depending on 

the relevance of national and industry wage setting rules. It also underlines the main drivers of such 

differences which nevertheless exist although at a lesser extent compared with productivity 

differentials. 

 

3. Data description 
 

We use the territorial Structural Business Statistics (SBS, FRAME), i.e., the Italian business register 

which integrates establishment data by using (i) the SBS register, the main data source on structural 

and economic characteristics for the total population of Italian enterprises and (ii) the Statistical 

Archive of Active Firms (ASIA-UL), the statistical register of business establishments. Information 

on job quality stems from the ASIA Employment Archive, a matched employer-employee data set 

from which we derive additional variables on the demographic and job-related characteristics of 

employment at the firm level. 

The localization of productive units is defined at the municipality level (Local Administrative Units, 

LAU2), whose degree of urbanization is detected using the DegUrba methodology1. The data set 

covers all industry and services activities, excluding the financial sector as well as some personal and 

household services. The economic sector at the establishment level corresponds to its principal 

activity according to the Nace Rev. 2 classification.  

                                                           
1 The DegUrba classification was set up by Eurostat and adopted within various surveys conducted at the European level. 

Based on a combination of criteria of geographical contiguity and minimum population threshold, this type of aggregation 

produces a map of the regional territory by a grid square cell of 1 km2 to avoid distortions caused by using local 

administrative units varying in size and/or shape. This methodology creates a classification of municipalities in three 

groups: high densely populated areas (at least 50% of the population lives in high-density urban centres), intermediate 

urban areas (at least 50% of the population lives in urban clusters) and rural areas (at least 50% of the population lives in 

rural grid cells) 
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We adopt a sector aggregation according to the level of technology and knowledge intensity 

(Eurostat)2. Although based on the NACE Rev.2 classification, this aggregation of activities is better 

suited to better capture differences related to the firm’s technological capabilities and the availability 

of skills within the productive units. We have more than 4.7 million establishments in Italy, 

generating almost 716 billion euros of value-added. In Lombardy, more than 850 thousand 

establishments are localized, which generates 186 billion euros of value-added, corresponding to 

about one-fourth of the national amount. Descriptive statistics by areas are reported in Table 1 

 

Table 1. Basic characteristics of the DegUrba clusters (totals and % by aggregations) 

  Municipalities 

Population 

(thousand)a 

Surface 

(Km2) 

Firms’ 

local units 

Value 

added 

(billions) 

Lombardy Region 1,527 10,019 23,864 854,144 181 

Urban High-density 8.2 40.4 7.8 48.7 55.5 

Intermediate 47.1 47.8 34.2 42.3 37.7 

Rural 44.7 11.8 58.0 9.0 6.8 
a Residents at the 1th of January 2017 

 

 

4. Descriptive analysis 
 

4.1 Aggregate patterns3 

 

The aggregate evidence shows that both productivity and wages are higher in manufacturing (65k 

and 33k EUR, respectively) than in services (47k and 28k EUR). One should note, however, that 

financial services are excluded in our investigation and hence this fact does affect this comparison. 

The difference in productivity is higher than in wages, and we observe a higher productivity-wage 

gap in manufacturing than in services (32k and 20k, respectively).  

These patterns are clearly correlated to localization (Figure 1): establishments in high-density areas 

are better off than those located in the others. However, this advantage is not equally shared between 

services and manufacturing units. The productivity gain is mainly concentrated in services, whereas 

differences across areas are less pronounced in manufacturing. The wage gain, conversely, is less 

differentiated between these two sectors.  

 

Figure 1. Aggregate patterns of productivity (on the left) and wages (on the right): between-area 

variations. Lombardy=100 

 

 

                                                           
2 Htech classification: https://ec.europa.eu/eurostat/cache/metadata/en/htec_esms.htm 
3 In the analysis developed in this section all aggregates are computed by summing up plant-level values for full-time 

equivalent employees, value added and gross wages. The full set of aggregates are available on request. 
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A step forward in this descriptive analysis aims to disentangle the contribution to the total variability 

due to the specific industry mix within the area, from the contribution due to the average performance 

of the establishments operating there. The analysis is performed at the 2 digit NACE industry 

classification for manufacturing and services. We use a decomposition technique (Rice, 2006; Rizov 

and Walsh, 2011) according to which the aggregate economic performance (component A in the 

tables of results) in the area is a weighted average of industry performances using the appropriate 

industry shares as weights. The methodology may be summarized as follows: 

 

 

(1) 𝑝𝑎 =  ∑ 𝑝𝑎
𝑖 λ𝑎

𝑖
𝑖 =    ∑ 𝑝𝑎

𝑖 𝜆̅𝑖
𝑖 +  ∑  𝑝̅𝑖λ

𝑎

𝑖
𝑖   +     ∑ (𝑝𝑎

𝑖 − 𝑝̅𝑖
𝑖 )(λ𝑎

𝑖 − 𝜆̅𝑖 ) − ∑ 𝑝̅𝑖𝜆̅𝑖
𝑖

 

  

 

Let 𝑝𝑎
𝑖  be the average economic performance in sector i and area a and 𝑝̅𝑖 the average of performance 

for sector i in the Lombardy region (i.e., aggregating all the sub-regional areas a). In the case of 

productivity, the average value is given by the ratio of sectoral value added to employment in the 

specific area, while in the case of wages this is given by the ratio of sectoral gross wages to payroll 

registered employees. 

Let λ𝑎
𝑖

 be the share of industry i in area a, given by the share of employment. We can denote industry 

size in area a as 𝑆𝑎 =  ∑ 𝑠𝑎
𝑖

𝑖  and λ𝑎
𝑖 = 𝑠𝑎

𝑖 /𝑆𝑎 .  Finally, the share of industry i in Lombardy region is 

given by 𝜆̅𝑖=∑ 𝑠𝑎
𝑖 / ∑ 𝑆𝑎𝑎𝑎 . 

The first term on the right-hand side of the above equation (component B, Table 2) is the average 

firms’ performance in the area, which is conditional on the industry composition being the same as 

for the Lombardy region. The second term (component C, Table 2) is the average performance in the 

area given its industry composition, but assuming that the average performance of each industry 

equals the value observed at the regional level. The third term (component D, Table 2) measures the 

residual covariance between industry performance and industry composition in each area, while the 

last term is the aggregate regional performance. Results are normalized by dividing each component 

by the aggregate regional performance so that we obtain a straightforward interpretation in terms of 

indexes).  

 

 

Table 2. Decomposition of Productivity and Wages by area 

 Productivity  Wages 

  A - Aggregate  B - Firm  C - Industry  D - Residual   A - Aggregate  B - Firm  C - Industry  D - Residual  
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 average productivity composition covariance  average wages composition covariance 

  productivity index index     wages index index   

All firms 

Urban High-density 108.4 100.3 107.7 0.4  106.2 99.8 106.8 -0.5 

Intermediate 91.9 99.6 90.6 1.7  93.3 99.9 90.9 2.5 

Rural 87.8 99.8 84.9 3.1  90.9 101.8 86.4 2.7 

Manufacturing firms 

Urban High-density 105.7 104.2 101.8 -0.3  111.9 103.5 107.9 0.5 

Intermediate 98.0 98.0 101.1 -1.1  95.8 98.4 96.6 0.8 

Rural 95.1 98.9 94.7 1.4   90.2 99.3 89.3 1.5 

Services firms 

Urban High-density 113.3 103.0 110.9 -0.6  108.6 102.2 106.6 -0.2 

Intermediate 80.5 95.7 84.1 0.7  84.0 96.9 85.7 1.5 

Rural 73.3 92.9 78.9 1.6   79.8 95.2 82.8 1.9 

 

 

The results indicate that the gain concerning the productivity of the aggregate index is mainly driven 

by the industry composition element, which is particularly relevant in services (+10.9 p.p. compared 

to the regional performance). This component is also relevant in the manufacturing sector (+ 1.8 p.p.), 

but here firm-specific efficiency conditions play a more relevant role in determining aggregate 

productivity in high-density areas (+ 4.2 p.p.). The sectoral mix is also more relevant than the firm-

specific compensation in affecting the wage gain of the highly dense urban areas without significant 

differences between the manufacturing and services activities.   

The conclusion that can be drawn regarding the productivity-wages gap (Table 3) at this aggregate 

level of analysis is that: (i) services establishments in the highly dense populated areas show a positive 

and higher gap compared with the region on the whole, thereby suggesting that their profit share is 

higher as well; (ii) manufacturing establishments in these areas show a larger share going to labour, 

compared to the region as a whole given that the labour compensation index is higher than the 

productivity index. 

 

Table 3. The productivity-wage gap  

  A - Aggregate  B - Firm  C - Industry  D - Residual  

 average productivity composition covariance 

  productivity index index   

 All firms 

Urban High-density 2.2 0.5 0.8 0.9 

Intermediate -1.4 -0.3 -0.3 -0.8 

Rural -3.1 -2.0 -1.5 0.4 

 manufacturing firms 

Urban High-density -6.1 0.8 -6.1 -0.8 

Intermediate 2.2 -0.3 4.4 -1.9 

Rural 4.9 -0.4 5.4 -0.1 

 services firms 

 

Urban High-density 4.7 0.8 4.2 -0.3 

Intermediate -3.6 -1.1 -1.6 -0.8 

Rural -6.5 -2.3 -3.9 -0.3 

The gap is computed as the difference between the productivity index and the wage index. 
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4.2 Firm level analysis 

 

The use of establishment data allows us to investigate the dispersion thoroughly across economic 

units. This means that we can document differences across areas based on average values, thus 

supporting the evidence that we get at the aggregate level. More interestingly, we can measure firm 

heterogeneity reflected in the dispersion patterns within the areas under investigation. This analysis 

is restricted to the sub-sample of establishments with payroll registered employees.4 This sub-sample 

represents 35% of the total number of establishments in the region.  

Thus the individual wage is given by the ratio of gross wages to the number of payroll registered 

employees. Labour productivity is computed as the ratio of value added to the total number of 

employees. We assume that independent employees, representing 26% of the regional employment,5 

have the same gross wage paid to salaried employees. External employment, including agency 

workers, are not included in the computation of labor cost. The cost for external employment takes 

part of intermediate consumption; thus it does not contribute to value added formation. (Arnaldi et 

al., 2016, p. 65)  

Although restricted to the subsample of establishments with salaried employees, results, based on 

median values6, are in line with aggregate patterns (Figure 2). Being localized in the high density 

areas provides a significant difference for the services activities. These establishments show a positive 

productivity-wage gap that we do not observe for the manufacturing as a whole and is mainly 

determined by their higher productivity. An additional breakdown by sectors indicates that in services 

the positive gap is mainly concentrated in the high technology and knowledge intensive services while 

in manufacturing, where on average we observe a negative gap, which means that the medium-high 

and high technology activities still gain a premium (Figure 3). We use Kernel density estimations to 

investigate firm specific heterogeneity within each area (Figure 4). 

 

Figure 2. Establishment level patterns of productivity and wages (medians): between area variations.  

Lombardy=1 

 

 
 

 

                                                           
4 This sub-sample represent the 35% of the total number of establishments in the region. 
5 The share is lower in the manufacturing (11%) than in the services (30%). 
6 Mean values are available on request and do not change the aggregate evidence. 
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Figure 3. Productivity-wage gap by sector: between area variations. Lombardy=1 

 

 

 

Productivity 

 

Distributions for manufacturing and service establishments are right-skewed, thus having higher 

mean values than the medians. Descriptive statistics show that the mean productivity is almost 46k 

EUR compared to the median values, which are equal to 34k EUR. 

In both manufacturing and services, the distributions in the urban areas are slightly shifted to the right 

compared to the rural areas. However, in the urban locations, we observe a higher share of 

establishments toward the central values in the intermediate areas and, conversely, a higher share 

toward the tail in the high-density locations. Box plots also show that within-area dispersion in 

manufacturing characterizes all the areas, while in services is much more pronounced in the high-

density locations. These patterns are also reflected in the median values, which are aligned in both 

high density and intermediate areas in manufacturing, while in services are quite different. 

 

Wages 

Although in both manufacturing and services the distributions appears right skewed, in the latter we 

observe a bimodal distribution, with a large share of units concentrated toward the central values 

between the two peaks. However, in both services and manufacturing the share of units operating 
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toward the tail of the distribution is higher in the high-density locations. Box plots show that the 

within-area wage dispersion is less pronounced, even in services. 

 

Figure 4. Productivity and Wage: Kernel density estimation and box plot 

 

 

 

 

Productivity-wage gap 

These patterns are also reflected in the heterogeneous distribution of the productivity-wage gap. 

Firstly, manufacturing firms show not only a higher median gap compared to services, but also a 
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higher dispersion of the data. This is well described by the kernel curves which are taller and thinner 

in the services compared to the manufacturing establishments in all the areas. Secondly, we can notice 

that manufacturing data are equally spread across different locations, with median values quite 

aligned, while in services the spread seems to correlate with the location of the units, thus indicating 

a higher level of heterogeneity in the dense locations, compared to the others and, also, less 

heterogeneity in the rural areas compared to the urban ones. As for the services establishments in the 

high density locations, the kernel density estimations show a lower share around the central values 

and a slightly higher share toward larger values.  All in all these evidence reveals a higher degree of 

heterogeneity within services linked to localization factors.  

  

Figure 5. Productivity-wage gap: Kernel density estimation and box plot 

 

 

 

5. The empirical model 
 

Methodology 

We estimate separately three equations for labour productivity (log Y), wages (log W) and the 

productivity-wage gap (log(Y/W) at the local level.  The empirical specification may be represented 

as follows: 
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(2) 𝑦𝑖 = 𝛽0 + 𝛼𝑎𝑎𝑖 + 𝛼𝑠𝑠𝑖 + 𝛼𝑎𝛼𝑠𝑎𝑖𝑠𝑖 +  𝛽1𝑿𝑖 +   𝛽2𝑰𝑎 + 𝜀𝑖 

 

where yi generically indicates the dependent variable of interest for the establishment i, a is the area 

of interest according to the DegUrba classification, and s is the sector of activity within the services 

and the manufacturing industries. Xi is a vector of firm specific variables while Ia indicates a vector 

of area-level characteristics. 

With this specification we can explore interaction effects between localization (the agglomeration 

characteristics of the area) and the sector of activity at the establishment level. This modeling 

procedure is suggested by the aggregate results previously discussed, indicating that the productivity 

gain that we observe in high density areas is unevenly distributed between services and manufacturing 

activities. In a linear model, the overall effect of, say, 𝑠𝑖 on the dependent variable must be computed 

as a percent change by making the algebraic sum of the stand-alone coefficient 𝛼𝑠 and the coefficient 

of the interacted term 𝛼𝑎𝛼𝑠 .  

In addition, the inclusion of individual characteristics that may directly affect the performance at the 

establishment level allows us to control for differences in productive scale (six size classes), the 

international openness of the firm (a dummy variable indicating whether the establishment is part of 

an exporting firm) and to account for different types of labour input in terms of gender, type of 

contract (temporary/permanent), workers’ age and labour quality (the share of high-education 

workers). Finally, we assume that vector I captures other demand or supply factors affecting the local 

labour market. Descriptive statistics are reported in Table 4. 

 

Table 4. Descriptive Statistics for the variables used in the empirical model 

Variable Mean Std. Dev. Min Max 

productivity (log) 10.37 0.91 0.00 12.42 

wage (log) 9.85 0.57 8.17 11.29248 

gap (log) 0.52 0.73 -11.02 4.240541 

less than 10 0.83 0.38 0 1 

size 10-19 0.10 0.29 0 1 

size 50-249 0.05 0.21 0 1 

size 20-49 0.03 0.16 0 1 

size 250-499 0.00 0.05 0 1 

size 500 + 0.00 0.03 0 1 

urban high density 0.49 0.50 0 1 

urban intermediate 0.42 0.49 0 1 

rural 0.08 0.28 0 1 

HT manuf. 0.01 0.10 0 1 

MHT manuf. 0.06 0.23 0 1 

MLT manuf. 0.07 0.25 0 1 

LT manuf. 0.08 0.26 0 1 

HITS services 0.05 0.21 0 1 

KWNMS services 0.18 0.39 0 1 

other services 0.44 0.50 0 1 

Household services 0.12 0.33 0 1 

internationalization 0.22 0.41 0 1 
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aged 30-49 0.53 0.32 0 1 

high education 0.12 0.23 0 1 

males 0.49 0.38 0 1 

temporary 0.14 0.24 0 1 

employment rate 50.96 2.81 29.94 74.02 

 

Given the cross sectional nature of the data, we estimate this specification by using OLS and report 

heteroscedasticity corrected standard error7. At low inflation rates characterizing both consumption 

and production prices we use nominal values for both productivity and wages8.  

In Table 5 we present the results for the overall sample of establishments operating in the 

manufacturing and services industries9. In this set of estimates, the localization dummies are 

interacted with two industry dummies related to the services and the manufacturing industries, with 

the latter as the reference. In Table 6 and Table 7 we present results for the manufacturing and the 

services separately. In both these set of estimates we explore further the industry impact by interacting 

the localization dummy with the sectors defined according to their technology and knowledge 

intensity (low technology manufacturing and household services are the reference category, 

respectively). In all the estimations the urban intermediate area is used as the reference category.  

 

Results: all establishments 

The estimates based on the overall sample show that, in general, being localized in the highest density 

areas does not affect significantly the productivity at the establishment level, having as the reference 

category the manufacturing activities in the urban intermediate clusters. Nevertheless, the services 

activities localized in the high density clusters show a 9.5% gain in productivity, as indicated by the 

interacted coefficient, thus partially offsetting the general loss of the services industry (- 13.7%). 

Conversely, the establishments in the rural areas reduce the productivity by 3.7%, without any 

significant difference between services and manufacturing activities (see the interacted coefficient 

rural*services which is not significant).  

As concerns the wage variable, higher density areas show a positive contribution (+4.5%) to workers’ 

compensation. It is worth noting that average wages in services are lower than in manufacturing. 

However, the latter sector’s specific characteristics imply that the wage premium in the high-density 

areas is amplified; on the other hand, a negative impact on compensation in the rural clusters prevails 

(-4.3%), although this effect is moderated by a sectoral services effect.  

Looking at the productivity-wage gap estimates, the coefficient of the services dummy is negative (-

6.1%), implying that profit margin reduces compared to manufacturing. However, localization 

                                                           
7 We tested the appropriateness of a SUR specification in order to take into account simultaneity effects between wage 

and productivity, without any efficiency gain over OLS. Moreover, given the skewness of the data we also estimated the 

model using a median regression. We obtained very similar results, thus we decided to opt for the mean regression. This 

choice is also justified on the ground that the OLS model allows us to derive coefficients for the productivity- wage gap 

regression which are easily interpreted as the difference of the coefficients for the productivity equation and the wage 

equation. All these additional estimations are available on request. 
8 We also estimated our models by using real values of our focus variables. We adopted two alternatives to get real values: 

in the first one we used the value added deflator for both productivity and wages, in the other one we used the Consumer 

Price Index for wages.  We obtained coefficients very close to the regressions with nominal values. 
9 We exclude from the analysis the extraction and utilities sector and the construction sector, whose characteristics are 

not directly comparable to the manufacturing or the services activities. 
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matters as the contribution to the productivity-wage gap when the services dummy is interacted with 

the high density areas is positive (+6.4%) and, also, tends to completely offset the negative impact 

previously described.  

These interactions between localization and industry activity are estimated controlling for individual 

characteristics, included in the X vector of additional variables, which may have a direct impact on 

productivity. One should recall that the set of size dummies clearly indicates that the establishment 

productivity is positively affected by increasing the scale of production. Taking the less than 10 

employees category as the reference group, productivity increases with size, but not in the last group 

(>500 employees) representing large enterprise. In this group of companies decreasing returns are 

operational, implying a 24.2% reduction in productivity compared to small firms. 

The impact of firm size on labour compensation is positive, in that we do observe an increase in 

wages as one moves towards higher size classes with the highest impact registered in the medium 

sizes (25-499), but with a lower pace for establishments with 500 and more employees. Conversely, 

this group of establishments shows a positive effect on labour compensation which is lower than that 

observed in the other size class except the 10-20 class, but is enough to determine a negative impact 

on the productivity-wage gap in the larger class size (-4.4%).  

Regarding the characteristics of the labour input, we do find a significant gender gap, probably related 

to the positive correlation between part time contracts and the proportion of a firm’s female 

employment. A one p.p. increase in the proportion of a firm’s male employment determines an almost 

0.2% gain in productivity. 

Age has a positive impact on productivity too, as being in the middle aged group (30-49 years of age) 

does improve productivity. In this case a one p.p. increase in the proportion of a firm’s employment 

in this age class, entails a 0.1% increase in productivity. 

However, temporary employment leads to a decrease in productivity equal to almost 0.3%, whereas 

human capital proxied by the level of education shows the highest impact among the labour input 

variables: a one p.p. increase of the share of high educated workers determines an increase in 

productivity of 0.75%. 

Finally, the impact of the local labour market is captured by the employment rate at the municipality 

level10. This variable reflects the condition of labour demand and, therefore, the possible relevance 

of labour market slacks. In other words, higher employment rate reflects the tightness of the labour 

market and, therefore, the extent to which firms do compete to acquire better workers.  The estimates 

suggest a significant positive impact equal to 10%.  

 

Results by industry 

The medium-low, high and medium-high technology establishments represent 70% of the Lombardy 

manufacturing industry in terms of total employment. Our estimates show that these establishments 

exhibit, on average, higher level of productivity when compared to the low-tech counterpart, with the 

medium-high category showing the highest impact (+31%) (Table 6). These plants gain an additional 

                                                           
10 Other potential proxies could be used in order to capture the effect of local labour market conditions. Given the high 

disaggregation of our data at the local level, we can only account on labour force census statistics collected at the 

municipality level.  
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increase when located in the highest density areas. In this case the gain is higher for the establishments 

of the high-tech sectors (a further +7.6% increase). As for the manufacturing establishments in rural 

areas, they do not show significant differences in productivity, compared to the urban intermediate 

locations, which are the reference category. As previously stressed for the overall sample of 

manufacturing and services establishments, even in the manufacturing industry localization in the 

highest density areas does not represent a driver of productivity per se, but it does in combination 

with sectoral specificities.  

Conversely, agglomeration economies have a distinctive role in the wage setting. Our estimates show 

that in the highest density areas wages increase by 4% compared to the intermediate locations, with 

a substantial further increase for the high-tech establishments (+7.1%). Also, in the rural areas wages 

are lower, on average (-3.8%), with the medium-high technology establishments showing an 

additional significant negative effect (-2.7%).  

The impact regarding the productivity-wage gap indicates that, although in the high-density areas, 

the wage pressure tends to limit this gap, it increases when considering the medium-high and medium-

low tech sectors. 

As for services, being localized in the highest density areas does increase productivity (+2.7%), 

although this positive effect, computed at the reference category of the household services, falls 

behind that regarding wages (+6.2%), thus determining a reduction of the productivity-wage gap. 

Localization in the rural areas by itself does not affect significantly productivity in the services sector, 

but it does when interacted with the sectoral dummies. Infact, sectoral specificities are relevant within 

the services industries and we observe a significant loss of productivity in each of the services sector 

analysed, compared to the reference category of household services, when the establishments are 

localized in the rural areas.  Interestingly, the knowledge intensive market (KWNMS) services show 

the highest gain in productivity (+42%), with an additional increase for those localized in the highly 

density areas (+14%).  

Contrary to the general (reductive) effect of agglomeration on the productivity-wage gap previously 

described, the gain concerning wages for those establishments operating within these knowledge 

intensive services is not aligned with productivity, giving rise to an increase in the productivity-wage 

gap, particularly in the high density locations: a further 1.1%, which adds to the stand-alone KWNMS 

services dummy (+1.5%). 

Other significant differences between manufacturing and services arise when considering the direct 

impact of firm-specific characteristics. One can note that the share of male employment, which is 

higher in manufacturing than in services (72% vs. 48%), affects productivity and wages much more 

in manufacturing (respectively +0.3% and 0.4%) than in the services (+0.1% and +0.3%) due to a one 

p.p. increases in the male share. 

Temporary employment, whose share is more relevant in services, reduces productivity and wages 

more in this latter than in manufacturing (0.3% and 0.2% in the services vs about 0.1% in both 

variables in the manufacturing. Interestingly, labour quality affect manufacturing and services evenly 

(more than +6% in both cases with a one p.p. increase in the share of highly educated workers). The 

increase in compensation is lower (about +5% in both sectors), thus causing a positive contribution 

to the average gap.  

Finally, we should consider the impact of internationalization, which is captured by a dummy 

variable, reflecting that a firm does export goods or services. Of course, manufacturing companies 
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are more exposed to international competition, and on the whole, the degree of internationalization is 

also higher in this sector. Therefore, it is reasonable to expect that the impact on productivity is 

positive and possibly higher for the fewer services firms that compete on international markets 

compared with their counterparts that operate only in a national context. One should note that the 

share of exporters in services is far below that in manufacturing (5% vs. 30%). 

 

The estimates suggest that internationalization significantly affects both manufacturing and services’ 

productivity, but the impact on this latter is higher (+57%). In both cases, the productivity-wage gap 

tends to increase, although more in services (+23.8%) than in manufacturing (+15.2%). 

 

6. Further evidence on sector heterogeneity and endogeneity issues.  

 

The evidence of previous paragraphs suggests that the influence exerted by urbanization upon 

productivity and wages may substantially vary -in both sign and size- across economic sectors 

according to their characteristics of technology intensity. In this section we shed further light on 

impact heterogeneity, by computing estimates at a sectoral level. This allows us to evaluate the effects 

of location for the entire set of sectors (whereas the industry effects in the estimates of Tables 5-7 are 

measured with respect to a chosen reference sector). Moreover, we explicitly address the issue of 

possible endogeneity bias in the OLS estimates of the link between urbanization and the dependent 

variables of interest. For the sake of space, we will report only results concerning the productivity-

wage gap, which represents the main focus of the present paper. We will also briefly comment on 

unreported estimates obtained for productivity and wages, to the extent to which this is useful to 

explain the results we present for the gap regressions.11   

In order to accomplish these tasks, we will work with a simpler regression specification, which 

includes only a modified (dichotomous) measure of urbanization and excludes interaction terms. 

Doing so allows a substantial reduction in the number of parameters to estimate and, correspondingly, 

in the number of instrumental variables required to perform IV estimation. In practice, the regression 

specification is as follows: 

 

 (3)    𝑦𝑖 = 𝛽0 + 𝛽1𝑿𝑖 + 𝛽2𝑰𝑎 + 𝛽𝑈𝑈 + 𝜀𝑖 

 

where iU  is a dummy variable measuring urbanization derived from the DegUrba classification, 

while the other variables have the same interpretation as before. Recalling that the DegUrba 

classification splits municipalities into three groups, two alternative definitions for the dichotomous 

variable have been considered:  

1) setting 1iU  for areas with high or intermediate density and 0iU  for rural areas 

2) setting 1iU  for high-density areas and 0iU  for the two remaining areas 

                                                           
11 The entire set of results is obviously available upon request. 
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While we will report estimates based upon both alternatives to check sensitivity of results, it is worth 

noting that the implied partitions are of interest in their own. The former is closer to the broad idea 

of an urban-rural divide. The latter distinguishes big urban agglomerations from other areas. As such, 

it may be seen also as an index testing for the productivity advantages of large cities, which have 

been a focus of the recent literature (see e.g. Combes et al., 2012). 

 

6.1 Sectoral OLS estimates 

OLS estimation of specification (3) does not obviously imply any additional technical difficulty with 

respect to those of Tables 5-7. The main results of interest here are reported in Table 8. For the sake 

of clarity, the table includes only coefficients of the urbanization dummy; results concerning the other 

covariates are similar to those of Tables 5-7. 

Let us first look at the upper part of Table 8, where the urbanization dummy equals 1 for both high- 

and intermediate density areas and zero for rural ones. The first block of four regressions concerns 

manufacturing industries. The coefficient of urbanization in these estimates is generally far from 

being statistically significant (and in some cases actually close to zero). This is consistent with the 

unreported estimates concerning productivity and wages, where the positive impact of urbanization 

is of similar magnitude.  

The following block of results reports OLS estimates concerning services. The interest of the 

technology-based sector classification adopted here emerges clearly. In the two sub-sectors with 

higher technology intensity (HITS and KWNMS) the coefficient of the urbanization dummy in the 

gap regressions is positive, relatively large and statically significant. By contrast, the point estimate 

is negative for the two remaining sectors and significantly so in the case of “Household Services”. 

An intuitive interpretation of this set of results is that the positive externalities related to urban 

agglomerations may overcome the increase of wages (which depends on the increase in congestion 

costs) only in more technologically sophisticated sectors. 

The bottom part of Table 8 reports results obtained when the urbanization dummy takes on a value 

equal to 1 for high-density urban areas only. As to the manufacturing firms, the interesting difference 

with respect to the estimates above is that the coefficient of urbanization is always negative and 

statistically significant in all sectors but the MLT one. In the case of HT and MHT manufacturing 

industries, this happens because the positive productivity gains from urban agglomeration are too low 

with respect to the increase in wage costs.  On the other hand, low tech industries (LOT) locating in 

high density urban areas do not even enjoy productivity advantages from locating in high density 

urban areas (the coefficient in the unreported productivity regression is insignificant and actually 

close to zero). Estimates concerning services look much like those in the upper panel of the table, the 

only relevant difference being that the urbanization dummy is now significant also in the regression 

of the “Other Services” sector.  

To sum up, adopting a narrow definition of “Urbanization” brings about two major implications upon 

the estimates: 1) the coefficient of the dummy is estimated with higher precision (and is almost 

systematically significant); 2) the importance of sectoral specificities in influencing the sign of the 

coefficient emerges more clearly (as far as services are concerned). A clear difference in the sign of 

the estimated coefficient appears, when comparing the more technologically sophisticated sectors of 

both manufacturing and services activities. Such a divergence might reflect differences in the role 

played by agglomeration externalities in manufacturing and services industries, but might be also 
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related to typical differences in input demand.12  As a more in-depth investigation of this issue would 

be beyond the scope of the present paper, we leave it as an interesting topic for future research.   

 

6.1 Sectoral IV estimates 

Different sources of endogeneity bias may be at work in our estimation framework. As Combes and 

Gobillon (2015) explain, when estimating the effects of location on outcome variables like 

productivity and wages, endogeneity bias due to omitted variables may take place both at the local 

economy level and at the individual level. For instance, omitted variables bias may occur at the local 

economy if the local availability of amenities like transport infrastructures influences both density 

and productivity. A similar bias may take place at the individual level if unobserved abilities, not 

accounted for in the regression specification, influence both individual outcomes and how economic 

agents sort across locations.13  Another source of endogeneity might come from possible 

measurement error in the categorical variable measuring the degree of urbanization.14  Bias deriving 

from reverse causality is in theory possible as well (e.g. as locations offering higher wages attract 

new workers, thereby increasing local density); in practice, however, this is considered a minor 

concern in the literature (see Melo et al., 2009, on this). 

In order to tackle endogeneity, we follow a recent applied work related to ours, Di Giacinto et al. 

(2014), in that we adopt a two-step procedure for binary endogenous variables suggested by Angrist 

and Pischke (2008).15 This involves computing first a logistic model in which the dummy iU  is 

regressed on a set of instrumental variables Z as well as on the other covariates included in 

specification (3); then, the predicted value of the dummy iU  obtained from the logistic model, say  

iÛ , is used as the instrument for iU  itself in the IV estimation of equation (3). This estimation strategy 

implies that the second-stage regression is exactly identified (so that no usual over-identification tests 

are reported and some caution is needed when interpreting the IV results). The two-step procedure is 

repeated for each sector and the set of instrumental variables Z is held fixed across sectors and 

equations for the sake of comparison. Since lagged values of the DegUrba classification are 

                                                           
12 For instance, manufacturing plants might earn lower productivity gains from urbanization, because they generally 

require higher land use and land is a much more expensive production factor in urban areas. 

 
13 Sorting effects (the self-selection of more productive firms and workers in larger cities) and selection effects (the 

tendency of large cities to select more efficient economic agents through competition) are two potential explanations -

along with traditional agglomeration externalities- of why per-capita output is higher in larger cities. Behrens et al. (2014) 

provide a model accounting for all these mechanisms. 
14 The impression one gets when taking a bird’s eye view of the DegUrba data is broadly consistent with what might be 

expected, with Milan and other major urban cities being classified as “high-density” and small, agricultural centres 

classified as “rural”. However, some misclassification might be present. For instance, contrary to intuition, the rather 

small municipality of Rognano (619 inhabitants, and a density of less than 70 inhabitants per square km according to the 

2011 population census data) is included into the set of high-density locations. 
15 Analyzing a large sample of Italian manufacturing firms over the years 1995-2006, Di Giacinto et al. (2014) evaluate 

the location effects of two different kinds of spatially concentrated areas, namely “urban areas” and “industrial districts”.  

They find that firms located in both types of areas enjoy a productivity premium with respect to those located elsewhere, 

the gain being significantly larger for producers located in cities. 
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unavailable, we follow again hints in Di Giacinto et al. (2014) in that we select altitude and a lagged 

(1991) value of population density as the variables to be included into Z.16 

IV results are reported in Table 9. To begin with, it is worth noting that the instrumental variable we 

build for each sector is certainly not weak. The first-stage F-statistics is systematically much larger 

than the conventional threshold value of 10, below which weak identification is usually considered a 

potential issue (this rule of thumb origins from critical values tabulated in Stock and Yogo, 2005). 

This being said, the picture provided by IV estimates looks much like that of OLS regressions, as far 

as the sign and the significance of the coefficient of interest are concerned. Indeed, IV estimates for 

services sectors perfectly mirror the OLS ones. As to manufacturing activities, the only differences 

concern sectors with low or medium-low technology intensity. For instance, in the LOT sector the 

coefficient of urbanization -regardless of how it is defined- is not only negative (consistently with the 

OLS result) but achieves also statistical significance at a 99% level.  Actually, the major difference 

between the OLS and the IV results concerns the size of the coefficients, with the IV point estimates 

being almost systematically larger in absolute value. As this is a known implication of 

mismeasurement error (see e.g. Angrist and Pischke, 2008), a possible explanation of the differences 

between OLS and IV coefficients is that “attenuation bias” might actually affect the former. Apart 

from differences in the magnitude of estimated marginal effects, IV regressions are strongly 

consistent with the OLS ones in that the impact of urbanization upon the variables of interest changes 

significantly across economic sectors.  

 

 

7. Conclusions 

 

We have analysed the productivity-wage relation by using a novel and integrated database, which 

considers establishment information for sub-regional areas in the Italian Lombardy region. In 

particular, we have investigated whether an urban non-urban agglomeration divide does exist and 

estimated the impact of industry and firm-specific effects. 

 

More precisely, we find that Lombardy’s manufacturing activities show on average higher productive 

and tend to pay higher wages compared to non-financial services. They also show a higher wage-gap 

which is crucially driven by their higher productivity compared to services. 

 

Overall, agglomeration economies play a significant role in affecting productivity and wages 

differentials at the local level. However, this effect depends on the technological and knowledge-

based resources characterising the industrial mix within the urban and non-urban agglomerations. 

 

By applying a separate investigation between manufacturing and services, it is shown that  

establishments localised in the high-density areas have higher levels of productivity and wages 

compared to the regional average; however, this advantage is not equally shared between the 

manufacturing and services activities. The productivity premium is, on average, higher in services 

(+13.3 p.p.) compared to manufacturing (+5.7 p.p.). In contrast, the manufacturing establishments in 

the high-density areas pay higher compensation compared to service (+11.9 p.p. vis a vis  +8.6 p.p.). 

                                                           
16 1991 is the year of the most distant population census for which Istat (the National Institute of Statistics of Italy) 

provides data based upon administrative boundaries consistent with current ones (i.e. those underlying the DegUrba 

classification). 
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Accordingly, in the high densely populated areas, a positive productivity-wage gap prevails for the 

services’ plants, whereas a negative gap for the manufacturing establishments is observed. 

 

However, it is the industry mix which plays a role in causing these aggregate patterns. The industry 

composition index for both productivity and wages in the urban high-density areas is above the 

regional reference level, thus suggesting that, even when agglomeration economies exist, sectoral 

differences exert a significant effect when a more disaggregated level of analysis is taken into account. 

Firm-specific characteristics, as captured in this descriptive step by a firm productivity index, also 

play a role in affecting the higher performance of the densely populated areas, although to a lesser 

extent - at least in the services sector and on average. 

 

The micro econometric investigation complements the previous analysis and specifically considers 

the interactions between localisation and industry characteristics. 

We adopt an industry classification which enables us to identify manufacturing and services activities 

according to the level of technological and knowledge intensity to capture the potential interactions 

between geographical proximity and the transmission of knowledge spillovers better. Moreover, the 

introduction of firm-level variables allows us to control for the moderating role of firm-related effects, 

particularly those related to job-related characteristics, i.e. workers’ human capital.  

 

We find that the interaction between agglomeration economies and industry characteristics affects 

plants’ productivity positively. Indeed, localisation in a high-density area without any interaction with 

industry dummies does not exert a significant impact in manufacturing. However, when an interaction 

with dummy variables reflecting an industry’s technological level is considered, such an effect is 

operational. 

 

This impact in services is positive, although it is mainly driven by plants operating in the high 

technology and knowledge-intensive sectors. Also, the average increase in productivity due to the 

high-density dummy alone is not aligned with the increase in wages, thus reducing, ceteris paribus, 

the productivity wage gap.  

 

As concerns wages, localisation in the high-density areas shows a positive and significant effect on 

compensation in both the manufacturing and services (+4 % and + 6.2 % respectively). Nevertheless, 

sectoral characteristics may further widen this effect when associated with agglomeration economies. 

When located in the high-density areas, manufacturing plants in the high technology industries show 

an additional 7.1% increase in compensation. At the same time, those plants operating in high 

technology and the intensive knowledge services get a wage increase of 3.3 % and 2,7% respectively. 

This pattern does not apply to the medium-low technology manufacturing, or to the more traditional 

service's activities where the interacted coefficients indicate a mild or non-significant effect. 

 

The productivity-wage gap presents less clear-cut evidence. As concerns services, the positive wide 

gap favouring the high-density areas is confirmed. This effect is confined, however, to those plants 

in the high technology and knowledge intensive services, because of their higher productivity level, 

and it is not observed for the more traditional services. Conversely, for the manufacturing plants, the 

overall reduction of the gap in the high-density areas, in line with the results of the aggregate analysis, 

is only partially offset by sectoral specificities.  

 

This fact may be rationalised on the ground that manufacturing plants do not show a substantial gain 

in productivity due to agglomeration economies. The highest gain is obtained by those establishments 

in the high technology sectors, also controlling for the quality of firms' labour force. However, this 

gain is aligned with that of wages. 
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Al in all, our study provides a thorough explanation of the productivity and wage differentials that 

characterises a modern and economically advanced economy as is Lombardy. This explanation is 

relevant for policy aimed at stimulating local and regional growth, on the whole, emphasising, in 

particular, the role of industry and firms’ characteristics in affecting productivity.  

The gap between rural and high-density areas is, therefore, effective and hence policy aimed at closing 

this gap should be taken into consideration, if the economy-wide growth pattern is the more general 

goal.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5. OLS estimation: manufacturing and services establishments 

Variable Productivity Wages Gap 

size 10-19 0.241*** 0.185*** 0.0558*** 

 [0.00451] [0.00273] [0.00343] 

size 20-49 0.278*** 0.229*** 0.0496*** 
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 [0.00605] [0.00361] [0.00465] 

size 50-249 0.303*** 0.273*** 0.0299*** 

 [0.00795] [0.00464] [0.00629] 

size 250-499 0.320*** 0.292*** 0.0276 

 [0.0247] [0.0192] [0.0208] 

size 500 + -0.242*** 0.199*** -0.441*** 

 [0.0573] [0.0415] [0.0526] 

urban high density 0.00716 0.0447*** -0.0376*** 

 [0.00676] [0.00386] [0.00564] 

rural -0.0368*** -0.0430*** 0.00624 

 [0.00962] [0.00529] [0.00826] 

services -0.137*** -0.0756*** -0.0610*** 

 [0.00516] [0.00301] [0.00435] 

urban high density*services 0.0952*** 0.0307*** 0.0644*** 

 [0.00792] [0.00457] [0.00663] 

rural*services -0.00873 0.0267*** -0.0355*** 

 [0.0120] [0.00698] [0.0105] 

internationalization 0.474*** 0.301*** 0.174*** 

 [0.00385] [0.00227] [0.00322] 

aged 30-49 0.0011*** 0.000827*** 0.000276*** 

 [0.00590] [0.00343] [0.00525] 

high education 0.00748*** 0.0053*** 0.00218*** 

 [0.00860] [0.00536] [0.00721] 

males 0.00165*** 0.00293*** -0.00128*** 

 [0.00503] [0.00295] [0.00434] 

temporary -0.00282*** -0.00253*** -0.000285*** 

 [0.00807] [0.00461] [0.00738] 

employment rate 0.00995*** 0.00646*** 0.00349*** 

 [0.000588] [0.000341] [0.000510] 

Constant 9.584*** 9.236*** 0.348*** 

 [0.0309] [0.0179] [0.0269] 

Observations 254,689 254,689 254,689 

R-squared 0.151 0.237 0.023 

White test for heteroskedasticity    

Chi squared (121) 3508.80 12614.34 3304.77 

Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1 

White test, H0: homoscedasticity 

 

 

 

 

 

 

Table 6. OLS estimation: manufacturing establishments 

Variable Productivity Wages Gap 

size 10-19 0.222*** 0.155*** 0.0675*** 

 [0.00673] [0.00376] [0.00545] 

size 20-49 0.317*** 0.234*** 0.0830*** 

 [0.00854] [0.00454] [0.00704] 
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size 50-249 0.427*** 0.322*** 0.105*** 

 [0.0113] [0.00565] [0.00990] 

size 250-499 0.528*** 0.418*** 0.110*** 

 [0.0317] [0.0171] [0.0289] 

size 500 + -0.329** 0.360*** -0.690*** 

 [0.132] [0.0678] [0.128] 

urban high density -0.0139 0.0398*** -0.0536*** 

 [0.0125] [0.00694] [0.0104] 

rural -0.0331* -0.0377*** 0.00457 

 [0.0175] [0.00992] [0.0151] 

HT manuf. 0.185*** 0.0536*** 0.132*** 

 [0.0191] [0.0119] [0.0171] 

urban high density*HT manuf. 0.0757** 0.0713*** 0.00447 

 [0.0300] [0.0180] [0.0263] 

rural*HT manuf. -0.0386 0.0107 -0.0493 

 [0.0593] [0.0320] [0.0593] 

MHT manuf. 0.312*** 0.179*** 0.133*** 

 [0.00974] [0.00545] [0.00836] 

urban high density*MHT manuf. 0.0550*** 0.0188* 0.0362** 

 [0.0167] [0.00968] [0.0141] 

rural*MHT manuf. -0.02 -0.0269** 0.00698 

 [0.0244] [0.0135] [0.0217] 

MLT manuf. 0.278*** 0.149*** 0.129*** 

 [0.00913] [0.00504] [0.00789] 

urban high density*MLT manuf. 0.0356** -0.00728 0.0429*** 

 [0.0164] [0.00926] [0.0140] 

rural*MLT manuf. -0.0197 -0.0195 -0.000158 

 [0.0222] [0.0122] [0.0193] 

internationalization 0.354*** 0.202*** 0.152*** 

 [0.00640] [0.00363] [0.00545] 

aged 30-49 0.000255** 0.000181** 0.0000743 

 [0.0123] [0.00708] [0.0109] 

high education 0.00656*** 0.0051*** 0.00146*** 

 [0.0303] [0.0186] [0.0249] 

males 0.00306*** 0.00372*** -0.000655*** 

 [0.0111] [0.00639] [0.00987] 

temporary -0.000638*** -0.00137*** 0.000736*** 

 [0.0222] [0.0122] [0.0208] 

employment rate 0.00824*** 0.00458*** 0.00367*** 

 [0.000963] [0.000522] [0.000831] 

Constant 9.476*** 9.257*** 0.219*** 

 [0.0513] [0.0279] [0.0443] 

Observations 54,491 54,491 54,491 

R-squared 0.244 0.336 0.051 

White test for heteroskedasticity    

Chi squared (192) 709.84 3599.81 640.10 

Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. White test, H0: homoscedasticity 

 

Table 7. OLS estimation: services establishments 

Variable Productivity Wages Gap 

size 10-19 0.246*** 0.198*** 0.0480*** 

 [0.00588] [0.00361] [0.00442] 

size 20-49 0.246*** 0.229*** 0.0174*** 

 [0.00857] [0.00517] [0.00641] 
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size 50-249 0.192*** 0.241*** -0.0486*** 

 [0.0113] [0.00680] [0.00852] 

size 250-499 0.163*** 0.213*** -0.0506* 

 [0.0359] [0.0296] [0.0289] 

size 500 + -0.293*** 0.113** -0.405*** 

 [0.0661] [0.0531] [0.0514] 

urban high density 0.0275*** 0.0619*** -0.0343*** 

 [0.0106] [0.00609] [0.00949] 

rural 0.0165 -0.0267** 0.0432** 

 [0.0182] [0.0125] [0.0174] 

HITS services 0.321*** 0.409*** -0.0880*** 

 [0.0133] [0.00767] [0.0119] 

urban high density*HITS services 0.138*** 0.0332*** 0.105*** 

 [0.0177] [0.0102] [0.0156] 

rural*HITS services -0.199*** 0.00733 -0.207*** 

 [0.0282] [0.0171] [0.0257] 

KWNMS services 0.425*** 0.275*** 0.150*** 

 [0.0103] [0.00629] [0.00914] 

urban high density*KWNMS services 0.138*** 0.0268*** 0.111*** 

 [0.0139] [0.00823] [0.0122] 

rural*KWNMS services -0.102*** -0.0209 -0.0815*** 

 [0.0276] [0.0183] [0.0251] 

other services 0.147*** 0.195*** -0.0482*** 

 [0.00867] [0.00516] [0.00773] 

urban high density*other services 0.0139 -0.00814 0.0220** 

 [0.0119] [0.00684] [0.0105] 

rural*other services -0.0416** 0.013 -0.0546*** 

 [0.0203] [0.0137] [0.0192] 

internationalization 0.570*** 0.333*** 0.238*** 

 [0.00512] [0.00299] [0.00427] 

aged 30-49 0.000887*** 0.000752*** 0.000134** 

 [0.00643] [0.00375] [0.00583] 

high education 0.00635*** 0.00464*** 0.00172*** 

 [0.00905] [0.00560] [0.00772] 

males 0.000962*** 0.00219*** -0.00123*** 

 [0.00579] [0.00343] [0.00503] 

temporary -0.00267*** -0.00249*** -0.000188** 

 [0.00860] [0.00496] [0.00790] 

employment rate 0.0107*** 0.00714*** 0.00358*** 

 [0.000703] [0.000409] [0.000615] 

Constant 9.264*** 8.973*** 0.291*** 

 [0.0368] [0.0214] [0.0323] 

Observations 200,198 200,198 200,198 

R-squared 0.157 0.232 0.039 

White test for heteroskedasticity    

Chi squared (189) 2269.15 7997.69 2452.41 

Robust standard errors in brackets. *** p<0.01, ** p<0.05, * p<0.1. White test, H0: homoscedasticity 

 

Table 8. Urbanization and the Productivity-Wage Gap: Sectoral OLS regressions 
                      

           

           

  Urbanization dummy =  1 for high- or intermediate density areas, 0 for rural areas 
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   Manufacturing  Services 

           

Sectors  HT  MHT MLT LOT  HITS KWNMS 
Other 

Services 

Household 

Services 

           

           

Urbaniz.  0.002 -0.019 -0.006 -0.024  0.104*** 0.111*** -0.005 -0.066*** 

  (.057) (.015) (.012) (.015)  (.019) (.018) (.008) (.017) 

           

Adj. R2  0.052 0.030 0.028 0.046  0.008 0.015 0.043 0.007 

           

N. obs.  2478 14562 17873 19578  12236 44604 113133 30225 

                      

           

           

           

  Urbanization dummy =  1 for high-density areas, 0 otherwise 

           

   Manufacturing  Services 

           

Sectors  HT  MHT MLT LOT  HITS KWNMS 
Other 

Services 

Household 

Services 

           

           

Urbaniz.  -0.0452* -0.024** -0.011 -0.046***  0.042*** 0.103*** -0.022*** -0.047*** 

  (.024) (.009) (.009) (.010)  (.013) (.008) (.004) (.009) 

           

Adj. R2  0.053 0.030 0.028 0.047  0.007 0.018 0.043 0.008 

           

N. obs.  2478 14562 17873 19578  12236 44604 113133 30225 

                      

                      

           

Note: The set of regressors includes also a costant term as well as the same firm specific variables and area-level characteristics of Tables 5-7. 

Heteroskedasticity-robust standard errors are reported below coefficients. Significance levels: * : p-val. < .1; ** : p-val. < .05; *** : p-val. < .01.  
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Table 9. Urbanization and the Productivity-Wage Gap: Sectoral IV regressions 
                      

           

           

  Urbanization dummy =  1 for high- or intermediate density areas, 0 for rural areas 

           

   Manufacturing  Services 

           

Sectors  HT  MHT MLT LOT  HITS KWNMS 
Other 

Services 

Household 

Services 

           

           

Urbaniz.  -0.004 -0.013 0.002 -0.038**  0.155*** 0.177*** -0.010 -0.071*** 

  (.077) (.019) (.016) (.018)  (.023) (.023) (.010) (.023) 

           

F-stat.  779.6 7893.2 15919.7 16482.6  6665.1 8355.1 68927.1 10767.1 

  [.000] [.000] [.000] [.000]  [.000] [.000] [.000] [.000] 

           

N. obs.  2478 14562 17873 19578  12236 44604 113133 30225 

                      

           

           

           

  Urbanization dummy =  1 for high-density areas, 0 otherwise 

           

   Manufacturing  Services 

           

Sectors  HT  MHT MLT LOT  HITS KWNMS 
Other 

Services 

Household 

Services 

           

           

Urbaniz.  -0.074** -0.035** -0.029**  -0.085***  0.102*** 0.156***  -0.033*** -0.093*** 

  (.037) (.014) (.015) (.015)  (.017) (.010) (.006) (.013) 

           

F-stat.  3555.6 19131.4 17296.9 36185.0  25190.4 103818.1 296902.7 81348.8 

  [.000] [.000] [.000] [.000]  [.000] [.000] [.000] [.000] 

           

N. obs.  2478 14562 17873 19578  12236 44604 113133 30225 

                      

                      

           
Note: Urbanization instrumented  by the predicted  value of a logistic regression of the dummy itself on 1991 population density and altitude. 

F-stat.: heteroskedasticity-robust first stage F-statistic testing for weak identification (p-val. in brackets below test values). 
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