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Abstract 

 

This study investigates the causal effect of foreign workers on firm productivity in the 

local labor markets in the UK between 2012-2018. We collect financial data on 30,145 

UK based firms from the Orbis database. Similarly, we obtain population data from 

Eurostat on employed foreign citizens in the UK. The local labour markets are defined 

by the NUTS2 regional classification, and is the common denominator for both our 

datasets. Additionally, this study attempted to capture this relationship in the context 

of Brexit. 

Our model identifies the effect of an increase or a decrease in the number of foreign 

workers on firm productivity through the calculation of an expected share of foreign 

workers. Under LATE assumptions, this effect does not show any statistical 

significance. However, when disaggregating by citizenship, the effect of EU workers 

on firm productivity becomes significant and positive, contrarily to the effect of non-

EU workers which is significant too, but negative. Similarly, when considering 

specific industries the results are heterogeneous i.e. for professional, scientific and 

technical industry there is a significant impact of foreign workers on productivity, 

while for wholesale and retail only the non-EU share of workers show significant 

impact.  
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1. Introduction 

Migration has been a driver of economic development since the ancient times. However, along with 

the emergence of the globalized world migration flows did not bring about the exchange of goods 

only as in the old times, but also the relocation of other intangible resources such as human capital 

and mainly, the availability of labor force. One example is the sudden increase in immigration to 

different European countries after repeated expansions of the European Union (EU). Whether this is 

considered to have a positive or negative influence on national economies, migration has always had 

an economic impact on countries. Therefore, it is an extensively explored topic in social and economic 

studies. The same applies for the UK, which has a long history of immigration, and has seen an 

increasingly high immigration in the recent decades. The last couple of years is no exception, with 

the highest number of immigrants in recent years reported in 2017, however, in 2018 the UK 

experienced a slight decrease of inflow. Much has unfolded politically in the UK in recent years. The 

UK voted to leave the EU at the 2016 EU referendum and the continuous process of Brexit has created 

a persistent uncertainty in the country, even 3 years after the referendum. Brexit is expected to have 

considerable effects on the UK economy and its labour market, thus understanding the relationship 

between the foreign labour force and the firms is important. 

Due to the persistent uncertainty triggered by the Brexit process, both short and long term effects in 

the economy are expected to become visible. The short term economic effects included the 

perturbation of the stock market especially when the value of pound sterling dropping to an evident 

low. A more extensive but still short-term effect was the rise in import costs for some industries. The 

implication of these are not fully explored yet. However, short-term effects are still better understood 

compared to the long-term effects of Brexit such as the impact on immigration, the level of social 

trust in the UK, the economic and political relations of the UK with other EU countries, the effect on 

the business etc. 

This paper is interested in the economic implication for firms. Therefore, the scope of this research 

is centred around the immediate years before and after the EU referendum, from 2012-2018 and will 

investigate the relationship between the share of foreign workers and firm productivity in the local 

labour market of the UK determined by the NUTS2 regions. The motivation to investigate the 

productivity of firms in relation to the stock of immigrant workers is driven by the possibility of a 

decrease in the number of foreign workers as a result of Brexit. This could be due to more restrictive 

immigration policies. Furthermore, in this study the interest in local labor markets is given by the 

assumption that the effects of immigrant workers on firm productivity might differ between the 

national and local levels. 
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This study represents a firm-level analysis where the identification strategy is based on the 

instrumental variable approach to estimate the causal relationship of the variables of interest. For that, 

an instrumental variable, which is the expected share of foreign workers, will be calculated using the 

shift-share approach. Similarly, our explanatory variable, the share of foreign workers, will be 

calculated from the total number of workers in the national labor market, while the dependent 

variable, the total factor productivity, will be estimated by using Ackerberg, Caves, and Frazer (2006) 

methodology. Our model specification includes a comprehensive set of fixed effects including firm 

fixed effects (𝑖), year fixed effects (𝑡), region fixed effects (
𝑛

) and industry fixed effects (𝜌𝑑). 

Additionally, in order to perform the analysis, standard errors are clustered at the NUTS2 level. 

This paper will be structured as follows. Section 2 provides a detailed background for this research 

based on the UK National Statistics. Section 3 offers a literature review of  relevant academic research 

for this study. Section 4 presents theory. Section 5 will cover the data collection process of firm level 

and population data as well as descriptive statistics. Section 6 will discuss methodology. Section 7 

will present the results while in section 8 a set of robustness tests will be outlined. Finally, section 9, 

10 and 11 will cover discussion, limitations and further research.    

2. Background for this research 

According to the latest UK labor market overview from April 2020 released by the UK Office for 

National Statistics (2020), the employment rate for people aged between 15 and 64 years has been 

steadily increasing since 2012. Moreover, from December 2019 to February 2020 the employment 

rate in the UK reached a record high level of 76,6%. Similarly, unemployment rates in the UK for 

people aged between 15 and 64 years have generally been falling since 2013 but have remained stable 

for the recent period (Ibid). Therefore, over the past eight years the official data suggests clear patterns 

for the UK labor market, namely an increase in employment and decrease in unemployment. 

 

At the same time the UK Migration Observatory reports a 12-14% share of foreign-born migrants 

among the UK population or a 7-9% share of non-UK nationals (Figure 1; Vargas-Silva and Rienzo, 

2019). Relative to the size of the resident population, the stock of immigrants is not the highest among 

EU28 and EFTA countries. However, in 2017 for instance the total number of immigrants who 

entered the UK registered more than half a million people, which was only surpassed by Germany 

among European countries (Eurostat, 2020). The increasing immigration from 2004-2018 in the UK 

can be seen in the following table.  
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Figure 1: Migrants as a share of the UK population between 2004-2018. 

Source: Migration Observatory 

 

There are different reasons for immigration. EU citizens immigrate to the UK predominantly for work 

whereas non-EU citizens for family reasons. These represent the two main reasons in the UK such as 

in 2018, 45% of EU immigrants moved for work and 35% for family reasons, whereas 20% of non-

EU migrants moved for work and respectively 49% for family reasons (Office for National Statistics, 

2020). 

The long-term work migration by citizenship has fluctuated over time. Before 2006 the UK had more 

non-EU work migrants than those coming from European countries. After 2006 the difference 

between these categories became greater as the flow of EU citizens dramatically increased while the 

flow of non-EU citizens on the contrary decreased (see Figure 2). Throughout this period the only 

exception was during the recession time between 2008-2009 when migration to the UK decreased in 

general (Vargas-Silva and Rienzo, 2019).  

The increase in the number of EU migrants in the UK labor market can be explained by the 

incorporation of new member states in the EU in 2004, 2007 and 2013. Starting from 2012 till 2015 

the number of EU work migrants drastically increased. In 2015 the UK had an absolute record number 

of EU workers since 1991 and almost twice as many as in 2012. This rapid increase between 2012 
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and 2015 was followed by a decrease becoming even more prominent after the EU-referendum from 

2016. In 2018 the number of EU workers was approximately the same as in 2012.  

As for non-EU, the steady decrease in the number of workers between 2006 till 2012 was followed 

by fluctuations in the following years. An interesting fact to mention is that while the number of EU 

workers was steadily decreasing between 2016 and 2017 whereas the number of non-EU workers 

sharply increased during this time followed by another decrease starting from 2017 (Ibid). 

 

Figure 2: Long-term work migration by citizenship. The figure only includes people who say that they intend to move to 

the UK for at least 12 months. 

Source: Migration Observatory 

 

In June 2016, the UK voted in a referendum whether to remain or leave the European Union, or 

similarly voted for or against Brexit (GOV.UK, 2020). The results of the election were largely 

contested as it was hardly a strong majority with 51, 9% for leaving the EU against 48,1% for 

remaining in the EU (The Electoral Commission, 2020). A few regions such as Scotland, London and 

Northern Ireland voted to remain in the EU, while most regions in the UK ended with a majority of 

leave-votes. After the referendum, the UK entered a three-year period of uncertainty and opacity 

while the process of Brexit dragged out (Dhingra, S. & Sampson, T., 2019; Associated Press, 2020; 

Coppola, F., 2019). On January 31, 2020 the UK officially left the EU and are currently in a transition 

period. By December 31, 2020 the UK is effectively no longer a member of the EU and the UK’s 

new relationship with the EU will have been determined (Edgington, T., 2020).  
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At this point in time Brexit is not finalised and the consequences of Brexit will likely not be fully 

comprehended until much later. However, the referendum presented an uncertainty shock and short 

term consequences were clearly visible. The immediate economic consequences were, amongst other 

things, the value of pound sterling dropping to an evident low, a rise in import costs in some industries 

and a low interest rate weakening the pound (Martin, F., 2016; Allen, K., Treanor, J. and Goodley, 

S., 2016; BBC News, 2016; Bowler, T., 2017). Additionally, a critical immediate consequence of the 

EU referendum was the increasing uncertainty for businesses concerning trade, investment and 

export. This uncertainty permeated both the native and the foreign labour force (Gehringer, A., 2019; 

Bloom, 2019). 

The official UK statistics presented above shows some clear trends at the national level such as a 

steady increase in the overall foreign labor force as well as a sharp increase and then decrease in the 

number of both EU and non-EU workers between 2012-2018. Based on what we see at the national 

level, this research intends to examine the trends at the local level in the UK. 

3. Literature review 

This section incorporates three main bodies of literature, namely literature on the economics of 

productivity, literature on immigration and the emerging literature on Brexit. This section will be 

devoted to exploring previous research in the fields of immigration and Brexit in relation to 

productivity. Indeed, the literature on immigration has been proliferating over the past decades and 

has been developing along two directions. One focuses on the cost of immigration for the host country 

and the other focuses on the benefits of it (Jordaan, 2017). Studies that belong to the first group argue 

for the substitutability of immigrants and natives in the national labour market and find a negative 

correlation between an increase in the wage of specific skill groups and the size of immigrant supply 

in those groups (Borjas, 2003; Borjas and Katz, 2007; Borjas, 2015). Others show an imperfect 

substitutability between immigrant and native workers and find a positive wage effect from migrants 

(Ottaviano and Peri, 2012). Similar studies look at the relationship between migrant workforce supply 

and natives’ labor choice and find that less educated foreign workers choose more manual-intensive 

tasks. This contributes to the relocation of native workers towards more skill-specific tasks, thereby 

leading to a positive wage effect because the two groups tend to specialise in different production 

tasks (Peri and Sparber, 2009; Foged and Peri, 2016). Concerning the second line of study, findings 

show that migrant workers create a positive effect on the native labor market through increased 

innovation and entrepreneurship. Specifically, Hunt (2011) finds that immigrants who entered the US 

with temporary or student visas register more patents, publications, presentations and have more book 

authorings than similar natives and based on their education, these immigrants show better developed 
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entrepreneurial skills. These findings are enforced by Kerr and Lincoln (2010) at the local level. 

Additionally, Mitaritonna et al. (2017) find for the French manufacturing firms that an increase in the 

immigrant share of workers is positively correlated with productivity, investment and export growth. 

Furthermore, they find that a local increase in the immigrant supply has the largest productivity, 

capital and export growth effect on the firms with initial low productivity and small size. In contrast 

to this, Parrotta et al. (2014) find for Denmark that workforce diversity is negatively associated with 

firm productivity. Specifically, they measure diversity through cultural background, education and 

demographics and their findings show that labor diversity in ethnicity has a negative effect on firm 

productivity. For EU countries, Kangasniemi et al. (2012) report a negative correlation between 

migrant labor and firm productivity for Spain, while for the UK this relationship is positive, but not 

statistically significant. In another study on EU countries, Huber et al. (2010) argue that studying the 

relationship between migrants and productivity is “sensitive to estimation specification” (Jordaan, 

2017, p. 4). For the US, Peri (2012) reports a positive association between immigrants and 

productivity, whereas Quispe-Agnoly and Zavodny (2002) argue for a slower increase in labor 

productivity where the share of immigrants is larger. 

 

In what concerns the distinction between high and low-skilled immigrant workers, research on this 

topic in general reaches a consensus that high skilled foreign workers have a positive effect on firm 

productivity (Nathan, 2014; Markusen and Trofimenko, 2009). For instance, Malchow-Møller et al. 

(2011) use a matched employer-employee data from Denmark and  employ a difference-in-difference 

approach to show that hiring foreign experts makes firms become more productive and increase their 

export activities. In opposition to this, Paserman (2013) finds evidence from Israeli manufacturing 

firms that high skilled immigrant workers decrease productivity. There are fewer studies that examine 

both high and low skilled workers’ effect on productivity. Quispe-Agnoly and Zavodny (2002) 

construct a theoretical model that does not focus on studying whether immigrants are substitutes for 

other immigrants or whether immigrants are substitutes for natives as in previous research. Instead, 

their research focuses “on the effect of immigrant inflows on output mix, asking whether having 

greater inflow of unskilled immigrants increases production in the unskilled sector relative to the 

skilled sector” (p. 4). Their findings attribute a slower growth in productivity to the states with a 

higher number of low-skilled foreign workers. However, when investigating this relationship for an 

emerging economy, (Jordaan, 2017) finds for Malaysia that both high and low skilled foreign workers 

have a positive effect on productivity.  
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Finally, when distinguishing between industries, studies find the effect of foreign workers on 

productivity to be heterogeneous. Parrotta et a. (2014) consider five different industries, that is 

Manufacturing, Construction, Wholesale and Retail Trade, Transport and Financial and Business 

Services in Denmark. Their results indicate that the negative effect of an ethnically diverse labour 

force on firm productivity is counteracted by positive effects on productivity in the industries with 

high investment in R&D  (Parotta, 2014; Jordaan, 2017).  

   

Further we take a closer look at two distinct studies focused on the UK of a particular interest for our 

research. Firstly, Kangasniemi et al. (2012) perform a quantitative comparative study of the effect of 

direct economic consequences of foreign workers on the host country at the sectoral level where they 

use a production function and a growth accounting methodological approach. In their analysis on the 

UK and Spain, they find for the UK, that at the sectoral level the largest contribution of the migrant 

labor is in hotels and restaurants, followed by transport and communication. Contrarily to this, 

migrant labor has the lowest contribution to growth in construction and agriculture. These industries, 

however, experience low growth in general. Additionally, these authors state that “even in the 

industries where the migrant contribution is high, it represents around one fifth of total growth (hotels 

and restaurants) and around 10 percent (transport and communication)” (p. 16). Kangasniemi et al. 

(2012) argue that in the UK immigrant labor contribution is mainly driven by the quantity effect 

rather than the quality effect. 

 

Secondly, we report findings of the Department for Business Innovation and Skills (BIS) (2015) paper 

that is a qualitative study focused on the contribution of migrant workers on the performance of 

individual firms. Specifically, this paper argues that generally when asked about a migrant impact on 

profit and loss, businesses lacked the data to clearly distinguish between migrants and natives. Still, 

they state that the immigrant workforce is indirectly associated with productivity through knowledge 

spillover, specific skills held by immigrants, impact on innovation, training and migrants’ network. 

The positive association between diverse workforce and innovation is also confirmed in Parrotta et 

al. (2013). However, at the same time BIS (2015) argues that the extent of migrants’ contribution to 

the firm is sensitive to the management approach, organizational culture and investment in training. 

For instance, this paper states that “the extent to which businesses made use of their migrant 

employees’ connections depended closely on the business’s growth potential and intent” (Ibid., p. 

47). This is in line with Kangasniemi et al. (2012) who argue that the effect of migrant workers on 

productivity may be partly dependent on the “host nations’ ability to ‘absorb’ foreign labor” (Ibid., 

p. 1). 
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As for the effect of Brexit on firm productivity, available literature is very limited as Brexit is not 

finalized yet. Bloom et al. (2019) argue that “Brexit is unusual in that it generated persistent 

uncertainty” (p. 2). In their paper they analyze the Brexit process in relation to uncertainty, 

investment and productivity. As for the last one, Bloom et al. (2019) find that Brexit uncertainty had 

not caused a substantial drop in employment. However, they report a significant negative effect on 

firm-level TFP. 

 

To sum up, there is less agreement on the effect of immigration on productivity. However, when it 

comes to the immigrant labor force, studies reach a consensus that high skilled foreign workers 

generally have a positive effect on firm productivity, whereas low-skilled foreign workers generally 

have a negative effect on productivity. In what concerns the impact of Brexit on firm productivity, 

the studies currently available find that uncertainty caused by Brexit has a negative effect on 

productivity.  

 

Most of the academic research on immigration and productivity focus on the aggregate impact of 

immigrants on labor markets, economic or financial output  (BIS, 2015). Studies on how immigrants 

affect individual firm performance are less common. Those which do investigate the relationship 

between immigrant workers and firm productivity do not consider the period of analysis after 2015 

(BIS, 2015). Furthermore, academic articles which investigate productivity and Brexit generally look 

at national productivity measured as Gross Domestic Product (GDP) and very few conduct firm level 

research with a focus on studying firm productivity. Finally, to our knowledge there are few 

quantitative articles that investigate the relationship between firm productivity and migrant workers 

in the local labor markets. BIS (2015) conducted a similar research with the focus of exploring “(...) 

what impacts migrants have on UK businesses at the firm level and how these impacts come about.” 

(Ibid., p. 9). However, these authors take a qualitative approach in their study focusing on the NUTS2 

regions in the UK.  

 

Having identified a gap in the available literature concerning immgration, productivity and Brexit in 

the UK, this study will focus on measuring the causal effect of the share of foreign workers on firm 

productivity in the local labor markets in the UK between 2012 and 2018. The contribution of this 

paper to the research field is threefold. Firstly, we conduct our analysis at the local level. Therefore, 

we aim at identifying regional tendencies that are possibly different from those at the national level. 

Secondly, we conduct a firm-level analysis. We are interested in capturing the relationship between 
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immigrant workers and productivity for every firm in our sample. Therefore, instead of focusing on 

the national level, we consider the differences between firms and between industries. Finally, the time 

frame of this analysis is as recent as our data collection allowed, and thus takes into account the recent 

events of the UK that likely impacted both the inflow of immigrant workers and firms’ productivity. 

4. Theory 

In this section, theories about immigration and labour will be presented. Particularly, how foreign 

labour and labour diversity can contribute to productivity in the UK firms. Firstly, perspectives on 

immigration and foreign labour will be examined, including the incentives for people to seek 

employment in foreign countries. Secondly, foreign labour and labour diversity will be examined by 

considering firm’s incentives for employing foreign labour. Lastly, we will explore how a shift such 

as what followed the EU referendum and the ensuing uncertainty affects firms.  

 

4.1 Immigration and Labour Market Mobility 

With the growing globalisation, immigration has highly increased. Easier transportation and mobility 

has made it possible for people to migrate to a much higher degree. Immigration is something we see 

globally, the UK being no exception. As highlighted in the background for this research the UK has 

experienced large quantities of immigration especially in the last decade. (Figure 1; Vargas-Silva and 

Rienzo, 2019). Immigration can have different causes. In some instances, immigrants have little 

choice e.g. refugees. However, the choice of immigrating might not be contingent on such severe 

conditions as persecution or war. The reasons for immigration are sometimes due to family, study or 

work opportunities. This is described as push or pull factors as the root cause of immigration. 

Immigrating to seek job opportunities, or reunite with family are considered to be pull factors (Justice 

for Immigrants, 2017). Regardless of the reason, immigrating to a new country can be difficult. Immigrants 

can experience challenges with assimilating to a new country, such as language or cultural barriers 

as well as limited social network. Furthermore, integration issues in the labour market, e.g. 

regulations and policies or the acknowledgement of educational background, can make it difficult for 

immigrants to secure well economic and occupational attainment (Kerr and Kerr, 2011; Maskileyson 

and Semyonov, 2017). Due to these assimilation difficulties immigrants are expected to “be 

disadvantaged in attainment of economic outcomes as compared to the native-born (...) population.” 

(Maskileyson and Semyonov, 2017, p. 21). However, it is recognised that some of these challenges 

decline over time, e.g. when the language improves and social networks are extended (Kerr and Kerr, 

2011). Settling in another country can provide safety and stability, and furthermore, provide better 

job opportunities or higher wages (Justice for Immigration, 2017). The employment rates of non-UK 
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nationals is relatively high, which is a positive incentive, as it indicates that job opportunities for 

foreigners are available (Office for National Statistics, 2019).  

 

It has long been debated whether immigration benefits or strains the host countries. As stated by 

Jordaan (2017) previous notions have been ruled by perceptions about the costs and economic 

disadvantages of immigration for societies (Jordaan, 2017; Kerr and Kerr 2011). As stated by Kerr 

and Kerr (2011) immigration inflow causes changes in labour supply and can reduce average wages, 

as immigrants are expected to have lower education and lower skills. Additionally, one of the 

concerns of immigration is the strain on welfare. The assertion is that immigrants might be more 

dependent on social and welfare services when employment and economic security is not easily 

attained (Kerr and Kerr, 2011) or even seek to settle in countries where social welfare is high.  

Another consideration of immigration is the assumption that ethnic minorities tend to cluster to some 

degree, or form enclaves. This is defined as a “concentration of individuals from the same ethnic 

background within a specific geographical location” (Battu and Mwale, 2014, p. 5). Enclaves are 

also present in the UK. A study by Clark and Drinkwater (2002) found that “[in] England and  Wales 

too, ethnic minority groups exhibit patterns of settlement which are consistent with geographic 

clustering in urban enclaves” (Ibid., p. 6). Enclaves can provide a support system for the minorities 

in them, however, it can also have negative effects for its members. Clark and Drinkwater (2002) 

found a positive relationship between the concentration of ethnic minorities and unemployment and 

a lower chance of self-employment in all ethnic groups of study. The low probability of self-

employment contradicts one enclave hypothesis, that ethnic entrepreneurship is higher due to lower 

discrimination within enclaves (Ibid., 2002). This study has later been contested to some extent. 

While it is considered by Clark and Drinkwater themselves that non-random sorting is not accounted 

for, particularly, Battu and Mwale (2014) points out that endogeneity of residential location is not 

controlled for. They assert that residential location “is likely to be driven by unobserved factors that 

are likely to have a bearing on labour market outcomes.” (Battu and Mwale, 2014, p. 4). When 

controlling for this residential location endogeneity they find that enclaves can be positive or 

negative, and that the economic prospects depend on the quality of the enclave. Specifically, they 

present that while some enclaves show higher unemployment, others have greater employment 

prospects and self-employment. This in turn might be beneficial for the whole enclave community, 

as it might create employment within the enclave as well (Battu and Mwale, 2014). Good quality 

enclaves then can provide both a support network and contribute to the development of employment 

and economic attainability of its members. 
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Whether immigrants or foreign workers are a part of enclaves or not, many studies have found 

potentially considerable benefits to firms as well as society of attaining foreign labour. Marelli (2006) 

states a well-known concern from nationals, that immigrants steal the jobs of the local population, 

however, in many cases this is not a real threat. Marelli (2006) reiterates that “(...) in the real world 

immigrants are the only available workers for certain jobs.” (Marelli, 2006, p. 25), and furthermore, 

they are not substituting the local or national workforce. Particularly when labour demand is high, 

seeking foreign labour to fulfill the jobs can help resolve this to some extent, as argued by Marelli 

(2006); “[a] first way to reach equilibrium is to import workers, i.e. to resort to immigration, 

particularly relevant in the industrial sector.” (Marelli, 2006, p. 17), thus this can also be an incentive, 

nationally and on the firm-level, to recruit foreign workers. It is also argued that diversity can 

contribute in terms of knowledge, specialisation and skills that increase performance. Jordaan (2017, 

p. 2) states that employing foreign workers can be beneficial both for the host country but also for the 

home country as it can be “(...) an important driver of growing levels of interconnectedness and 

interdependence in the world economy.” Finally, it is acknowledged that the negative effects of 

immigrant labour are potentially outweighed by the positive effects to the firm as well as society 

(Jordaan, 2017).  

 

4.2 Uncertainty in the context of the EU Referendum and Brexit 

Immigration has always been a point of discussion for many countries, although mostly the debate 

revolved around it concerns the high levels of immigration and how to manage and accommodate 

this influx of people. However, the UK faces a different issue with the finalisation of Brexit. One 

question that has concerned the population in recent years is how Brexit will affect the labour market, 

specifically in regards to a potential halt or even decrease in the influx of employable foreigners. This 

issue is just one part of the uncertainty that has evolved since the EU referendum and that 

characterises the process of Brexit. The many concerns regarding the outcome and the complicated 

process of this has even been established in the public discourse as Brexit uncertainty, indicating that 

the uncertainty itself is having real effects on the UK economy.  

 

While the EU referendum can be perceived as an uncertainty shock, Brexit overall poses a unique 

situation as the uncertainty still persists even three-four years after the vote. Bloom (2009) argues 

that uncertainty can be measured by stock market volatility and that it is “strongly linked to other 

measures of productivity and demand uncertainty.” (Bloom 2009, p. 627). Stock market volatility is 

a quantifiable way of assessing uncertainty as it can be used as a proxy for this. It is explained that 

uncertainty commonly arises from political and economic shocks, where both firms and policy 
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makers respond to it. Consequently, this uncertainty drives changes in both hiring and investment 

behaviour (Bloom et al., 2009). A study about uncertainty shocks was later conducted by Bloom et 

al. (2019) specifically focusing on Brexit. This study is a qualitative inquiry about the vote and Brexit, 

based on the DMP survey (the Decision Maker Panel survey) of UK firms, particularly CEOs and 

CFOs of these firms. It includes subjective responses, from firms representing both the leave- and the 

remain-vote, about expectations of investment, sales and employment as well as specific questions 

about Brexit. One of the key inquiries put forth in this survey is “How much has the result of the EU 

referendum affected the level of uncertainty affecting your business” (Bloom et al., 2019, p. 8). The 

study found that Brexit had negative within-firm effects, specifically that firms spent a lot of time 

and effort on planning. In addition, the firms indicated Brexit as one of the key drivers of uncertainty.  

 

In addition to the findings that Brexit uncertainty negatively affected firms in the UK, the study also 

defines Brexit as a distinctive situation due to the persistence of the uncertainty. Bloom (2009) argues 

that uncertainty shocks cause hesitation in investments and hiring, being that  “when uncertainty is 

higher (...) firms become more cautious in responding to business conditions.” (Bloom, 2009, p . 

625). 

However, this hesitation is usually a temporary reaction to the unpredictable future. As Bloom (2009) 

states, firms will experience initial reactions to uncertainty shocks, though “once uncertainty has 

subsided, activity quickly bounces back as firms address their pent-up demand for labor and capital” 

(Ibid., p. 625). Thus, Brexit uncertainty, in contrast, has shown little decline throughout the years. 

Firstly, Bloom et al. (2019) found that Brexit uncertainty was notably high after the EU referendum, 

where confusion and concern for the future was evident across the UK, as he explains: “the UK’s 

decision to leave the EU has generated a large, broad and long-lasting increase in uncertainty” 

(Ibid., p. 20). 

When re-examining the issue two years later, the study found Brexit uncertainty had increased 

following the failed negotiations in 2018 and the prospect of a no-deal Brexit, which would evidently 

put many firms in an even more difficult position once Brexit was to be finalised. This heightened 

uncertainty remained until the supposed leave-date in 2019. With the lack of an agreement between 

the UK and the EU and the postponements of the official leave-date, high levels of uncertainty 

remained (Bloom et al., 2019) The persistence of Brexit uncertainty sets it apart from other defined 

uncertainty shocks which “capture immediate responses to shocks that quickly die away” (Ibid., p. 

20). 
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At the time of this study, three years after the EU referendum vote to leave the EU, Bloom et al. 

(2019) still determined Brexit uncertainty to be predominantly high, as of 2019 “the UK had not left 

the EU, there was still no clarity on the eventual outcome and our survey results show that there was 

substantial unresolved uncertainty. (Bloom, 2019, p. 2). They argue, as mentioned earlier, Brexit 

poses a unique situation compared to other shocks as it was an “unexpected, large and persistent 

uncertainty shock” (Bloom, 2019, p. 2). The EU referendum itself created an uncertainty shock but 

the process of leaving the EU maintained high levels of uncertainty that persisted for 3 years. 

 

While Brexit uncertainty permeates the whole of the UK, the consequences are expected to be 

especially evident for those firms and organisations who depend on the collaboration and links with 

the EU (Bloom, 2019). In the same way, effects will include consequences for different industries 

and regions. In his study, Marelli (2006, p. 17) argues for the importance of distinguishing between 

industries as well as regions, as he states: “the consideration of both national and regional (or local) 

labour markets is (...) crucial, because of the deep differences within countries.” (Marelli, 2006, p. 

17). Similarly, the effects of Brexit on the economy and on the labour market are expected to differ 

across regions and industries. Thus, this research will take into account the recent years of Brexit as 

well as the local labour markets when examining the relationship between foreign labour and 

productivity in the UK. 

 

5. Data 

The data needed for this research is two-fold. The main criteria for both is the NUTS categories, 

which allows us to look at total factor productivity (TFP) and at the share of foreign workers on a 

regional level in the UK. To calculate total factor productivity of companies in the UK, we need firm-

level data of financial information as well as the number of employees to estimate a production 

function. To calculate the share of foreign workers, we need population data on foreign individuals 

and employment in the UK. Two different sources were used to estimate the production function and 

the share of foreign workers. The firm-level data needed to calculate TFP was obtained through the 

Orbis interface (Orbis) from Bureau Van Dijk whereas data on population and employment in the 

UK used to calculate the share of foreign workers was obtained from Eurostat. The data collected 

from these sources contained information for the sample period between 2012-2018. Besides 

collecting data on the sample period, the same population data was collected for a pre-sample year, 

namely 2006. This is a prerequisite of the IV approach used in the analysis. Specifically, the pre-
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sample year is six years before the time-period of the analysis necessary to construct the instrumental 

variable, which is the predicted share of foreign workers. 

 

5.1 Firm-level data 

The Orbis database compiled by Bureau Van Dijk contains comprehensive firm-level data on 

companies around the world, and has the financial data on the UK firms needed to investigate the 

productivity of these firms. The obtained data from Orbis is a panel data, or a longitudinal data, of 

the same firms over the time period of 2012-2018. The data include financial information and number 

of employees for the sampled years, as well as number of subsidiaries, number of shareholders and 

most importantly the regional location of the firms. To estimate the production function, the following 

financial information was collected from Orbis; fixed assets, number of employees, operational 

revenue and cost of goods sold. 

 

At the point of data collection the active companies in the UK included almost 6,914,535 firms and 

from this we collected a random sample of UK-based companies with available accounts for the 

sample years, which means that every possible firm from the population was equally likely to be 

selected in the sample. Specific criteria were then applied to the population of firms to ensure that the 

gathered company data included the financial and employee information needed to calculate TFP. 

The sample made up 66,846 companies based on the additional search criteria 1) available financial 

accounts for the selected period of 2012-2018, and 2) a known value of number of employees. By not 

excluding companies based on size, types of companies or industries, the sample was  representative 

for the UK-based companies in this time period. Finally, after collecting the sample from Orbis, data 

cleansing was done. Specifically, we removed all missing values from the variables used in the 

estimation of production functions. Additionally, firms with one employee were removed to avoid 

self-employment. Lastly, we removed all negative values for fixed assets and cost of goods sold. The 

final sample contained 30,145 UK-based firms. 

 

While the Orbis database provides comprehensive information on firms, not only financial 

information, but information on ownership, shareholders, managers etc., there are some limitations 

to the database. Specifically related to the variables used in this research information pertaining to 

the labour variable is limited to the number of employees. Unfortunately, Orbis does not contain more 

detailed employee information, such as the number of hours worked. This is the information that 

could have been valuable for this research.  
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The availability of financial information affects the coverage in Orbis. Where information is not 

reported or for other reasons are lacking, imputations can be utilised in Orbis. The UK has relatively 

good availability of financial information, however, to improve coverage of firms within the UK, 

internal imputations, that is using other firm-level information from Orbis, are applied to some 

variables. Additionally, the underrepresentation of younger and smaller firms in Orbis is improved 

by presenting sampling weights, to get a valid representation of firm and industry proportion (Gal, 

P., 2013).  

 

5.2 Population data 

The other dataset used for this research is a population dataset from Eurostat. It includes people in 

the working age population, which is 15-64 years old, residing in the UK and their employment, 

based on the labour force survey. The share of foreign workers is determined by the number of 

employed foreigners out of the total number of employed people residing in the UK regions. 

Foreigners are usually defined either by country of birth or by citizenship. Our assumption is that 

even if people are born in different countries they could have obtained citizenship status in the UK 

and thus would no longer be considered foreigners in the sense of foreign workers or immigrant 

workers. For the purpose of this research, foreigners are defined by the citizenship of the people 

residing and working in the UK; whether they are EU citizens or Non-EU citizens.  

 

Like the data from Orbis lacked information on employee information, the Eurostat dataset used for 

this research does not provide information on employment status, i.e. full time or part time, 

employment type, whether high skilled or low skilled, or educational background. While this 

information might be available in other datasets, it was not comparable with this dataset. Information 

about the employed population residing in the UK is fundamental for our research and is registered 

in full values, however, the supplementary information on education and employment from other 

datasets is registered in rates or percentages and is not directly translatable to the population dataset 

used in this study.  

 

Eurostat is a comprehensive database and provides many types of data. The dataset used in this 

research is cross-sectional and contains the specific information of the employed population residing 

in the NUTS2 regions of the UK. This also means that it is a snapshot of the population in the specific 

years, and the same individuals are not necessarily tracked over time. Thus, systematic changes in 

the population over the period 2012-2018 are not distinguishable, but something can be said about 

the current status in the specific years and the distribution of the population in the UK. 
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5.3 Regional classification 

Both the production function and the share of foreign workers are determined on the local level, more 

specifically, on the regional level in the UK, to investigate possible differences from the national 

level. The data available from the Eurostat database as well as the Orbis database defines the data 

needed for this research on NUTS2 levels. NUTS, Nomenclature of Territorial Units for Statistics is 

a statistical classification of subdivisions in a country provided by Eurostat, and it provides insight 

about specific local regions. The regional classification of NUTS is defined for all countries mainly 

in accordance with their territorial administrative division. The classification entails three levels, 

namely, NUTS1 representing larger socio-economic divisions, NUTS2 representing basic regional 

divisions and NUTS3, which is small specific divisions. Our research is based on NUTS2 as the 

information needed from Eurostat was available only at this level. NUTS2 of the UK contains 41 

regions (Appendix 1). 

 

UKC1 - Tees Valley and Durham 

UKC2 - Northumberland and Tyne and Wear 

UKD1 - Cumbria 

UKD3 - Greater Manchester 

UKD4 - Lancashire 

UKD6 - Cheshire 

UKD7 - Merseyside 

UKE1 - East Yorkshire and Northern Lincolnshire 

UKE2 - North Yorkshire 

UKE3 - South Yorkshire 

UKE4 - West Yorkshire 

UKF1 - Derbyshire and Nottinghamshire 

UKF2 - Leicestershire, Rutland and Northamptonshire 

UKF3 – Lincolnshire 

UKG1 - Herefordshire, Worcestershire and Warwickshire 

UKG2 - Shropshire and Staffordshire 

UKG3 - West Midlands 

UKH1 - East Anglia 

UKH2 - Bedfordshire and Hertfordshire 

UKH3 - Essex 

 

UKI3 - Inner London - West 

UKI4 - Inner London - East 

UKI5 - Outer London - East and North East 

UKI6 - Outer London - South 

UKI7 - Outer London - West and North West 

UKJ1 - Berkshire, Buckinghamshire and Oxfordshire 

UKJ2 - Surrey, East and West Sussex 

UKJ3 - Hampshire and Isle of Wight 

UKJ4 - Kent 

UKK1 - Gloucestershire, Wiltshire and Bristol/Bath area 

UKK2 - Dorset and Somerset 

UKK3 - Cornwall and Isles of Scilly 

UKK4 - Devon 

UKL1 - West Wales and The Valleys 

UKL2 - East Wales 

UKM5 - North Eastern Scotland 

UKM6 - Highlands and Islands 

UKM7 - Eastern Scotland 

UKM8 - West Central Scotland 

UKM9 - Southern Scotland 

UKN0 - Northern Ireland 

Table 5.1: NUTS2 Regions of the United Kingdom 

 

The information obtained for the base year is from 2006. The data for the time-period 2012-2018, 

and the base year 2006, is subject to reclassification of NUTS. This means that some of the NUTS2 

regions were later changed. This resulted in a change of the NUTS delimitation, and for our research, 

this made comparisons over the years difficult for the specific region. The changes that are relevant 

for our data are NUTS 2010, NUTS 2013 and NUTS 2016. Specifically, the regions affected with 

these reclassifications are 1) the two regions, Inner and Outer London, which were reclassified as 5 

regions, 2) Eastern Scotland, which maintained the same name, and 3) Southern and West Central 

https://en.wikipedia.org/wiki/Nomenclature_of_Territorial_Units_for_Statistics
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Scotland, which replaced the former South Western Scotland. (Eurostat, 2020). Due to these changes 

in the NUTS2 classification, some of the data is imputed, in order to be able to account for these 

regions. 

 

5.4 Industries 

In addition to investigating regional differences in the distribution of foreign workers and firm-level 

productivity, it is also relevant to consider the distribution among different industries. The firm-level 

data obtained from the Orbis database include the classification of industries based on the Nace Rev. 

2 categories, which is the revised “Nomenclature générale des activités économiques dans les 

Communautés Européennes” also defined as the General Industrial Classification of Economic 

Activities within the European Communities. This industry classification is also provided by Eurostat. 

The firm-level data covers 20 industries. The purpose of including industries is to examine possible 

differences between industries, e.g. some industries rely more or less on foreign workers (more prone 

to hire foreign workers) and some industries are more or less labour or capital intensive. Thus, all 20 

industries are included to examine these differences.  

 

A – Agriculture, forestry and fishing 

B – Mining and quarrying 

C – Manufacturing 

D – Electricity, gas, steam and air conditioning 

supply 

E – Water supply; sewage, waste management 

and remediation activities 

F – Construction 

G – Wholesale and retail trade; repair of motor 

vehicles and motorcycles 

H – Transportation and storage 

I – Accommodation and food service activities 

J – Information and communication K – Financial and insurance 

activities 

L – Real estate activities 

M – Professional, scientific and technical activities 

N – Administrative and support activities 

O – Public administration and defence: compulsory social security 

P – Education 

Q – Human health and social work activities 

R – Arts, entertainment and recreation 

S – Other service activities 

T – Activities of households as employers; undifferentiated goods- 

and services- producing activities of households for own use 

Table 5.2: List of industries by Nace.Rev.2 
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5.5. Descriptive statistics 

 

The data used for this research will be examined more closely by presenting descriptive statistics of 

(1) the distribution of foreign workers, (2) of the firm-level variables and, (3) of the dependent and 

independent variable; TFP and share of foreign workers.  

 

The Independent and Dependent Variable 

The independent variable, Share of Foreign Workers, and the dependent variable, TFP, is defined 

as follows: 

 
Table 5.3: Description of the independent and the dependent variable 

 

  

Dependent Variable Description 

TFP Total Factor Productivity is calculated by using the in-built command acfest, where the log of capital, 

material and labour is used.  

 Independent Variable  

Share of Total Foreign 

Workers 

The share of the total number of foreign employees in the UK out of the total number of employees in 

the UK. The share of foreign workers is calculated as:  

Share of foreign workers = the number of employed foreigners / total number of employed people. 

Share of EU Foreign 

Workers  

The share of the total number of foreign workers in the UK with citizenship from countries within the 

EU (the UK not included) out of the total number of employees in the UK.  

Share of EU foreign workers = the number of employed foreigners with citizenship from countries 

within the EU / total number of employed people. 

Share of Non-EU 

Foreign Workers 

The share of the total number of foreign workers in the UK with citizenship from countries outside 

the EU out of the total number of employees in the UK.  

Share of Non-EU foreign workers = the number of employed foreigners with citizenship from 

countries outside the EU / total number of employed people. 
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The Distribution of Foreign Workers 

The distribution of foreign workers is presented across the NUTS2 regions and through the years 

2012-2018.  

  

Figure 5.2: Distribution of foreign workers across NUTS2 regions and Figure 5.3: Distribution of foreign workers 

across the sample years 

 

Figure 5.2 shows the distribution of foreign workers, foreign workers from EU countries and foreign 

workers from non-EU countries across the NUTS2 regions of the UK. As illustrated, the regions of 

Inner and Outer London register the highest number of overall, EU and non-EU foreign workers. In 

particular, Outer London West and North West counts approximately 27 000 foreign workers being 

only surpassed by Inner London East which has the highest number of all NUTS2 regions, namely a 

concentration of around 35 000 of foreign workers. As for the EU and non-EU, both regions report 

higher numbers of EU workers with approximately 20 000 in Inner London East and more than 15 

000 in Outer London West and North West compared to approximately 15 000 and 10 000 non-EU 

workers for both regions. Similar to the high numbers presented for these two regions, figure 5.2 

illustrates a clear pattern of the largest concentration of foreign workers in the most densely populated 

regions of the country, namely London, Greater Manchester, West Midlands and East Anglia. Figure 

5.3 presents the distribution of foreign workers of all nationalities by year. As illustrated, overall there 

was a decrease in foreign workers in 2013 followed by a steady increase. This trend is not confirmed 

when examining the specific categories of EU and non-EU workers. We see that over the period of 

the analysis, there was a steady increase in the number of EU workers, while the number of non-EU 

has generally remained constant. One possible explanation of this can be the equal inflow and outflow 

of non-EU workers between  2014-2018. While there is a slight decrease in the overall and EU foreign 

workers in 2017, it is important to mention that no significant decrease in numbers is observed during 

the Brexit period captured in this paper. 
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The variable, foreign workers, is used to calculate the share of foreign workers, which is our 

explanatory variable. In the table below we present the descriptive statistic of it. 

Dependent Variable N Mean Std.Dev. Min Max 

TFP 166489 0.866 0.594 -9.642 2.256 

 Independent Variable      

Share of Total Foreign     

Workers 

169624 0.137 0.103 0.020 0.369 

Share of EU Foreign 

Workers  

170417 0.083 0.059 0.009 0.222 

Share of Non-EU Foreign 

Workers 

166670 0.056 0.046 0.007 0.162 

Table 5.7: Summary statistics of the independent variable 

 

The value of the shares of total, EU and non-EU workers is between 0 and 1. Out of the total working 

population in the UK, the total share of foreign workers is 13,7%. Comparing the EU and non-EU, 

the highest share is the EU share with 8,3% and the smallest share is the non-EU with 5,6%.  

 

Firm-level Variables and The Distribution of Firms 

First, from Figure 5.4, the distribution of firms across industries shows that the industries with the 

largest number of firms are Manufacturing and Wholesale and Retail Trade. The former includes over 

6000 firms while the latter consists of about 5700 firms from the total number of 30,145 firms in the 

sample. The four next biggest industries are Construction, with around 2300 firms, firms, Information 

and Communication, with around 2200 firms, Administrative and Support Service Activities with 

around 2000, and Professional, Scientific and Technical Activities, with around 1900 firms.   

In Figure 5.5 the distribution of firms is depicted across NUTS2 regions. The majority of firms by 

far, about 4700 firms, are located in the Inner London West area of London compared to the number 

of firms in the other regions. Inner London West is definitely an outlier. It includes the City of 

London, known as the primary financial district in the city and thus it is logical that substantial 

amounts of firms are located in this area (City of London, 2020). The region of Berkshire, 

Buckinghamshire, and Oxfordshire is the next biggest region, in terms of number of firms, with about 

1700 firms. Inner London East, Surrey, East and West Sussex, and Greater Manchester have about 

the same number of firms, around 1300 firms. 
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Figure 5.4: Distribution of firms across industries and Figure 5.5: Distribution of firms across NUTS2 regions 

 

In our sample firms are defined as either large, medium or small based on the number of employees. 

Small firms are defined as 2-49 employees, medium as 50-249 employees and large as 250/456728 

employees, which is the highest in our sample. As depicted in Figure 5.6, the sample contains some 

outliers in terms of the number of employees. Some of these firms are supermarket chains, like Tesco, 

with many employees hired under one entity but spread out in their shops, thus the employment 

number is very high. Figure 5.7 illustrates the firm size of our sample. The majority of firms, 13427, 

are small-sized. 13081 firms are medium-sized and 3637 firms are large. Therefore, from the figure 

5.6 and 5.7 we state that we have an unbalanced sample with a similar number of small and medium 

sized firms. The number of large firms is considerably lower. However, these are the firms most 

likely to have an exceptionally high number of employees and therefore, be the outliers in this regard. 

  

Figure 5.6: Firm outliers based on number of employees per firm per year and Figure 5.7: Distribution by firm-size 

based on number of employees 
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The variables for the TFP estimation are fixed assets, number of employees, value added and cost of 

goods sold. In the summary statistics below (Table 5.7) the variables are presented for each of the 

three biggest industries, which are Manufacturing, Wholesale and retail trade; repair of motor 

vehicles and motorcycles, and Administrative and support service activities, determined by the 

number of employees.  

 

Industries considered in the analysis:      Obs.   Mean   Median   Min.   Max. 

 Manufacturing 

 Fixed assets 39484 26102.52 1866.451 .001 6.33e+07 

 Number of employees 39484 207.634 88 2 42479 

 Value added 39484 12562.44 3511.14 1.477 6130000 

 Cost of goods sold 39484 44719.98 9609.196 .001 2.62e+07 

 Wholesale and retail trade; repair of motor vehicles and motorcycles 

 Fixed assets 34158 16297.16 905.585 .001 2.39e+07 

 Number of employees 34158 342.81 57 2 456728 

 Value added 34158 15876.66 3378.607 1.154 4520000 

 Cost of goods sold 34158 90205.49 12792.82 .058 1.07e+08 

 Administrative and support service activities 

 Fixed assets 15976 18013.86 589.777 .001 9880000 

 Number of employees 15976 310.808 65 2 31984 

 Value added 15976 10267.26 2987.349 1.373 1330000 

 Cost of goods sold 15976 40679.69 7801.433 .016 1.10e+07 

 
Table 5.4: Summary statistics for the three biggest industries 

 

The administrative industry is smaller than wholesale, but it is somewhat similar in terms of the 

makeup of employees. The average firm in wholesale counts 342 employees, compared to the average 

of 310 employees in the administrative industry, where half of the firms in the wholesale employ less 

than 57 employees and half of the firms in the administrative industry have less than 65 employees. 

Compared to this, the manufacturing industry is visibly the largest industry in our sample, but the 

average firm would employ 207 people, much less than in the two other industries. Still, we see that 

50% of manufacturing firms employ more than 88 people.  

When comparing the financial information of the three industries, we see that the largest value added 

is in the wholesale industry with 15876,6 thousands $, however, they also employ the largest number 

of employees, indicating that this industry is very labour intensive. Additionally, the wholesale and 

retail industry has the highest cost of goods sold compared to the other industries. Cost of goods sold 

include the cost of the product itself, warehouse storage, transportation and tariffs(Norman et al., 

2012). In contrast, manufacturing has the second largest value added of 12562 thousands $, and the 

smallest number of employees on average, but at the same time this industry has the largest number 

of fixed assets.  
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This indicates that manufacturing is a very capital intensive industry. The administrative and support 

service activities include activities such as travel agencies, rental services and office administration. 

We see from the numbers they have both a large workforce and large capital spendings. 

 

These variables are then used to calculate the TFP of the firms in our sample. The estimation details 

will be covered in the next section.  

6. Methodology 

Productivity measure is essential for firms’ activity and for the analysis of firms. Managers use 

production functions in the decision-making process for instance, to optimize inputs and account for 

the level of returns to scale. Furthermore, firm productivity is an indicator of performance and is 

therefore insightful in the evaluation of both firms and industries. However, despite its economic 

value, studying firm productivity poses certain challenges related to the estimation of production 

functions. Perhaps, the biggest issue consists of productivity being determined by some components 

that are observed both by the econometrician and the firm as well as other components that are 

observed only by the firm. Most certainly, those factors observed only by the firm cannot be 

accounted for by the econometrician when computing the production function, which causes an 

endogeneity problem and results in biased OLS estimates. In this paper we define productivity as 

Total Factor Productivity (TFP) and we estimate it by using Ackerberg, Caves, and Frazer (2006) 

(henceforth ACF) methodology that takes this issue into consideration. For the analysis, we will use 

a simple OLS, fixed effect (FE) and the instrumental variable (IV) approach as empirical methods. 

 

This research will focus on analyzing firm productivity in relation to foreign labor. We estimate TFP 

for each firm in our sample and afterwards we group it by industry. After retrieving TFP from 

production functions we investigate the causal effect of foreign labor on firm productivity in local 

labor markets. We use the NUTS2 classification to define local labor markets, as this subdivision 

indicates a territorial and administrative delimitation of the country useful to distinguish regions. 

Often information about the UK economy and population is presented on a national level. This is 

valuable for many reasons, such as providing information to experts and officials, amongst others, 

about recent trends and developments in the economy. Moreover, this can be relevant at the policy 

level too. Still, it is also important to investigate local patterns being that they might differ from what 

we see at the national level. 
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6.1 Estimation of the production function 

We start by assuming a Cobb-Douglas production function. 

 

𝑌 = 𝑓 (𝐾, 𝐴𝐿) = 𝐾𝛼(𝐴𝐿)1−𝛼     (1) 

where Y is the output, K is the capital stock, L stands for labor, A is the TFP and 𝑎 is a measure of 

elasticity. There is a great body of literature in macroeconomics concerning growth theories that 

explain how aggregate output is related to factors of production (Blanchard et al., 2017). Given that 

this research has a different focus, we simply state that a production function relates aggregate output 

to capital and labor. How much output is produced considering these inputs depends on the level of 

productivity of a firm and this is what we will be examining in this chapter. 

In order to retrieve TFP we need to first quantify each element of the production function. In this 

paper we use value added to measure output, fixed assets for capital stock, and number of employees 

to account for labor. We calculate value added as operational revenue minus cost of goods sold. 

Despite being frequently used there is no single method to calculate TFP. This is due to a few 

commonly acknowledged methodological problems concerning the estimation of a production 

function that lead to biased estimators. One is the selection bias, which is determined by firms’ input 

optimization based on the threat of exiting the market. That is to say, there is a positive correlation 

between a firm’s survival and its productivity because firms can assess their risk of exiting the market 

and therefore, adjust the level of inputs such as capital or labor for a certain period accordingly (Van 

Beveren 2010, De Loecker 2007). Another methodological issue is the simultaneity bias. This results 

from the correlation between input demands and unobserved productivity shocks, which are sudden 

events that either decrease or increase firm productivity (Van Beveren 2010, Olley and Pakes 1996). 

Controlling for the simultaneity bias is especially relevant for this research, since the analysis includes 

the time period of Brexit, which is characterized by a high level of uncertainty and a significant policy 

effect on businesses. This implies that along their process of adaptation to the new external 

environment, firms might have gone through internal processes that affected TFP and that we cannot 

account for in our data. Thirdly, the omitted price bias can arise “if firm-level price variation is 

correlated with input choice” (Van Beveren 2010, p. 9). Finally, another source of bias is the multi-

product firms. In this case a bias is induced if within the same industry firms that are multi-product 

have different production technology and final demand (Ibid). 
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The question of why some firms or even smaller units within one firm differ in their productivity 

level is particularly interesting (Syverson, 2011). One possible reason for it is simply the 

measurement error (Fox and Smeets, 2011). These authors argue “if input quality is the reason for 

productivity, then productivity is really an artifact of a measurement problem” (Ibid, p. 1). However, 

their empirical results combined with previous literature on productivity show that productivity 

dispersion can be partly explained by “attributes that are hard to buy and sell in input markets” such 

as managerial competence, business strategy, or legally protected competitive advantage (Ibid, p. 1). 

An equally interesting question is how to account for productivity shocks in empirical studies 

considering that productivity shocks are unobserved to the researcher. The most obvious solution 

would be to interview managers on their response measures to positive or negative productivity 

shocks. However, the resources and the time necessary for this are generally not available to 

researchers. Instead, endogeneity problems might be controlled for through other methods. 

  

Two common estimation methods that deal with endogeneity are FE and IV. FE assumes that 

endogeneity is caused by time-invariant unobserved effects. Therefore, by removing the sources of 

bias, which are constant over time FE should achieve consistent estimators. Assumingly, if the source 

of bias is constant over time productivity shocks are too, which is a strong assumption that FE makes. 

This is perhaps one reason why in practice FE does not work well and results in non-plausible 

estimates, in particular very small capital coefficients, which might also be due to measurement error 

(Griliches and Hausman (1986), Van Beveren (2009)). The other approach that eliminates 

endogeneity is IV, which implies adding to the equation an exogenous variable that is highly 

correlated with the endogenous inputs, but not correlated with the estimated productivity and the error 

term. In addition, Olley and Pakes (1996) (henceforth OP) were the first to suggest an estimation 

algorithm that consists of using a proxy variable, which in their methodology is investment, to control 

for unobserved productivity shocks. Their method was further developed by Levinsohn and Petrin 

(2003) (henceforth LP) and ACF among the most prominent subsequent research that suggested 

alternative methods to estimate firm productivity. For the purpose of this research, we estimate TFP 

by using both LP and ACF methodologies. In order to go more in depth and because the ACF method 

provides a more accurate estimation of TFP than LP, in this paper we report only the ACF results. 

However, to provide a better understanding of this choice, we will discuss the ACF method in relation 

to the other two methods OP and LP, mainly emphasizing the latter. 
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6.2 Levinsohn and Petrin (2003) 

As compared to OP, LP approach is distinguished by using an alternative proxy, namely intermediate 

inputs, to control for the correlation between unobserved productivity shocks and input variables. The 

motivation to find an alternative proxy is driven by a number of concerns that LP express regarding 

the OP approach. Firstly, LP state that it is not uncommon for firms to report zero investment. 

Therefore, in many available firm-level datasets, especially those reporting data from developing 

countries, details about investment necessary to implement the OP approach are missing (Levinsohn 

and Petrin, 2003). For instance, for our data collection process there was no available information 

about UK firms’ investments. Secondly, having investment as a proxy affects the assumption of strict 

monotonicity imposed by OP. Assuming that for any firm i at time t kit stands for capital stock, iit 

denotes investment and productivity is written as 𝜔it the assumption of strict monotonicity in 𝜔it 

intuitively implies that firms with the same kit and iit must have the same 𝜔it. For investment equal to 

zero the assumption that firms with the same capital stock have the same productivity is arguable 

(Ibid). Moreover, LP state that one can relax the assumption of strict monotonicity for the 

observations where investment equals zero. However, this implies that these observations must be 

deleted from the dataset, even though in some cases, it can amount to a considerable number (Ibid). 

Despite the fact that the monotonicity condition is identical for both investment (OP) and intermediate 

inputs (LP) used as proxies, the latter is more likely to be strictly monotonic in 𝜔it. 

In their approach that uses intermediate inputs to proxy for 𝜔it, LP make a number of assumptions. 

The first assumption entails that firms adjust the degree of intermediate inputs based on the 

productivity shocks they observe according to the demand function m(𝜔it, 𝑘it) (Mollisi and Rovigatti, 

2017). This implies that intermediate inputs are defined in terms of productivity shocks and capital 

stock. Both are state variables; therefore, both have an impact on the firm’s decision-making process. 

LP define the intermediate input function as follows: 

 m𝑖𝑡 = 𝑓𝑡  (ω𝑖𝑡 , 𝑘𝑖𝑡)       (2) 

where intermediate inputs of firm i at time t is a function of productivity shocks and capital stock of 

firm i at time t. A second assumption states that (2) is invertible in 𝜔it implying that 𝜔it can be written 

as a function of 𝑘it and 𝑚it. This assumption is valid only when 𝑚it is monotonically increasing in 𝜔it 

(Ibid). If the intermediate input demand function was increasing only on specific portions the 

inversion would not be possible.  
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Therefore, following this assumption we further transform (2) and get: 

ω𝑖𝑡 = 𝑓𝑡
−1(𝑚𝑖𝑡 , 𝑘𝑖𝑡)      (3) 

The third assumption implies that capital evolves according to the dynamic investment process. 

Importantly, this means that capital is considered a quasi-fixed input and is decided at time t-1.What 

is more, the capital available at time t depends on the last period’s investment instead of the current 

period investment (Levinsohn and Petrin, 2003). Mathematically, this can be written as: 

𝑘𝑖𝑡 = (1 − δ)𝑘𝑖𝑡−1 + 𝑖𝑖𝑡−1      (4) 

where iit-1 is the investment level decided at time t-1.  

Finally, the fourth assumption concerns the free variable, which is labor. This is considered non-

dynamic and is chosen at time t when the productivity shock is realized. In other words, if labor is 

chosen at time t it means that it can only impact profits at time t, and not future profits (Levinsohn 

and Petrin, 2003, Mollisi and Rovigatti, 2017). This is important to consider because it rules out for 

instance, the costs of hiring and firing. However, because labor is chosen at time t when the 

productivity shock is realized, one must take into consideration possible correlation between labor 

and innovation realized at time t. Finally, it has to be mentioned that LP assume productivity to follow 

a first-order Markov process. This is a general assumption, however a very important one because it 

represents both an assumption on the stochastic process governing 𝜔it and an economic assumption 

about a firm’s expectations on future productivity. It implies that: 

p(ωit+1| 𝐼𝑖𝑡)  =  p(ωit+1| ωit)      (5) 

where Iit is the information set held by a firm at time t that includes both current and past realization 

of productivity. The second part of equation (5) implies that the expectation about future productivity 

𝜔it+1 is formed based on current productivity 𝜔it (Ackerberg et al., 2006, p.4). Equation (5) implies 

that:  

E[ωit+1| 𝐼𝑖𝑡] =  g(ωit)       (6) 

Which can be written: 

 ωit+1 = g(ωit) + 𝑖𝑡+1      (7) 

where  

E[it+1| 𝐼𝑖𝑡] = 0       (8) 
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(Pozzoli and Labanca, 2018). 

Where g(𝜔it) is the predictable element of future productivity 𝜔it+1 and 𝑖𝑡+1 (8a) is the innovation 

element. Since the innovation element cannot be observed by firms until time t+1 the construction of 

(8) equals zero. 

All the methods mentioned, OP, LP and ACF estimate TFP in two stages. OP and LP identify the 

labor coefficient in the first stage and afterwards, in the second stage, estimate the capital and the 

productivity, while ACF identify all the coefficients of interest in the second stage. The reasons for 

it will be further explained when taking a closer look at the ACF methodology. 

6.3 ACF (2006, 2015)  

Ackerberg, Caves, and Frazer’s (2006) methodology is presented as a critique to Levinsohn and Petrin 

(2003) and Olley and Pakes (1996). Specifically, in their critique, ACF examine the conditions under 

which the estimator for labor is identified in the first stage of the LP approach. They argue that it may 

suffer from identification issues and that under the assumptions LP make about kit and 𝑚it there might 

be no remaining variation in 𝑙it to identify the coefficient of labor. 

To illustrate ACF reasoning we recall what LP assume about intermediate inputs, that 𝑚it= 𝑓t (𝜔it,𝑘it). 

Similarly, they assume 𝑚it and 𝑙it to be non-dynamic, variable inputs. Therefore, we can treat 𝑙it 

symmetrically and assume that 𝑙it is also a function of productivity 𝜔it and capital 𝑘it. In this case we 

have: 

𝑙𝑖𝑡 = ht(ωit, 𝑘𝑖𝑡)                          (9) 

𝑙𝑖𝑡 = h𝑡(𝑓𝑡
−1(𝑚𝑖𝑡 , 𝑘𝑖𝑡), 𝑘𝑖𝑡)                                       (9a) 

𝑙𝑖𝑡 =  h̃𝑡  (𝑚𝑖𝑡 , 𝑘𝑖𝑡)                        (10) 

Equation (10) implies that 𝑙it is a deterministic function of 𝑚it and 𝑘it. In other words, the values given 

by this function are entirely determined by its input. This is problematic in the context of the first 

stage of LP since this approach conditions on 𝑚it, 𝑘it and t to be able to define 𝜔it as a function of 

observables. However, if 𝑙it is fully dependent on 𝑚it, 𝑘it and t there is no additional variation left to 

estimate the coefficient for labor (Ackerberg, Caves, and Frazer (2015). Moreover, these authors 

particularly refer to the LP estimation method and emphasize that in practice the estimator for labor 

can be generated despite the fact that one could not observe the functional dependence problem. 

However, if no additional assumptions are made concerning the data-generating process, the 
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coefficient for labor will not be consistent (Ackerberg, Caves, and Frazer 2015, Manjón and Mañez, 

2016). 

To correct for this, ACF make a few additional assumptions about the data collection process. In the 

first instance, ACF assume that 𝑚𝑖𝑡 =  𝑓𝑡(𝑘𝑖𝑡 , ωit, 𝑙𝑖𝑡) where 𝑓𝑡 is the proxy variable policy function, 

conditional on lit and invertible in ωit. Similarly, mit is monotonically increasing in ωit. The second 

assumption concerns the state variable and implies that 𝑘it is decided at time t-b, which is somewhere 

in between time t-1 and t. Finally, the last assumption implies that labor lit can have dynamic 

implications and is chosen sometime between period t-1 and t (Mollisi and Rovigatti, 2017). The 

implication for these changed timing assumptions is that the ACF method allows for the estimation 

of production functions where all inputs are not perfectly variable (Pozzoli and Parrotta, 2012, p. 

177).  

Timing assumptions compared 

Levinsohn and Petrin (2003) Ackerberg, Caves, and Frazer (2015) 

𝑚𝑖𝑡 = 𝑓(ω𝑖𝑡 , 𝑘𝑖𝑡) (ba) is the intermediate input 

function invertible in 𝜔it. 𝑚it is monotonically 

increasing in ωit , is a perfectly variable input 

decided at time t.  

𝑚𝑖𝑡 = 𝑓𝑡(𝑘𝑖𝑡 , ω𝑖𝑡 , 𝑙𝑖𝑡)  (bb)is the intermediate input 

function invertible in ωit. 𝑚it is monotonically 

increasing in ωit decided either at the same time or 

after lit is chosen. 

Capital is a state variable decided at time t-1 Capital is a state variable decided at time t-b, where 

0<b<1 

Labor is a free, perfectly variable input, non-

dynamic chosen at time t 

Labor is a free variable with dynamic implications 

chosen at time t, t-1 or  t-ζ, where 0< ζ<1 

Source: Levinsohn and Petrin (2003), Ackerberg, Caves, and Frazer (2015), Mollisi and Rovigatti (2017). 

To sum up, the two approaches presented in this paper, LP and ACF rely on (1) timing assumptions, 

(2) a scalar unobservable assumption and (3) the monotonicity assumption. Both assume productivity 

to follow a first order Markov process (Ackerberg, Caves, and Frazer (2015)) and both assume that 

productivity is the “only unobserved source of firm specific uncertainty”(Manjón and Mañez, 2016, 

p. 2). The main difference between LP and ACF is that the latter inverts “conditional” on lit rather 

than “unconditional” on lit input demand function to control for unobserved productivity (Ackerberg, 

Caves, and Frazer, 2015, p.2427). 

Following ACF we assume a value-added production function: 
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𝑦𝑖𝑛𝑡 =  𝛽0 +  𝛽𝑘𝑘𝑖𝑛𝑡 + 𝛽1𝑙𝑖𝑛𝑡 + 𝛽𝑚𝑚𝑖𝑛𝑡 + 𝑢𝑖𝑛𝑡      (11) 

Where 

𝑢𝑖𝑛𝑡 = 𝜔𝑖𝑛𝑡 + 휀𝑖𝑛𝑡  

𝑦int is the log of value added, 𝑘int is the log of capital stock, 𝑙int is the log of labor and finally, mint is 

the log of intermediate goods. Intermediate inputs can be materials used in the production, electricity 

and fuels (Levinsohn and Petrin, 2003). We use it in our estimation to control for the correlation 

between a part of the error term and inputs. The error term consists of two parts and the researcher 

observes none of them. ωint stands for the log of a firm’s productivity while 휀int is the idiosyncratic 

error term. The difference between these components is that the former is observed by the firm and 

the latter is not. This implies that ωint is predictable or partly predictable by the firm when making 

input decisions, while 휀int is everything else that affects productivity, and that a particular firm has no 

information about when deciding the inputs at time t. For our case, ωint is the total factor productivity 

of a firm and 휀int is the deviation from it in a given year after the input decisions are made. Finally, 

all variables are calculated for every firm i in our sample located in NUTS2 region n in the year of 

analysis t. 

Practically, we estimate TFP in STATA using the inbuilt command acfest. We use a third-order 

polynomial to construct the control function. We use the option robust to obtain robust standard errors 

and we use 500 replications in bootstrapping (Appendix 5).      

As in ACF we assume an input demand function for mint conditional on lint . We write it as such: 

𝑚𝑖𝑛𝑡 = 𝑓𝑡(𝑘𝑖𝑛𝑡 , ω𝑖𝑛𝑡 , 𝑙𝑖𝑛𝑡)      (12) 

Considering that the assumptions of this model hold, namely, the strict monotonicity and the scalar 

unobservable assumptions required to do the first stage inversion, we write (7) as follows: 

𝑚𝑖𝑛𝑡 = 𝑓𝑡
−1(𝑘𝑖𝑛𝑡 , 𝑚𝑖𝑛𝑡 , 𝑙𝑖𝑛)      (13) 

As in LP and ACF, we treat 𝑓𝑡
−1 nonparametrically and we perform this inversion to write ωint as a 

function of observable variables. As previously specified, we perform our productivity estimation in 

two stages, which will be further demonstrated: 
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6.4 The first stage 

We plug the inverse of the demand function for intermediate inputs into the production function 

yielding: 

𝑦𝑖𝑛𝑡 = 𝛽0 + 𝛽𝑘𝑘𝑖𝑛𝑡 + 𝛽𝑚𝑚𝑖𝑛𝑡 + 𝛽𝑙𝑙𝑖𝑛𝑡 + 𝑓𝑡
−1(𝑘𝑖𝑛𝑡 , 𝑚𝑖𝑛𝑡 , 𝑙𝑖𝑛𝑡) + ε𝑖𝑛𝑡 = Φ̃𝑖𝑛𝑡  (𝑘𝑖𝑛𝑡 , 𝑚𝑖𝑛𝑡 , 𝑙𝑖𝑛𝑡) + ε𝑖𝑛𝑡  (14) 

where    Φ̃𝑖𝑛𝑡(𝑘𝑖𝑛𝑡 , 𝑚𝑖𝑛𝑡 , 𝑙𝑖𝑛𝑡) = 𝛽0 + 𝛽𝑘𝑘𝑖𝑛𝑡 + 𝛽𝑚𝑚𝑖𝑛𝑡 + 𝛽𝑙𝑙𝑖𝑛𝑡 + ω𝑖𝑛𝑡    

Here the ACF differs from OP and LP, since these two approaches estimate the coefficient for labor 

in the first stage, whereas in the ACF approach no coefficients are identified in the first stage. 

However, the first stage is still necessary for ACF to “net out the untransmitted error 휀int from the 

production function” (Ackerberg, Caves, and Frazer, 2015, p. 2427). This means that even though 

we do not estimate 𝛽l in the first stage, we can identify the estimate for the composite term Φint ( 𝑘int, 

mint, lint) which is Φ̂̃𝑖𝑛𝑡. The importance of the first stage in the ACF approach should not be 

underestimated, since it had the purpose of “isolating” ωint from 휀int , as stated above. 

Specifically, we estimate the composite term Φ̂̃𝑖𝑛𝑡(𝑘𝑖𝑛𝑡 , 𝑚𝑖𝑛𝑡 , 𝑙𝑖𝑛𝑡) = 𝛽0 through the generalized 

method of moments (GMM) technique by following the moment condition below: 

𝐸[ε𝑖𝑛𝑡|𝐼𝑖𝑛𝑡] = 𝐸[y𝑖𝑛𝑡 − Φ̃𝑖𝑡(𝑘𝑖𝑛𝑡 , 𝑚𝑖𝑛𝑡 , 𝑙𝑖𝑛𝑡)|𝐼𝑖𝑛𝑡] = 0    (15)                    

(Pozolli and Labanca, 2018, p. 14) 

where Iint is the information set about the firm i from NUTS2 region n at the time of analysis t. Due 

to the dynamic implications of labour, additional variation is generated that is likely to improve the 

identification.    

6.5 The second stage 

Since we do not estimate the coefficient for labor in the first stage, we need two independent 

moment conditions to estimate 𝛽k and 𝛽l in the second stage by using GMM.  

Once the Φ̂𝑖𝑛𝑡 was recovered, for any candidate vector of (𝛽k, 𝛽l) the implied  𝜔𝑖𝑛𝑡(β𝑘  , β𝑙)
′𝑠 ∀𝑡 is 

computed by using: 

𝜔𝑖𝑛𝑡(β𝑘 , β𝑙) = Φ̂𝑖𝑛𝑡 − 𝛽𝑘𝑘𝑖𝑛𝑡 − 𝛽𝑙𝑙𝑖𝑛𝑡     (16) 
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As in ACF we follow the first order Markov assumption: 

𝜔𝑖𝑛𝑡 = 𝐸[𝜔𝑖𝑛𝑡|𝐼𝑖𝑛𝑡−1] + 
𝑖𝑛𝑡

= 𝐸[𝜔𝑖𝑛𝑡 𝜔𝑖𝑛𝑡−1 ] + 
𝑖𝑛𝑡

   (17) 

And the two moment conditions necessary to identify (𝛽k, 𝛽l) namely: 

𝐸 [
𝑖𝑛𝑡
𝑘𝑖𝑛𝑡 ] = 0      (18) 

 

𝐸 [
𝑖𝑛𝑡

 
𝑘𝑖𝑛𝑡 

𝑙𝑖𝑛𝑡−1
] = 0       (19) 

where 
𝑖𝑛𝑡

 is the innovation which happens between time t-1 and t.  

After obtaining the residuals, we can regress non-parametrically 𝜔𝑖𝑛𝑡(β𝑘, β𝑙) on 𝜔𝑖𝑛𝑡−1(β𝑘 , β𝑙) 

including the constant, where the residuals of this regression are the implied 
𝑖𝑛𝑡

(β𝑘 , β𝑙)′𝑠. Given 

the implied 
𝑖𝑛𝑡

(β𝑘 , β𝑙)′𝑠 we can form the sample analogue 

1

𝑖

1

𝑛

1

𝑡
  ∑𝑡 ∑ 

𝑖𝑛𝑡
(β𝑘 , β𝑙) ∙ ( 𝑘𝑖𝑛𝑡

𝑙𝑖𝑛𝑡−1
)𝑖      (20) 

and by minimising this we can estimate β𝑘 , β𝑙 (Ackerberg, Caves and Frazer, 2006; Mollisi and 

Rovigatti, 2017). 

To further investigate firm productivity, we group firm TFP by industry. This renders comparability 

between the industries as well as the firms within these industries, and rather than focusing on a few 

industries, this allows for an overall view of the distribution of productivity. For instance, we can 

identify whether some industries are more or less capital or labour intensive. Additionally, since we 

are looking at the relationship between productivity and foreign labour, the comparability between 

industries can be valuable as the use of foreign labour often varies between industries e.g the use of 

foreign labour might differ between the construction and the information and communications 

industry. In practice, to group by industry, we constructed a loop over our 20 industries (Appendix 

5).  

 

6.6 Firm productivity and foreign labor 

To estimate the causal effect of foreign workers on firm productivity in the local labor markets we  

define the following model: 
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𝑇𝐹𝑃𝑖𝑛𝑡 = 𝛼 + 𝛽1 (𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝐹𝑜𝑟𝑒𝑖𝑔𝑛 𝑊𝑜𝑟𝑘𝑒𝑟𝑠)𝑛𝑡 + 𝑖 + 𝑡 + 
𝑛

+ 𝜌𝑑 + 𝜐𝑖𝑛𝑡  (21) 

 

where TFPint is the dependent variable denoting the TFP of firm i from NUTS2 region n at time t, 𝛼 

is a constant, 𝛽1 is the coefficient for our explanatory variable, which is the share of foreign workers 

from NUTS2 n at time t and 𝜐𝑖𝑛𝑡 is the error term. We also include a comprehensive set of fixed 

effects such as first 𝑖 stands for firm fixed effects, 𝑡 is time fixed effects, 
𝑛

 represents region 

fixed effects, and finally 𝜌𝑑 is industry fixed effects. Finally, the standard errors are clustered at the 

NUTS2 level. 

 

When estimating the causal effect of the share of foreign workers on firm productivity, we need to 

take into account that firms can decide their optimal productivity. Simply put, in their daily activity 

firms can choose their level of productivity based on various factors, concerning both the internal and 

external environment of the firm. If this is the case it becomes challenging to isolate the causal effect 

of foreign labor on firm productivity, because the level of productivity is implicitly driven by other 

factors not observed by the researcher. This problem is a source of endogeneity. However, foreign 

workers can also choose in which region to locate. This self-selection bias results in biased and 

inconsistent estimators. Graphically this can be written as 𝑐𝑜𝑣(𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝐹𝑜𝑟𝑒𝑖𝑔𝑛 𝑊𝑜𝑟𝑘𝑒𝑟𝑠𝑖𝑛𝑡 , 𝜐𝑖𝑛𝑡) ≠

 0. Achieving consistent and unbiased estimators is key, because the end goal of any sample study is 

to come up with estimators that are as close as possible to the true population parameters. A 

quantitative study, in which the estimators are inconsistent and biased is simply not very useful, since 

it is not representative for the population process under study. Therefore, to handle the selection 

problem at this stage, we use a fixed effect method, which captures time-invariant characteristics. 

Still, this addresses endogeneity issues only partially, because some unobserved effects can vary over 

time. For instance, some NUTS2 regions can experience economic development due to time-varying, 

unobserved factors that are not controlled by the region fixed effect. This implies a growth of the 

business in the area and the creation of new jobs that are likely to attract immigrant workers. To take 

into account all possible sources of endogeneity, we use an instrumental variable approach, where we 

instrument the predicted share of foreign workers using the shift-share approach.    

6.7 The instrumental variable approach (IV) and the two stage least square (2SLS) 

The IV approach is a powerful method to account for endogeneity of selection if the researcher can 

find a valid instrument, which is a source of exogenous variation necessary to identify the causal 

effect. For this, two conditions must be satisfied (1) 𝑐𝑜𝑣(𝐼𝑉𝑖 , 𝑋𝑖) ≠ 0 and (2) 𝑐𝑜𝑣(𝐼𝑉𝑖 , ε𝑖) = 0. 

Condition (1) implies that the instrument must be strongly correlated with the independent variable. 
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This strong correlation is necessary because it will be used in the first stage of the 2SLS to isolate the 

part of the independent variable, which is uncorrelated with the regression error term. Condition (2) 

requires the instrument to be exogenous. Additionally, it must not be correlated with the error term. 

That is to say, the instrument affects the dependent variable only through the independent variable 

and not through the error term. 

The 2SLS is the estimation method through which the coefficient of interest is calculated using an 

instrumental variable. It implies two stages. The first stage is designed to isolate the effect of X on Y 

through Z where X is the explanatory variable, Y is the dependent variable and Z is the instrumental 

variable. This is necessary because the endogeneity problem, that renders biased and inconsistent 

estimators, is contained in the error term. The strong correlation in condition (1) is required precisely 

to perform the first stage of the 2SLS, while the validity of this condition can be determined by a high 

F-statistics. Mathematically, the first stage is shown as follows: 

�̂�𝑖 =  𝛼1 + ℓ𝑍𝑖 + ε𝑖                        (22) 

Afterwards, in the second stage the outcome is calculated by using the coefficient xi(hat) estimated 

in the first stage. This is demonstrated as follows: 

𝑌𝑖 =  𝛼2 + 𝛿�̂�𝑖 + ϵ𝑖                        (23) 

By following the assumption of the IV approach and the two stages, one can estimate the local average 

effect known as LATE. Specifically, this allows for the estimation of the treatment effect for the 

compliers, which represents the group that changes its behaviour as a result of the IV instrument. 

In this research, the IV approach described above is used to estimate the causal effect of X, which is 

the share of foreign workers on Y, which is TFP by using an instrument Z, which is the predicted 

share of foreign workers. Mathematically, this is illustrated as such: 

 

(𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝐹𝑜𝑟𝑒𝑖𝑔𝑛 𝑊𝑜𝑟𝑘𝑒𝑟𝑠)̂
𝑛𝑡 =  𝛼1 + ℓ𝑆ℎ𝑎𝑟𝑒_𝐼𝑉𝑛𝑡 + 𝑖 + 𝑡 + 

𝑛
+ 𝜌𝑑 + 𝜏𝑖𝑛𝑡 (24) 

  

𝑇𝐹𝑃𝑖𝑛𝑡 = 𝛼2 + 𝛽1 (𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝐹𝑜𝑟𝑒𝑖𝑔𝑛 𝑊𝑜𝑟𝑘𝑒𝑟𝑠)̂
𝑛𝑡 + 𝑖 + 𝑡 + 

𝑛
+ 𝜌𝑑 + 𝜚𝑖𝑛𝑡 (25) 

Practically, to estimate the coefficients of interest by using the IV method we use the inbuilt command 

ivreghdfe in STATA. This is the command for an extended instrumental variable regression with 

multiple levels of fixed effects so that in the “absorb” function we include the controls for firm, year, 

region and industry fixed effect. 
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6.7 The shift share approach 

In order to obtain the instrumental variable mentioned above this research employs a shift-share 

approach. This is a popular technique used by studies that focus on immigration because the 

endogeneity of immigrants' location choice is a common issue. In the case of our research, the self-

selection problem is defined by the choice of foreign workers to move to regions with higher 

economic development, as it has the prospect of more and better job opportunities. For this reason, 

when constructing our instrumental variable we will use the past settlement of foreign workers from 

2006 to estimate the predicted number of foreign workers for each local labor market during the 

period analysed in this study (Card, 2001). In order to predict variation in the share of foreign workers 

we are combining local economic composition with shifts on the aggregate level as to have local 

“shares” and aggregate “shifts” necessary to create spatial variation. To construct the instrument we 

use the following formula: 

𝑆ℎ𝑎𝑟𝑒_𝐼𝑉𝑛𝑡 =
𝑆𝑡𝑜𝑐𝑘𝑡∗𝑆ℎ𝑎𝑟𝑒𝑛2006

𝑆𝑡𝑜𝑐𝑘𝑛2006
                                                 (26) 

where share_IV (n, t) represents the predicted share of foreign workers in NUTS2 n at time t. Stock 

(t) is the total number of foreign workers in the UK at time t. The share (n 2006) is the share of foreign 

workers in NUTS2 n in 2006 and finally Stock (n 2006) is the total population in NUTS2 n in 2006. 

We follow the same procedure when calculating the instrumental variable for the EU and non-EU 

shares of workers, which is the predicted EU share of foreign workers and respectively, the predicted 

non-EU share of foreign workers. 

𝐸𝑈𝑆ℎ𝑎𝑟𝑒_𝐼𝑉𝑛𝑡 =
𝐸𝑈𝑆𝑡𝑜𝑐𝑘𝑡∗𝑆ℎ𝑎𝑟𝑒𝑛2006

𝑆𝑡𝑜𝑐𝑘𝑛2006
                                            (27) 

𝑁𝑜𝑛𝐸𝑈𝑆ℎ𝑎𝑟𝑒_𝐼𝑉𝑛𝑡 =
𝑁𝑜𝑛𝐸𝑈𝑆𝑡𝑜𝑐𝑘𝑡∗𝑆ℎ𝑎𝑟𝑒𝑛2006

𝑆𝑡𝑜𝑐𝑘𝑛2006
                                    (28) 

Afterwards, we use the instruments to estimate the coefficients for EU and non-EU as in (22) and 

(23).  

 

Our instrument must satisfy two conditions to be valid. Firstly, the share of foreign workers must be 

correlated with the imputed share of foreign workers. In our results, we see that for the overall share 

of foreign workers the correlation with the instrument is of 86% and F-statistic is below 10, whereas 

to ensure that the maximum bias in the IV estimates is less than 10% F-statistic must be larger than 

10.  If this condition is not fulfilled the instrument is said to be weak and the implication of it is that 

the weak instrument explains very little of the variation in the total share of foreign workers. 

Intuitively, if the instrument is not strong enough to isolate the part of the independent variable, which 
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is uncorrelated with the regression error term then our estimate for the predicted share of foreign 

workers will have a poor precision. In what concerns the EU and non-EU shares of workers, the 

former has an 95,3% correlation with the predicted EU share of workers while the latter has a 97,7% 

correlation with the predicted non-EU share of workers. Due to these high correlations, the F-stat for 

EU and non-EU analysis is usually high enough to argue for a strong instrument. A visualization of 

it is shown below:  

 

Correlation of IV and share of foreign workers (original, eu and non-eu) (Figure 5.7) 

 

Secondly, the imputed share of foreign workers must not be correlated with productivity in the years 

of analysis. Specifically, the distribution of foreign workers in 2006 should not be correlated with 

productivity in 2012-2018. For our study, this is likely to hold as the pre-sample year is six years 

before the sample period and the decision to settle in a specific region in 2006 cannot be influenced 

by future productivity expected to happen in 2012-2018. Additionally, we construct the instrument 

by normalizing it to the base year population, which strengthens the exogenenty of it. 

Reflection on the methodology 

This section will take a retrospective view on the methodology of this study and reflect on the 

strengths and weaknesses of it. Additionally, some ideas will be provided of what could have been 

done differently. 
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There are two commonly used methods to study productivity. One is by estimating a production 

function and the other is by applying growth accounting. We use the former. However, each of them 

has its advantages and disadvantages. The growth accounting is based on the assumption of perfect 

competition and constant return to scale, which might be restrictive. Nonetheless, cost shares or 

output elasticities in the growth accounting method are determined flexibly and are not forced to be 

the same across years or units of observation, as it is in the production function method. The 

accounting growth method provides an easy way to explore sectoral impacts. On the other side, the 

production function method allows for an identification strategy, where other variables potentially 

affecting productivity can be included (Kangasniemi et al, 2012). In this research due to the purpose 

and the level of analysis, we decided to use the econometric method in the calculation of firm 

productivity.        

 

One weakness of this methodology is that the F-stat is not always strong, such as in the overall share 

of foreign workers and for some industries. This can be problematic in the context of the first stage 

of 2SLS and denote a weak instrument.  

 

Another reflection relates to our control variables. At first, we chose the control variables firm age, 

number of subsidiaries and number of shareholders. This might offer insight to the makeup of the 

firms in our sample, e.g. to discern the issue of multi-establishment from the number of subsidiaries 

or to distinguish the proportion of old and established vs. newer firms. However, these control 

variables showed little to none within variation (Appendix 6). Thus, we decided not to include them. 

7. Results 

Our main results do not indicate a statistical significant effect of the share of total foreign workers on 

firm productivity. However, once we disaggregate the explanatory variable into EU and non-EU share 

of foreign workers, we find a significant impact on firm productivity. Interestingly, for the EU share 

of workers there is a positive effect, while for the non-EU there is a negative effect.  

All our results have robust standard errors and for all of it we control for industry, region, firm and 

year fixed effects. Concerning the control variables, year and firm fixed effects had to be controlled 

for. And while the probability of firms moving region and changing industry in the short period of 

our analysis is small, we decided to include region and industry fixed effects as well. We run OLS 

(1) without controlling for these and OLS (2) with these to investigate whether it differs. It looks like 

the coefficients slightly vary, thus for the rest of the analysis we included all the controls.     
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7.1 Main results 

 

ORIGINAL 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of 

TFP 

(1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 0.862*** 0.694*** 0.704*** 0.181 0.185 1.732 1.675  

  (0.015) (0.016) (0.016) (0.176) (0.175) (1.196) (1.184)  

 Capital Intensity   -0.011***    0.011*      0.019**  

    (0.002)  (0.006)  (0.007)  

 Constant 23.657*** 22.451*** 22.754*** -

0.164*** 

-

0.170*** 

   

  (1.720) (1.708) (1.708) (0.024) (0.022)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     4.051 4.055  

 First stage: Share of foreign 

workers IV Coeff. 

     0.337** 

(0.167) 

0.337** 

(0.167) 

 

 N 153,447 153,447 153,447 151,125 151,125 109,010 109,010  

 R-squared 0.020 0.033 0.033 0.752 0.752 -0.002 -0.001  

Note: The dependent variable is the log of TFP calculated by using the ACF (2006) methodology. The independent variable 

is the share of foreign workers measured between 0-1. We use a comprehensive set of control variables which is industry, 

region, year and firm fixed effects. Additionally, we control for capital intensity calculated as the log of capital stock divided 

by the number of employees. Standard errors in parentheses are clustered at the NUTS2 level and are robust to 

heteroscedasticity. We use the OLS, FE and IV, where for the IV method we present the first stage correlation between the 

instrument and the explanatory variable and the F-statistic shown as KP F-stat. Significance levels: *** p<0.01, ** p<0.05, 

* p<0.1 

Table 7.1: Main results of the overall share of foreign workers 

 

In the table illustrated above (Table 7.1) there is a positive association between the share of foreign 

workers and total factor productivity. The OLS coefficients are statistically significant with 1% 

probability that the null hypothesis is correct while it is statistically insignificant in the fixed effects 

and the IV model. However, the IV model is likely to provide more reliable coefficients than OLS. 

We control for the capital intensity in each model and we see that when controlling for it in the 

instrumental variable the estimators become smaller. Equation (7) reports that 1 percentage point 

increase in the share of foreign workers results in a 1.68% increase in TFP. The first stage coefficient 

is positive and significant at the .05 significance level, thus, the enclave hypothesis is confirmed. 
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However, the F-statistic of 4.055 is below 10, which indicates a weak correlation between the 

instrument and the endogenous variable.  

 

In the results for the share of EU foreign workers (Table 7.2) we see that all models have a positive 

association between the share of EU foreign workers and firm productivity. Both OLS and the 

instrumental variable models When controlling for are statistically significant in the .01 significance 

level. Equation (7) shows that 1 percentage point increase in the share of EU foreign workers results 

in 1.58% increase in TFP. The F-statistic is 15.046 and we argue that the instrument can control for 

the endogeneity of selection leading to consistency of estimates.    

Like the total share of foreign workers the first stage coefficient here is also positive but in the .01 

significance level. This confirms the enclave hypothesis that foreigners tend to settle in the same 

geographical location. According to Clark and Drinkwater (2002) enclaves of bad quality tend to 

have higher unemployment. The confirmed enclave hypothesis could indicate that EU foreign 

workers, not only settle in enclaves, but that these enclaves might be of good quality, as our results 

are only considering employed foreigners. 

 

 EU  

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.479*** 1.190*** 1.207*** 0.211 0.214 1.592*** 1.583***  

  (0.027) (0.028) (0.028) (0.137) (0.136) (0.468) (0.460)  

 Capital Intensity   -0.010***    0.011*  0.011*  

    (0.002)  (0.006)  (0.006)  

 Constant 30.662*** 28.194*** 28.554*** -

0.158*** 

-

0.163*** 

   

  (1.737) (1.726) (1.726) (0.011) (0.011)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      15.026 15.046  

 First stage: Share of foreign workers 

IV Coeff. 

     0.233*** 

(0.060) 

0.233*** 

(0.060) 

 

 N 154,099 154,099 154,099 151,781 151,781 145,237 145,237  

 R-squared 0.019 0.033 0.033 0.753 0.753 -0.002 -0.002  
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Note: The dependent variable is the log of TFP calculated by using the ACF (2006) methodology. The independent 

variable is the EU share of foreign workers measured between 0-1. The control variables used are industry, region, year 

and firm fixed effects as well as capital intensity. Robust standard errors in parentheses are clustered at the NUTS2 level. 

We use the OLS, FE and IV, and present the first stage correlation between the instrument and the explanatory variable 

and the F-statistic shown as KP F-stat for the IV method. Significance levels: *** p<0.01, ** p<0.05, * p<0.1 

 

Table 7.2: Main results of the share of EU foreign workers 

 

The results for the share of non-EU foreign workers (Table 7.3) are also statistically significant for 

both the OLS and the IV model. Compared to the share of EU foreign workers, the association 

between the non-EU share and firm productivity is negative. Specifically, in (7) this implies that 1 

percentage point increase in the non-EU share of foreign workers results in a 4% decrease in TFP. 

The F-statistics of 12.641, like the share of EU foreign workers, does not indicate a weak instrument. 

However, while the first stage coefficient is statistically significant at the 0.01 level, the coefficient 

is negative and thus contradicts the enclave hypothesis. Thus, this might indicate that the enclaves 

are of bad quality, and high unemployment might explain why we see a negative correlation between 

the employed share of non-EU workers and a potentially large portion of unemployed co-nationals in 

the enclave. 

NON-EU 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: 

log of TFP 

(1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign 

workers 

1.902*** 1.518*** 1.541*** 0.002 0.006 -4.025*** -3.995***  

  (0.034) (0.036) (0.036) (0.306) (0.303) (1.069) (1.069)  

 Capital Intensity   -0.011***   0.012*   0.011*  

    (0.002)  (0.007)  (0.007)  

 Constant 13.816*** 14.573*** 14.755*** -

0.136*** 

-

0.142*** 

   

  (1.720) (1.708) (1.708) (0.017) (0.015)    

          

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     12.638 12.641  

 First stage: Share of 

foreign workers IV 

Coeff. 

     -1.179*** 

(0.332) 

-1.178*** 

(0.331) 
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 N 150,897 150,897 150,897 148,589 148,589 147,891 147,891  

 R-squared 0.019 0.032 0.033 0.753 0.753 -0.006 -0.006  

Note: The dependent variable is the log of TFP calculated by using the ACF (2006) methodology. The independent 

variable is the non-EU share of foreign workers measured between 0-1. The control variables used are industry, region, 

year and firm fixed effects as well as capital intensity. Robust standard errors in parentheses are clustered at the NUTS2 

level. We use the OLS, FE and IV, and present the first stage correlation between the instrument and the explanatory 

variable and the F-statistic shown as KP F-stat for the IV method. Significance levels: *** p<0.01, ** p<0.05, * p<0.1 

 

Table 7.3: Main results for the non-EU share of foreign workers 

 

7.2 Industries 
 

In addition to the main analysis, we also investigate the impact of the share of foreign workers on 

productivity for the biggest industries in terms of  number of employees. Below we present the results 

for the total share of foreign workers and for the share of EU and non-EU workers for the (1) 

construction industry, (2) wholesale and retail, and (3) professional, scientific and technical industry.  

The results for the overall share of foreign workers in industries does not diverge from the main 

results. When looking at the industry-level the coefficients are statistically insignificant. Additionally, 

the F-statistic is small, indicating a weak instrument. This suggests possible bias and that endogeneity 

has not been accounted for completely (Appendix 7).   

When looking at the share of EU and non-EU foreign workers some differences can be derived. 

Therefore, we present these results below.  

 

 

Table 7.4: Results for the professional, scientific and technical industry for EU and non-EU 

 

Firstly, for the professional, scientific and technical industry, EU shows a much higher coefficient, 

indicating that with 1 percentage point increase in the share of EU foreign workers the productivity 

increases with 4,6%, while the non-EU coefficient is much lower, and indicates a 2.5% increase in 
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productivity when increasing the share of non-EU foreign workers with 1 percentage point. Secondly, 

the industry shows statistical significance for both the share of EU and non-EU foreign workers. The 

non-EU is significant at the .1 significance level, while the EU foreign workers it is significant at the 

.01 significance level. The industry of professional, scientific and technical activities is defined by a 

high degree of training and specialisation (Eurostat, 2008b), and is characterised by high-skilled 

professions. The foreign workers employed in this industry are likely to be very high-skilled or 

specialised, thus have a more direct impact on firm productivity.  

 

Contrarily, in the construction industry both the EU and non-EU share indicate a negative association 

with firm productivity. The coefficient of the EU share is smaller compared to the non-EU indicating 

a greater effect on TFP. However, the association for both is statistically insignificant. The 

productivity and growth in the construction industry is overall very small, which is one explanation 

for the insignificance of the share of foreign workers (Kangasniemi et al. 2012).  

 

 

Table 7.5: Results for the construction industry for EU and non-EU 

 

For the wholesale and retail trade industry, the coefficient of the EU share is positive, but statistically 

insignificant. While for the non-EU share the coefficient is negative and for both fixed effects and 

the IV model the significance level is .01. With 1 percentage point increase in the share of non-EU 

foreign workers, productivity increases with 1.9%. Furthermore, for both results the first stage 

coefficients are statistically significant at the .01 level and does not indicate a weak instrument. 

Additionally, when looking at the capital intensity, we see that for both EU and non-EU there is a 

negative effect of an increase in capital intensity.  
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The assumption is that firms always seek to maximise their profits, and this requires an optimal level 

of capital and labour. In some cases, a trade-off of these two occur. Wholesale and retail trade is 

usually considered a very labour intensive industry, particularly many foreign workers are presumed 

to be employed in this industry. Thus the negative effect of an increase in capital intensity is expected 

(Office for National Statistics, 2016).  

 

 

Table 7.6: Results for the wholesale and retail industry for EU and non-EU 

 

To sum up, our overall results do not show a significant effect of the total share of immigrant workers 

on firm productivity. However, when distinguishing between EU and non-EU foreign workers there 

is a statistical significance in both cases. Specifically, we find a positive association between the EU 

share of foreign workers and productivity contrarily to the negative association between the non-EU 

share and productivity. When inspecting different industries, the results for the total share of foreign 

workers is in line with the main results.  

Additionally, we find that for the professional, scientific and technical activities both EU and non-

EU shares show statistical significance while the first stage indicate a weak instrument. For wholesale 

and retail trade the instrument is not considered weak for either EU or non-EU, but only the non-EU 

share indicates a significant effect on TFP.  
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8. Robustness tests 

To evaluate the robustness of our results we carry out different sensitivity tests where we control for 

omitted bias including multi-establishment, imputations, and outliers. 

 

8.1 Multi-establishment 

In our sample, all firms are one legal entity assigned to one NUTS2 region, however, they might be 

multi-established, meaning that they might have different regional locations. It is important to control 

for multi-establishment to ensure that the effect of foreign workers on firm productivity is local. In 

Orbis, details about multi-establishment are limited, however in the data collection we are using 

several specifications to account for this, such as the legal entity, consolidation code and NUTS2. 

Additionally, this sensitivity test, accounts for multi-establishment by removing all firms with 

subsidiaries to ensure that our sample consists only of firms with one legal entity and one location. 

When we account for this, we find consistency with the main results. We see that all our coefficients 

are lower, especially for the overall and the EU share, but the quality of our estimates does not change. 

 

8.2 NUTS changes (Base year 2012) 

As described in the data collection we use the NUTS2 regional classification to define the local labour 

markets. The NUTS2, however, involves several reclassifications throughout the years. Specifically, 

for this research, the changes in 2010 pose some challenges for our dataset. By using the base year 

2012 as a pre-sample year instead of 2006, the NUTS2 classification is entirely consistent with the 

rest of the years in the analysis. Thus, it circumvents the classification challenge from 2010, 

specifically for the regions of London and Scotland.  

 

 

 

Robustness test 

Original 

Base year 2012 for the calculation of the IV 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 0.868*** 0.873*** 0.879*** 0.206 0.213 44.902 44.137  

  (0.016) (0.016) (0.016) (0.202) (0.202) (205.725) (199.942)  

 Capital Intensity   -0.006***  0.016**  0.041  

    (0.002)  (0.007)  (0.112)  

 Constant 39.800*** 39.898*** 40.094*** -

0.165*** 

-

0.174*** 

   

  (2.130) (2.131) (2.131) (0.028) (0.026)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      0.048 0.049  

 First stage: Share of foreign 

workers IV Coeff 

     0.013707 

(0.0625711) 

0.0138519 

(0.0625578) 
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 N 135,220 135,220 135,220 132,806 132,806 132,806 132,806  

 R-squared 0.021 0.021 0.021 0.758 0.758 -2.108 -2.035  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Table 8.1: Robustness test with IV base year 2012 for overall share of foreign workers 

 

Using a base year so close to the sample years creates its own issues. However, in this sensitivity test 

our goal is to check whether the changes in NUTS affect our results, rather than controlling for the 

construction of the instrumental variable. In accordance with Card (2001) the instrumental variable 

in the main analysis is constructed by using the pre-sample year of 2006, which is well before the 

sample years, to estimate the share of foreign workers in the sample years. Using 2006 as a pre-

sample year ensures that the estimates of the instrument are unlikely to be correlated with productivity 

in the sample years 2012-2018. 

 

 Robustness test 

EU 

Base year 2012 for the calculation of the IV 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.442*** 1.453*** 1.462*** 0.266 0.271 6.283 6.222  

  (0.028) (0.028) (0.028) (0.204) (0.205) (8.001) (7.950)  

 Capital Intensity   -0.005**  0.016**  0.018***  

    (0.002)  (0.007)  (0.005)  

 Constant 44.564*** 44.729*** 44.934*** -

0.159*** 

-

0.167*** 

   

  (2.142) (2.143) (2.144) (0.017) (0.016)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      0.683 0.685  

 First stage: Share of foreign workers 

IV Coeff 

     0.1061899 

(0.128466) 

0.1063168 

(0.1284553) 

 

 N 135,149 135,149 135,149 132,731 132,731 132,347 132,347  

 R-squared 0.020 0.020 0.020 0.758 0.758 -0.027 -0.026  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 8.2: Robustness test with IV base year 2012 for EU share of foreign workers 

 
 

 Robustness test 

Non-EU 

Base year 2012 for the calculation of the IV 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 2.002*** 2.005*** 2.021*** 0.058 0.069 -3.835*** -3.799***  

  (0.038) (0.038) (0.038) (0.448) (0.446) (0.924) (0.923)  

 Capital Intensity   -0.006***  0.017**  0.014**  

    (0.002)  (0.007)  (0.007)  

 Constant 31.577*** 31.586*** 31.752*** -

0.135*** 

-

0.144*** 

   

  (2.135) (2.135) (2.135) (0.025) (0.022)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  
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 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     15.550 15.537  

 First stage: Share of foreign 

workers IV Coeff 

     -

1.436481*** 

(.3642795) 

-

1.435786*** 

(0.3642551) 

 

 N 132,400 132,400 132,400 129,933 129,933 125,628 125,628  

 R-squared 0.021 0.021 0.021 0.758 0.758 -0.004 -0.004  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 8.3: Robustness test with IV base year 2012 for non-EU share of foreign workers 

 

Overall, the direction of the coefficients as well as the first stage coefficients are consistent with the 

main results, showing the same pattern. In contrast, we see that F-stat is very small and the 

coefficients in (6) and (7) are considerably higher. However, the endogeneity problem is not 

accounted for by the instrumental variable. This is logical since the pre-sample year is so close to the 

sample years. 

 

8.3 Non-imputed 

Since Orbis make use of internal imputations to improve coverage of firms in the sample, and 

similarly, due to NUTS2 reclassification, some values are imputed in the population dataset, we run 

a robustness test without imputations in both. We do that only for the overall share of foreign workers, 

to see if the results differ.  The estimates in (6) and (7) are not statistically significant and the 

instrument is likely to be weak. This robustness test reaffirms the main results (Appendix 8). This 

result is expected because the imputations are weighted to firm and industry sample to ensure that 

they are representative, and thus should not distort the results much. Regarding the population data, 

the imputations of the NUTS2 regions in question, showed little difference by having the values or 

not. 

 

8.4 Outliers and Firm-size 

The productivity can be skewed by very small and very large firms. Very small firms can be less 

reliable due to their less formalized reporting procedure. At the same time, very large firms most 

likely account for the highest productivity. In the sample, the proportion of small and large firms are 

immensely different. The majority of firms, 13,427, are small with less than 50 employees while 3637 

firms are large, thus, the estimated productivity is potentially distorted. This sensitivity test is 

performed to account for the potential skewness by excluding firms with less than 50 employees and 

with more than 100,000 employees. In our sample, the large firms also represent outliers, as shown 

in the descriptive statistics. While excluding very large firms we ensure that our main results are not 
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driven by these outliers. When compared to the main results, the values are smaller, but the quality 

of our coefficients is consistent with the main output (Appendix 8). The F-stat and the sign of the 

first-stage coefficients in the IV regression is also unchanged, which enforce the robustness of our 

main results. 

 

8.5 Biggest Regions 

While productivity is potentially affected by the firm size, the distribution of foreign workers might 

also skew our results. Foreigners tend to settle in urban areas where there are often greater job 

opportunities. In the distribution of foreign workers from the descriptive statistics, we see that London 

is the most dense in terms of foreign workers. Although we already account for region fixed effects 

this is another sensitivity test that we perform to control for omitted variable bias. We exclude the 

five London regions to check if regions with the most densely populated areas do not drive 

productivity. In this sensitivity test the results are similar to the main results, however, the estimates 

become less significant for the EU and non-EU and the F-statistic is over 10 but smaller than the main 

results (Appendix 8).  

 

8.6 Enclaves 

In contrast to the enclave hypothesis, our findings show that non-EU foreign workers do not tend to 

settle in regions where non-EU enthnic minorities are clustered. In their study on ethnic minorities in 

England and Wales, Clark and Drinkwater (2002) argue that particularly non-EU immigrants tend to 

cluster in urban, often-inner city areas (p. 24). We want to ensure that our results are valid for all local 

labour markets in the UK, and not only for specific regions of London. Therefore, we exclude the 

regions Inner London East and Outer London West and North West, which contains the highest 

number of non-EU foreign workers. This sensitivity test confirms the main results in that the 

correlation between the instrument and the endogenous variable in the first stage of the IV method is 

negative, which implies that non-EU foreign workers in general do not tend to cluster in enclaves. 

Moreover, we find a higher F-stat for (6) and (7). This implies that the instrumental variable explains 

a larger variation in the endogenous variable. The coefficients for (6) and (7) are slightly lower, 

indicating that the effect of the share of non-EU foreign workers on firm productivity is bigger when 

excluding these regions. The productivity decreases as we exclude those non-EU foreign workers 

from London and the productivity they are contributing with. 
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 Robustness test 

Non-EU 

Enclaves: Region excluded: Inner London (East) and Outer London (West and North West) 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.966*** 1.968*** 1.994*** 0.122 0.124 -

5.433*** 

-

5.396*** 

 

  (0.038) (0.038) (0.038) (0.402) (0.401) (1.493) (1.477)  

 Capital Intensity   -0.010***  0.010  0.010  

    (0.002)  (0.007)  (0.007)  

 Constant 16.729*** 16.742*** 16.921*** -

0.153*** 

-

0.157*** 

   

  (1.798) (1.799) (1.798) (0.020) (0.018)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      28.709 28.694  

 First stage: Share of foreign workers IV 

Coeff 

     -

0.836*** 

(0.156) 

-

0.836*** 

(0.156) 

 

 N 138,843 138,843 138,843 136,742 136,742 136,044 136,044  

 R-squared 0.018 0.018 0.018 0.751 0.751 -0.009 -0.008  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

Table 8.4: Robustness test of enclaves in the non-EU share of foreign workers 

 

9. Discussion 

When examining the causal effect of the share of foreign workers on firm productivity in the local 

labour markets, the overall findings show a statistically insignificant effect. However, when looking 

at specific industries the results differ. Additionally, we see that the effect also differs between that 

of EU and non-EU foreign workers. In this discussion we will present perspectives on 1) the 

relationship between foreign workers and productivity, and discuss the benefits and challenges of 

employing a foreign labour force 2) the skill level of foreign workers from a macro perspective, and 

the skill shortage in the UK and 3) the possible implications of Brexit going forward, specifically for 

foreign workers and the firms who employ them. 

 

9.1 Productivity and the drawbacks of foreign labour 

Much attention has been paid to the challenges of immigration and specifically of foreign workers, 

such as a lower average wage and the concern for job substitution of the local workforce. However, 

awareness of the beneficial contribution of foreign workers has gained recognition in recent years.  

When considering the distinction between cost - benefit of employing foreign workers, this paper 

argues that ultimately the benefits of foreign labor will outweigh the costs associated with it. 

However, the value created by foreign workers at their workplace depends on the firms’ ability to 
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assimilate and make sense of the advantage of having an ethnically diverse workforce. As for the 

costs of employing foreign workers, probably the training, the time to integrate and the language 

/communication barriers are some of the highest costs incurred by firms. For instance, at the 

beginning of the assimilation process, language barriers and a limited social network might make it 

difficult for foreigners to settle, obtain work and further their economic position. Additionally, when 

considering foreign workers who are recruited from other countries, typically temporary residents, 

further costs are associated with sponsorship and visa grants for the employee. 

 

Another consideration in regards to the cost-benefit of employing foreign workers is related to 

productivity. While profit maximisation is the ultimate company goal, increasing firm productivity is 

a key element in achieving this goal. The intuition behind it is simple and draws back again to 

production functions. If firms are able to increase profits per time unit due to increased productivity 

per time unit and not due to increased production, then firms can have a sustained economic growth. 

At the same time, it is evident that firms hire foreign workers because there are benefits of doing so 

despite the fact that the economic effect of having foreign labour is not always evident. Perhaps, this 

is one reason why studies show various results regarding the effect of foreign workers on firm 

productivity, both positive and negative but also in many cases, insignificant. This is consistent with 

our results as we find both statistically significant and insignificant effects of the different shares of 

foreign workers in different industries. However, productivity might not be the only reason to hire 

foreign workers and while there are costs associated with it, the benefits of it provide great incentives 

for firms to do so. Lower cost of hiring or lower salaries is an obvious reason for why firms hire 

foreign labour, and while this is the case for many firms, the advantages of employing foreign workers 

is manifold. Firstly, employment of foreigners can help resolve bottlenecks and shortages in the local 

labour market and help resolve high labour demand. While this is helpful on a national level, firms 

can be dependent on this solution, when firms cannot fill positions with local workers, as “without 

migrant workers the company would not find enough staff to fill all the roles.” (BIS, 2015, p. 22). It 

can also be argued that foreign workers are more flexible than the local labour force in terms of the 

jobs they are willing to attain, working hours and salary.  

Secondly, in addition to resolving labour shortages, foreign workers also fulfil another important 

purpose, namely, to fill skill gaps in the labour market. The firms can utilise foreign workers whose 

skills supersede what is needed for the role, who are very specialised or when they experience a 

shortage of certain skills. The firms thus highly benefit from “having access to migrants [as it allows] 

the business to select the best candidate from a wider talent pool.” (BIS, 2015, p. 60). It is also worth 

mentioning, that firms will benefit from the ethnic diversity in the labour force in terms of knowledge 
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sharing and the access to a different type of network that foreign workers usually have once they have 

adjusted to the host country. This can be, for instance, connections from their home-country or the 

residency country. Furthermore, an ethnic diverse labour force can enhance innovation as cultural 

differences can bring about new ideas and new perspectives that complement each other.  

Given this, the benefits of hiring foreign labour clearly outweighs the costs. However, this is only 

possible if firms are able to utilise the knowledge and skills of the workers and recognise them as 

assets. In the same line, this must also be addressed at the policy-level, as facilitating the entrance 

and, equally important, the integration of foreign workers into the UK, can create value for both firms 

and labour markets.  

 

9.2 The distinction between the skill level 

Considering that our results clearly show that nationality is an important factor for the relationship 

between the share of foreign workers and firm productivity, we therefore assume that education and 

the skill level of immigrant workers might also be relevant. Given the cultural and life-style difference 

between EU and non-EU workers, we suspect that skills and practices might also be different. Here, 

we will discuss three key points, namely (1) skill differences from a macro level perspective, (2) the 

UK labor market and skills required and (3) skill-level distinction in the context of our research. 

Firstly, we consider the macro-level perspective and we argue that in an increasingly globalized 

world, immigration for work became not only possible but also paramount for both individuals and 

firms. When drawing attention to firms, there is an increasing body of literature that discuss benefits 

and drawbacks of job outsourcing and production outsourcing. One reason to do so is in many cases 

to reduce costs. Another, as mentioned earlier, is to alleviate the issue of skill gaps. This implies that 

some firms need very qualified and very specific types of skills that are deficient or even lacking in 

their national labor market. Therefore, one solution adopted by firms is either job outsourcing to 

another country or import of the skills required. Moreover, production outsourcing can be similarly 

thought of as a means of filling in the gaps in the labor market. For instance, there is a good story 

about Apple founder, Steve Jobs, and former US president, Barack Obama. In answering the 

president’s question on what it would take for Apple to relocate the production of Apple production 

to the US, S. Jobs explained that the flexibility, diligence and industrial skills of foreign workers have 

outpaced the American workers (Duhigg and Bradsher, 2012).  

When considering individuals' perspective, there are few economically less developed European 

countries, such as countries from Eastern Europe that have high educational standards, and therefore 

create very high-skilled workers that choose to immigrate to other more developed European 
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countries for better work opportunities, such as the UK. Therefore, we argue that from a macro-level 

perspective, immigrant skills are increasingly important for both firms and national labor markets. 

 

Secondly, this paper will reflect on the particularities of the UK labor market and respectively, the 

skills most required. Reportedly, the UK are experiencing considerable skill shortages across different 

industries. According to the Office of National Statistics, 64% of firms in 2019 reported skill 

shortages, and certain industries in particular are having recruitment challenges. Reportedly, 74% of 

firms in the hotel and catering industry, 67% in transportation and 58% of firms in wholesale are 

experiencing significant skill gaps (ONS). As discussed earlier, one way to meet these challenges is 

to import the skills needed by accessing a wider talent pool of non-UK nationals. Skill shortages in 

the UK was provided as one of the main reasons that firms are recruiting workers outside of the UK.  

 

Finally, we turn to a point regarding the value of measures of skills in research. We believe that 

controlling for the immigrant workers skill-level would render more accurate coefficients as this 

would decrease the probability of an omitted variable bias. The data used for this analysis lacked 

information about skill-level or education of foreign workers and we acknowledge this limitation.  

 

9.3 Post Brexit  

This research is focused on the immediate years before and after the EU referendum. Despite the fact 

that the process of Brexit is difficult to investigate empirically since it is not finalised yet and data is 

limited, this research aimed at incorporating as much as possible to capture the context of Brexit. 

Therefore, we cannot conclude anything about the consequences of Brexit, but we can say something 

about the potential trends following the EU referendum in 2016.   

 

As presented earlier, Brexit constitutes a unique uncertainty shock that will undoubtedly follow the 

UK for years to come. Immediate reactions following the EU referendum was evident, but uncertainty 

has persisted in the country and the “(...)loss of business confidence and the inefficiencies inherent in 

a go-it-alone strategy are likely to weigh down economic activity for some time.” (Bloom, 2019b). 

While the UK entered a transition period in January 2020 in the process of leaving the EU by 

December 2020, the biggest question that lingers is: What happens when Brexit is finalised?  

One considerable uncertainty revolves around what kind of policies and regulatory framework the 

UK will introduce to replace EU regulations, particularly regarding immigration and foreign labour 

in the UK. Some of the concerns about immigration was one of the leading causes of the EU 

referendum, and many held the belief that immigration should be restricted or controlled more, in line 
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with the trend we see in many countries where nationalism is on the rise. Some of the most common 

concerns of immigration is that immigrants are very dependent on public welfare, and thus exploit 

and misuse the public services offered by society, and that foreign workers are stealing the locals’ 

jobs. As discussed previously, this is hardly the reality for most foreign workers, who pay taxes and 

contribute to society, and it can absolutely be beneficial for firms as well as society to encourage and 

facilitate foreign labour.  

Policy changes as a result of Brexit will most likely not have major repercussions for the non-EU 

nationals, as the policies in place today already entails specific requirements for this group. However, 

for the EU nationals, it is not inconceivable that changes in policies regarding immigration and free 

movement for this group will take place. Simionescu et al. (2017) argue that possible policy-changes 

could include restrictions on EU nationals in the future, as they already exist for non-EU nationals. 

One policy could involve a cap on Tier 2 visas per year, thus decreasing the inflow of EU-nationals. 

Another policy would result in a shorter stay in the UK, as permanent residency would be conditioned 

by a minimum earning.  

These restriction policies would greatly diminish the number of EU nationals in the UK. However, 

this will probably affect the inflow of immigrants more than the stock, as policy changes are not 

expected to include already permanent residents. While limiting immigration can be considered 

necessary from a national perspective, as the high volume of people coming into the UK puts pressure 

on the dense cities to accommodate the number of incoming migrants. Though it is recognised that 

immigrants contribute and stimulate economic growth in the UK. Thus, restrictions of migration 

through policies would ”lower the economic growth trend, even if GDP per capita might not be 

affected to the same magnitude.” (Simionescu et al., 2017, p. 42).  

 

From a firm perspective, in what concerns the possible effects on productivity, this research finds no 

overall significant effect of the share of foreign workers on firm productivity in the UK, which is in 

line with other studies. Thus, it is plausible that no major effects will be evident on the overall 

productivity as an outcome of Brexit. However, statistically significant effects are detected when 

distinguishing between EU-nationals and non-EU-nationals employed in the UK. Additionally, the 

effect of the share of foreign workers are significant for certain industries, namely, construction, 

wholesale and retail, and professional, scientific and technical activities.  

Albeit, the findings show varied significance of the causal effect on productivity, however, the 

contribution of foreign workers can often be measured in other ways too. Thus, when foreign labour 

is limited, firms might lose value not only in terms of the direct impact on firm productivity but also 

in terms of other indirect effects of foreign labour. Furthermore, some industries are more dependent 
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on the foreign labour. In some cases, because of the lower cost of employment, in other cases, due to 

skill gaps or inadequate labour supply. Construction, for instance, is estimated to include 10% of the 

workforce who are non-UK nationals, the majority of which are from the EU. Therefore, construction 

might be more dependent on the inflow of EU immigrants in particular. If supply of workers is 

inadequate, the labour cost might increase. As asserted by Wadsworth (2018) the restrictions of 

immigration will likely affect the inflow of EU-nationals the most, but even industries with low wages 

and high turnover might be at risk. Thus firms that depend highly on the inflow of EU-workers are 

especially vulnerable to the potential consequences of immigration restrictions following Brexit.  

10. Limitations 

In the following we will address some limitations encountered in this research. Firstly, the scope of 

this research focuses on the immediate period of time before and after the EU referendum, from 2012-

2018. As this is such a recent event, and Brexit not being finalised, consequences and effects of this 

is still too early to determine. Gathering data for the sample period presents it’s own challenge, as 

much data is not available, simply because it has not been gathered or organised yet. The data 

collected for this study was the latest data available, and while we can see some shifts in the data after 

2016, we cannot capture the delayed effects. Secondly, we want to address some limitations of the 

data collection specifically related to the data sources, that is Orbis and Eurostat. While Orbis is a 

comprehensive database of firm-level data, the database does not offer a distinction of multi-

established firms, thus we cannot control for this directly. One way to account for possible multi-

establishment was based on consolidation codes used in Orbis to distinguish between firms where 

statements are integrated with possible controlled subsidiaries and firms where statements are not 

integrated with unconsolidated or consolidated companions. In the data collection, firms that were 

categorised as having consolidated statements with unconsolidated companions and with no 

unconsolidated companion were excluded, to ensure that the firms included in the data were separate 

entities and that the financial information collected was independent of other entities. Another 

relevant point in regards to Orbis, is the imputations of firm-level data, specifically accounting data. 

While the UK is considered to have relatively good data availability of financial information, 

imputations are generally used in Orbis. Although, a distinction of external and internal imputations 

is made. For the UK, only internal imputations are used in order to improve coverage of firms. The 

imputations are weighted based on firm and industry standards to ensure that the imputations are 

representative. 
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Finally, in regards to Eurostat, the available datasets, although substantial, are organised in a way that 

makes direct comparability difficult and not easily translatable. Most notably, our population dataset 

needed to contain information of foreign workers and whether these were EU-nationals or non-EU 

nationals. In this dataset, information about education, skills or types of employment were not 

included. While this data can be found elsewhere, the values were different, and therefore not 

translatable to our dataset.  

11. Further research 

Based on the scope and limitations of this study we suggest that further research should be conducted 

to get a more detailed picture of the relationship between foreign workers and firm productivity as 

well as the overall effects on firms from employing foreign labour. Additionally, continuous research 

should be conducted to investigate the outcome of Brexit in the coming years.  

Firstly, we suggest that more research with a focus on foreign workers and productivity in the local 

labour markets should be done. Studies should include richer data about foreign workers’ education, 

training, skills and employment to get a thorough understanding of their choices and job possibilities.  

Secondly, we recommend that both qualitative and mixed method studies are conducted to 

complement the quantitative research. This is very data-demanding and time-consuming, but would 

clearly offer a more accurate depiction of the relationship between foreign workers and firms, and 

account for direct as well as indirect effects on firm productivity.  

Finally, research should be continuously done in the coming years where more and better data will 

become available e.g. only recently has data on immigrants and education become available in the 

UK, thus future studies will be able to include more comprehensive data on this.  

Furthermore, continuous research is needed to investigate Brexit and to get a grasp on the aftermath.  

At this point in time, the UK has entered a transition period where the exit from the EU will be 

finalised in December 2020. And until Brexit is completed, it will not be possible to assess the full 

extent of consequences. In addition, if Brexit is considered and treated as an uncertainty shock, 

ongoing studies can help evaluate the current situation, but future research will be able to offer a 

much more comprehensive picture of this, and provide insights that could be relevant in similar 

situations e.g. other economic shocks, political shifts or crises.  
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12. Conclusion 

This study focused on measuring the causal effect of the share of foreign workers on firm productivity 

in local labor markets in the UK between 2012-2018. For this, an identification strategy based on an 

instrumental variable was exploited. The IV approach was employed to account for the fact that 

selection into treatment, that is the distribution of foreign workers in the local labor markets, is not 

random. This can be explained by foreign workers’ desire to settle in areas with higher economic 

development and prospects. In the analysis, this would render biased estimates. Therefore, to address 

this issue the paper employs the shift-share approach to calculate an instrumental variable, which is 

the predicted share of foreign workers. From employing the IV method, the coefficient estimated on 

the explanatory variable represents the local average treatment effect. In other words, that is the causal 

effect on compliers i.e. those foreign workers who are induced to change their behaviour as a result 

of the instrument.  

 

As for the measurement of productivity, this research was performed on around 30 000 firms 

belonging to twenty industries and located in fortytwo NUTS2 regions, which formed the local labor 

markets examined. This paper retrieved the TFP from each firm’s production function in our sample 

by using the ACF methodology. This enabled calculating the TFP for each firm and afterwards 

organizing it by industries in order to enable comparison. Our results indicate no statistically 

significant causal effect of foreign workers on TFP. However, when we disaggregate the total share 

of foreign workers into EU and non-EU workers we find a significant positive effect for the EU 

workers and a significant negative effect for the non-EU workers. Importantly, we see that for the 

non-EU workers the enclave hypothesis is not confirmed, whereas for the EU workers this is 

confirmed. Our understanding is that immigrants tend to cluster in enclaves in order to benefit from 

the network and the common culture immigrants want to preserve when they move to another country. 

However, when considering employed foreign workers, these tend to not make use of enclaves in 

order to facilitate their integration in the host country and create a social network with locals and by 

this, elevate their social status. Whether enclaves are beneficial or not, our results are consistent with 

the literature on immigration indicating that overall foreign workers do not have a huge impact on 

firm productivity and our assumption is that foreign workers might not directly impact firm 

productivity, but rather have an indirect effect on it through their knowledge sharing, innovative 

ideas, cultural and social capital that immigrant workers bring in the firm. These can be difficult to 

capture in firms accounting data. Therefore, one of our suggestions is to complement quantitative and 

qualitative analysis for a more comprehensive overview of this relationship. 
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Another interest of this paper was to consider the context of Brexit. This paper explicitly states that 

it is yet difficult to investigate the effects of Brexit, since the consequences of it are not clear and data 

to measure it is deficient. This study set out to capture as much as possible from the context of Brexit 

in order to reflect in our estimates the real events happening in the population at that time. Since 

Brexit is not finalised yet, effects will likely not be fully apprehended until after much later, but this 

uncertainty shock is and will be having an impact both firms and immigrants in the UK. Concerns 

mostly revolves around consequences for the economy and the labour market. Based on this research, 

we conclude that while firm productivity in general is unlikely to experience major effects from 

changes in the share of foreign workers, some industries are more vulnerable to the changes in their 

foreign labour force.  
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Appendix 1: Map of NUTS2 regions in the UK 
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Appendix 2: List of industries classified in Nace Rev. 2 

 

  

Source: Eurostat 
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Appendix 3: Variable Description 

 

  

  Dependent Variable Description 

 TFP Total Factor Productivity is calculated by using the in-built command acfest, where the log of 

capital, material and labour is used.  

  Independent Variable  

 Share of Total Foreign 

Workers 

The share of the total number of foreign employees in the UK out of the total number of 

employees in the UK. The share of foreign workers is calculated as:  

Share of foreign workers = the number of employed foreigners / total number of employed people. 

 Share of EU Foreign 

Workers  

The share of the total number of foreign workers in the UK with citizenship from countries within 

the EU (the UK not included) out of the total number of employees in the UK.  

Share of EU foreign workers = the number of employed foreigners with citizenship from countries 

within the EU / total number of employed people. 

 Share of Non-EU 

Foreign Workers 

The share of the total number of foreign workers in the UK with citizenship from countries outside 

the EU out of the total number of employees in the UK.  

Share of Non-EU foreign workers = the number of employed foreigners with citizenship from 

countries outside the EU / total number of employed people. 

 Control Variables  

 Instrumental Variable: 

IV 

The instrument is calculated as:  

Share of foreign workers (IV) = share of foreign workers in NUTS n in 2006 * the number of 

employed foreigners in time t in UK / the total number of people in 2006 in NUTS n 

 Control Variables  

 Capital Intensity Calculated as: capital intensity = the log of capital / number of employees 

 Accounting Variables  

 Capital Fixed assets 

 Materials Value added = operational revenue – costs of goods sold 

 Labour Number of employees 

 Additional Variables  

 Number of Employees The number of employed people in firm i in year t 

 Number of Subsidiaries The number of subsidiaries of firm i (in the latest available account (2018)) 

 Number of Shareholders The number of shareholders of firm i (in the latest available account (2018)) 

 Firm Age The age of firm i, calculated as: Firm age = current year (2020) – year of establishment 
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Appendix 4: Summary of TFP variables by Industry 

 

Biggest Industries (by number of firms):  

Industries considered in the analysis:      Obs.   Mean   Median   Min.   Max. 

 Manufacturing 

 Fixed assets 39484 26102.52 1866.451 .001 6.33e+07 

 Number of employees 39484 207.634 88 2 42479 

 Value added 39484 12562.44 3511.14 1.477 6130000 

 Cost of goods sold 39484 44719.98 9609.196 .001 2.62e+07 

 Wholesale and retail trade; repair of motor vehicles and motorcycles 

 Fixed assets 34158 16297.16 905.585 .001 2.39e+07 

 Number of employees 34158 342.81 57 2 456728 

 Value added 34158 15876.66 3378.607 1.154 4520000 

 Cost of goods sold 34158 90205.49 12792.82 .058 1.07e+08 

 Administrative and support service activities 

 Fixed assets 15976 18013.86 589.777 .001 9880000 

 Number of employees 15976 310.808 65 2 31984 

 Value added 15976 10267.26 2987.349 1.373 1330000 

 Cost of goods sold 15976 40679.69 7801.433 .016 1.10e+07 

Note: The biggest industries (number of firms) is 1) Manufacturing 2) Wholesale and retail trade; repair of motor 

vehicles and motorcycles and 3) Administrative and support service activities 

 

Capital and Labour Intensive Industries and Industries with Highest Value added and Cost of Goods Sold 

Industries considered in the 

analysis:    

  Obs.   Mean   Median   Min.   Max. 

 Mining and quarrying 

 Fixed assets 1209 434000 7269.173 .002 8.79e+07 

 Number of employees 1209 312.321 58 2 5717 

 Value added 1209 44012.11 4751.637 1.236 2240000 

 Cost of goods sold 1209 205000 12728.25 7.149 2.04e+07 

 Electricity, gas, steam and air conditioning supply 

 Fixed assets 902 358000 9632.44 .169 2.32e+07 

 Number of employees 902 401.221 51 2 14516 

 Value added 902 94036.3 7600.78 5.62 6812659 

 Cost of goods sold 902 411000 14689.7 1.243 2.25e+07 

 Public administration and defence; compulsory social security 

 Fixed assets 223 90504.58 2972.428 .575 5820000 

 Number of employees 223 669.717 198 2 5891 

 Value added 223 21410.84 6594.617 122.468 399000 

 Cost of goods sold 223 74001.49 12807.03 5.749 1150000 
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 Accommodation and food service activities 

 Fixed assets 8034 20176.95 4386.487 .001 4610000 

 Number of employees 8034 404.927 112 2 38913 

 Value added 8034 9878.545 3183.674 1.227 1690000 

 Cost of goods sold 8034 12460.73 2465.715 .304 2790000 

 Financial and insurance activities 

 Fixed assets 4509 32152.64 181.386 .002 9300000 

 Number of employees 4509 156.81 22 2 16849 

 Value added 4509 14924.66 2577.902 1.725 2310000 

 Cost of goods sold 4509 91765.51 1281.44 .021 7.40e+07 

Note: The most capital intensive industries, determined by Fixed Assets, is 1) Mining and quarrying 2) Electricity, gas, 

steam and air conditioning supply 3) Public administration and defence; compulsory social security. The most labour 

intensive industries, determined by the number of employees, is 1) Public administration and defence; compulsory social 

security 2) Accommodation and food service activities and 3) Electricity, gas, steam and air conditioning supply. The 

industries with the highest value added is 1) Electricity, gas, steam and air conditioning supply 2) Mining and quarrying 

and 3) Public administration and defence; compulsory social security. The industries with the highest cost of goods sold 

is 1) Electricity, gas, steam and air conditioning supply 2) Mining and quarrying and 3) Financial and insurance activities 
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Appendix 5: STATA in-built command for ACF estimation 

 

*** TFP estimation using ACF *** 

 

/* Calculate ACF methodology by using the inbuilt command and 

the third order polynomial */ 

 

forvalues i=1(1)20{ 

acfest lnva if ind==`i', free(lnlab) state(lnkap) proxy(lnmat) 

i(company_id) t(year) nbs(500) robust va 

predict hat_acf`i' if ind==`i', omega 

 

gen l_tfp_acf`i'= ln(hat_acf`i') if ind==`i' 

 

gen predict`i'=_b[lnlab]*lnlab + _b[lnkap]*lnkap if ind==`i' 

correlate predict`i' lnva if e(sample) 

di %23.18f (r(rho))^2 

} 

 

gen acf_tfp=. 

forvalues i=1(1)20{ 

replace acf_tfp=l_tfp_acf`i' if ind==`i' 

} 

 

gen lacf_tfp=ln(acf_tfp) 

 

 

This is the code we use to compute the ACF methodology in STATA. The acfest code estimates productivity for 

each firm, and afterwards we loop it for 20 industries. The next line in the code is used to store the estimates, whereas 

the last three lines are used to calculate the R-squared. The very last line transforms TFP in a log of TFP.   
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Appendix 6: Within variation of control variables 

 

 

 Variable   Mean Std. Dev. Min Max Observations 

Firm age Overall 

Between 

Within 

  31.21796 20.38708 

20.24135 

0 

6 

6 

31.21796 

164 

164 

31.21796 

N = 170936 

n = 30135 

T-bar = 5.67234 

No. of subsidiaries Overall 

Between 

Within 

1.120404 6.192971 

6.239331 

0 

0 

0 

1.120404 

460 

460 

1.120404 

N = 170983 

n = 30145 

T-bar = 5.67202 

No. of Shareholders Overall 

Between 

Within 

2.244685 6.115113 

6.158683 

0 

0 

0 

2.244685 

129 

129 

2.244685 

N = 170983 

n = 30145 

T-bar = 5.67202 

No. of employees Overall 

Between 

Within 

249.1302 2282.223 

2110.166 

546.6583 

2 

2 

-106170.2 

456728 

291485.3 

165491.8 

N = 170983 

n = 30145 

T-bar = 5.67202 
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Appendix 7: Results for the industries 

This is the result of EU and non-EU share of foreign workers on TFP of the 4., 5., and 6. Biggest industries in our 

analysis.  
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Appendix 8: Robustness tests 

 

Multi-establishment 

 Robustness test 

Multi-establishment: Firms with subsidiaries excluded 

Original 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 0.818*** 0.820*** 0.820*** 0.082 0.088 0.951 0.862  

  (0.019) (0.020) (0.020) (0.164) (0.163) (1.252) (1.209)  

 Capital Intensity   -0.000  0.013*  0.025***  

    (0.002)  (0.008)  (0.009)  

 Constant 21.700*** 21.731*** 21.735*** -

0.175*** 

-

0.183*** 

   

  (2.198) (2.199) (2.199) (0.022) (0.020)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      3.728 3.736  

 First stage: Share of foreign workers IV 

Coeff. 

     0.340* 

(0.176) 

0.340* 

(0.176) 

 

 N 102,696 102,696 102,696 100,932 100,932 73,107 73,107  

 R-squared 0.016 0.016 0.016 0.753 0.753 -0.001 -0.000  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 Robustness test 

Multi-establishment: Firms with subsidiaries excluded 

EU 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.400*** 1.408*** 1.407*** 0.184 0.189 1.377*** 1.366***  

  (0.034) (0.035) (0.035) (0.155) (0.155) (0.419) (0.414)  

 Capital Intensity   0.001  0.013*  0.013*  

    (0.002)  (0.007)  (0.007)  

 Constant 28.399*** 28.530*** 28.494*** -

0.180*** 

-

0.187*** 

   

  (2.215) (2.219) (2.219) (0.013) (0.012)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      14.692 14.726  

 First stage: Share of foreign workers IV 

Coeff 

     0.234*** 

(0.061) 

0.234*** 

(0.061) 

 

 N 103,139 103,139 103,139 101,377 101,377 96,952 96,952  

 R-squared 0.015 0.016 0.016 0.754 0.754 -0.001 -0.001  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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 Robustness test 

Multi-establishment: Firms with subsidiaries excluded 

Non-EU 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.806*** 1.808*** 1.808*** -0.207 -0.201 -

4.007*** 

-

3.969*** 

 

  (0.044) (0.044) (0.045) (0.277) (0.274) (1.323) (1.322)  

 Capital Intensity   -0.000  0.014*  0.013  

    (0.002)  (0.008)  (0.008)  

 Constant 12.521*** 12.531*** 12.537*** -

0.149*** 

-

0.156*** 

   

  (2.196) (2.196) (2.196) (0.015) (0.013)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      12.236 12.240  

 First stage: Share of foreign workers IV 

Coeff 

     -

1.161*** 

(0.332) 

-

1.160*** 

(0.331) 

 

 N 101,039 101,039 101,039 99,283 99,283 98,860 98,860  

 R-squared 0.016 0.016 0.016 0.754 0.754 -0.005 -0.005  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

IV base year = 2012 

 

 

Robustness test 

Original 

Base year 2012 for the calculation of the IV 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 0.868*** 0.873*** 0.879*** 0.206 0.213 44.902 44.137  

  (0.016) (0.016) (0.016) (0.202) (0.202) (205.725) (199.942)  

 Capital Intensity   -0.006***  0.016**  0.041  

    (0.002)  (0.007)  (0.112)  

 Constant 39.800*** 39.898*** 40.094*** -

0.165*** 

-

0.174*** 

   

  (2.130) (2.131) (2.131) (0.028) (0.026)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      0.048 0.049  

 First stage: Share of foreign 

workers IV Coeff 

     0.013707 

(0.0625711) 

0.0138519 

(0.0625578) 

 

 N 135,220 135,220 135,220 132,806 132,806 132,806 132,806  

 R-squared 0.021 0.021 0.021 0.758 0.758 -2.108 -2.035  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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 Robustness test 

EU 

Base year 2012 for the calculation of the IV 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.442*** 1.453*** 1.462*** 0.266 0.271 6.283 6.222  

  (0.028) (0.028) (0.028) (0.204) (0.205) (8.001) (7.950)  

 Capital Intensity   -0.005**  0.016**  0.018***  

    (0.002)  (0.007)  (0.005)  

 Constant 44.564*** 44.729*** 44.934*** -

0.159*** 

-

0.167*** 

   

  (2.142) (2.143) (2.144) (0.017) (0.016)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      0.683 0.685  

 First stage: Share of foreign workers 

IV Coeff 

     0.1061899 

(0.128466) 

0.1063168 

(0.1284553) 

 

 N 135,149 135,149 135,149 132,731 132,731 132,347 132,347  

 R-squared 0.020 0.020 0.020 0.758 0.758 -0.027 -0.026  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 Robustness test 

Non-EU 

Base year 2012 for the calculation of the IV 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 2.002*** 2.005*** 2.021*** 0.058 0.069 -3.835*** -3.799***  

  (0.038) (0.038) (0.038) (0.448) (0.446) (0.924) (0.923)  

 Capital Intensity   -0.006***  0.017**  0.014**  

    (0.002)  (0.007)  (0.007)  

 Constant 31.577*** 31.586*** 31.752*** -

0.135*** 

-

0.144*** 

   

  (2.135) (2.135) (2.135) (0.025) (0.022)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     15.550 15.537  

 First stage: Share of foreign 

workers IV Coeff 

     -

1.436481*** 

(.3642795) 

-

1.435786*** 

(0.3642551) 

 

 N 132,400 132,400 132,400 129,933 129,933 125,628 125,628  

 R-squared 0.021 0.021 0.021 0.758 0.758 -0.004 -0.004  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Non-imputed (Orbis and Eurostat) 

 

 Robustness 

Non-imputed (original) 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 0.087*** 0.096*** 0.120*** 0.234*** 0.244*** 1.236 1.190  

  (0.021) (0.021) (0.021) (0.074) (0.071) (4.342) (4.263)  

 Capital Intensity   -0.025***  0.030**  0.032*  

    (0.003)  (0.012)  (0.018)  

 Constant 21.680*** 21.652*** 22.185*** 0.281*** 0.266***    

  (7.784) (7.783) (7.770) (0.009) (0.011)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      0.087 0.087  

 First stage: Share of foreign workers IV 

Coeff 

     1.109176 

(3.754245) 

1.108781 

(3.753712) 

 

 N 41,435 41,435 41,435 37,396 37,396 28,180 28,180  

 R-squared 0.002 0.002 0.005 0.939 0.940 -0.003 -0.000  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

Outliers and firm-size 

 

 Robustness test 

Original 

Outliers and firm-size: Number of employees between 50-100000 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 0.898*** 0.902*** 0.883*** 0.193 0.198 1.790 2.088  

  (0.021) (0.021) (0.021) (0.197) (0.197) (1.535) (1.556)  

 Capital Intensity   -0.599***  -

0.751*** 

 -0.856***  

    (0.028)  (0.081)  (0.091)  

 Constant 22.299*** 22.362*** 24.674*** -

0.214*** 

-

0.123*** 

   

  (2.231) (2.232) (2.227) (0.025) (0.026)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     4.324 4.321  

 First stage: Share of foreign 

workers IV Coeff 

     0.3654651** 

(0.1757552) 

0.3653131** 

(0.1757388) 

 

 N 95,081 95,081 95,081 93,350 93,350 70,158 70,158  

 R-squared 0.019 0.019 0.024 0.767 0.767 -0.001 0.001  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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 Robustness test 

EU 

Number of employees between 50-100000 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of 

TFP 

(1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.526*** 1.539*** 1.508*** 0.287* 0.298* 1.546** 1.618**  

  (0.037) (0.037) (0.037) (0.164) (0.164) (0.755) (0.745)  

 Capital Intensity   -0.606***  -

0.755*** 

 -0.746***  

    (0.028)  (0.081)  (0.078)  

 Constant 29.144*** 29.331*** 31.518*** -

0.212*** 

-

0.121*** 

   

  (2.253) (2.256) (2.251) (0.013) (0.015)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     13.724 16.38  

 First stage: Share of foreign 

workers IV Coeff 

     0.2409292*** 

(0.0650346) 

0.2409054*** 

(0.0650266) 

 

 N 95,549 95,549 95,549 93,828 93,828 89,439 89,439  

 R-squared 0.018 0.018 0.023 0.767 0.768 -0.001 0.001  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 Robustness test 

Non-EU 

Number of employees between 50-100000 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.989*** 1.995*** 1.952*** -0.138 -0.147 -3.283*** -3.416***  

  (0.048) (0.048) (0.048) (0.290) (0.292) (0.971) (0.990)  

 Capital Intensity   -0.596***  -

0.763*** 

 -0.762***  

    (0.029)  (0.083)  (0.084)  

 Constant 12.516*** 12.545*** 15.001*** -

0.178*** 

-

0.085*** 

   

  (2.231) (2.231) (2.227) (0.015) (0.019)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     13.378 13.371  

 First stage: Share of foreign 

workers IV Coeff 

     -

1.199113*** 

(0.3278396) 

-

1.198983*** 

(0.3278968) 

 

 N 93,264 93,264 93,264 91,545 91,545 91,062 91,062  

 R-squared 0.019 0.019 0.024 0.768 0.768 -0.004 -0.002  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Biggest regions 

 

 Robustness test 

Original 

Biggest regions removed: Inner London West, Inner London East, Outer London East and North East, Outer London South, 

Outer London West and North West 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of 

TFP 

(1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 2.083*** 2.141*** 2.145*** -0.110 -0.108 1.732 1.675  

  (0.070) (0.072) (0.072) (0.183) (0.184) (1.196) (1.184)  

 Capital Intensity   -0.003  0.018**  0.019**  

    (0.003)  (0.007)  (0.007)  

 Constant 36.455*** 37.004*** 37.098*** -0.175*** -0.183***    

  (2.127) (2.134) (2.135) (0.015) (0.016)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on 

Instrument 

     4.051 4.056  

 First stage: Share of foreign 

workers IV Coeff 

     0.337**** 

(0.168) 

0.337*** 

(0.168) 

 

 N 115,410 115,410 115,410 113,771 113,771 109,010 109,010  

 R-squared 0.008 0.009 0.009 0.748 0.748 -0.002 -0.001  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 Robustness test 

EU 

Biggest regions removed 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 2.178*** 2.270*** 2.271*** 0.171 0.171 1.310** 1.275**  

  (0.107) (0.109) (0.109) (0.203) (0.204) (1.114) (1.104)  

 Capital Intensity   -0.001  0.018**  0.018**  

    (0.003)  (0.007)  (0.008)  

 Constant 36.852*** 37.732*** 37.771*** -

0.194*** 

-

0.202*** 

   

  (2.252) (2.266) (2.267) (0.011) (0.011)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      10.867 10.869  

 First stage: Share of foreign workers 

IV Coeff 

     0.488*** 

(0.186) 

0.488*** 

(0.186)   

 

 N 116,062 116,062 116,062 114,427 114,427 107,883 107,883  

 R-squared 0.005 0.005 0.005 0.749 0.749 -0.000 -0.000  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 2.929*** 2.957*** 2.967*** -0.850** -0.841** -

5.084** 

-4.997**  

  (0.154) (0.155) (0.155) (0.334) (0.333) (7.703) (7.609)  

 Capital Intensity   -0.004  0.020**  0.021***  

    (0.003)  (0.007)  (0.007)  

 Constant 15.007*** 15.050*** 14.629*** -

0.155*** 

-

0.163*** 

   

  (2.031) (2.032) (2.032) (0.010) (0.011)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      10.312 10.317  

 First stage: Share of foreign workers 

IV Coeff 

     1.089** 

(0.716) 

1.089** 

(0.716) 

 

 N 112,860 112,860 112,860 111,235 111,235 110,537 110,537  

 R-squared 0.010 0.010 0.010 0.749 0.749 -0.011 -0.011  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

Enclaves 

 

 Robustness test 

Non-EU 

Enclaves: Region excluded: Inner London (East) and Outer London (West and North West) 

 

  OLS OLS OLS FE FE IV IV  

 Dependent variable: log of TFP (1) (2) (3) (4) (5) (6) (7)  

          

 Share of foreign workers 1.966*** 1.968*** 1.994*** 0.122 0.124 -

5.433*** 

-

5.396*** 

 

  (0.038) (0.038) (0.038) (0.402) (0.401) (1.493) (1.477)  

 Capital Intensity   -0.010***  0.010  0.010  

    (0.002)  (0.007)  (0.007)  

 Constant 16.729*** 16.742*** 16.921*** -

0.153*** 

-

0.157*** 

   

  (1.798) (1.799) (1.798) (0.020) (0.018)    

 Industry Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Region Fixed Effects No Yes Yes Yes Yes Yes Yes  

 Year Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 Firm Fixed Effects Yes Yes Yes Yes Yes Yes Yes  

 First stage: KP F-stat on Instrument      28.709 28.694  

 First stage: Share of foreign workers IV 

Coeff 

     -

0.836*** 

(0.156) 

-

0.836*** 

(0.156) 

 

 N 138,843 138,843 138,843 136,742 136,742 136,044 136,044  

 R-squared 0.018 0.018 0.018 0.751 0.751 -0.009 -0.008  

Robust standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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