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a b s t r a c t 

We study the firm-level responses to a substantial increase in transportation costs in the wake of a quasi- 

experiment that introduced tolls in a subset of Portuguese highways. Exploiting a unique dataset encompassing 

the universe of Portuguese private firms, we find that the introduction of tolls caused a substantial decrease in 

turnover ( −10 . 2 %) and productivity ( −4 . 3 %) in treated firms vis-à-vis firms in the comparison group. In response 

to the tolls, firms substantially cut employment-related expenses and purchases of other inputs. Labor costs were 

reduced by both employment cuts and a decrease in average wages. While firms did not increase inventory, there 

is some evidence for increased firm exit, in particular by firms in tradables sectors. 
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. Introduction 

Transport infrastructure is key to economic development. Not only

oes it allow for the circulation of people, it is also fundamental to

he physical exchange of goods. At the same time, transport infrastruc-

ure is rather expensive. Thus, it is essential to understand the rela-

ionship between transport infrastructure and economic outcomes in

rder to adequately design transport policy. While studies on the ef-
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ect of transport infrastructure on aggregate economic outcomes are

bundant ( Redding and Turner, 2015 ), micro level studies on the ef-

ect of transport infrastructure on firm performance are rather lim-

ted ( Holl, 2016 ). 2 This paper contributes to the literature by taking

 deep and comprehensive look into the firm-level behavioral responses

o a massive transportation cost shock. Making use of a unique micro-

evel data set encompassing the whole universe of Portuguese private

rms with precise geo-location for more than 120 thousand postal code
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evels, we rigorously analyze how introducing tolls on previously toll-

ree highways affects various dimensions of firm performance. Impor-

antly, we also examine how firms react to mitigate the adverse effects

f the transportation cost shock. 

Estimating the causal effect of transport infrastructure on economic

utcomes is not straightforward, as this kind of infrastructure is usually

ot randomly assigned. Therefore, it is hard to pinpoint if firm-level out-

omes vary due to the change in transportation costs or due to other,

nobserved, characteristics. A common solution in the literature for this

ndogeneity problem is to use an Instrumental Variable (IV) or the in-

onsequential places approach ( Redding and Turner, 2015 ). Although

ess common, some papers alternatively rely on a natural experiment. 3 

he latter is exactly what we do in this paper. 

The SCUT highway system started being built in 1990 and came into

ompletion in 2008 in Portugal. Portuguese authorities made this net-

ork toll free for its users, hence the name SCUT ( “S em C usto para o

t ilizador ” or “Without Cost for the User ”). One of the main motiva-

ions behind its conception was to create an alternative network to the

ld and deteriorated (municipal) roads. This new and more modern sys-

em sought to make travelling safer and a lot faster. By the end of 2008,

CUTs accounted for almost 1000 km, nearly a third of the Portuguese

ighway grid at that time (Statistics Portugal, INE, 2008 ). 

All of this changed in 2010. At the onset of the European sovereign

ebt crisis, the Portuguese government was forced to consolidate its fi-

ancial position, cutting spending and increasing revenues (Financial

imes, Wise, 2013 ). Thus, the national budget could no longer sustain

he provision of a toll-free network. Tolls were then introduced in two

aves, first by the end of 2010 and, then, by the end of 2011. 

This event provides us with a unique natural experiment, which al-

ows one to study the impact of an exogenous variation of transporta-

ion costs on firm related outcomes. 4 Tolls were introduced purely out

f the need to balance the government budget. In other words, this de-

ision was made without special consideration of the firms (or munic-

palities) affected by the decision. Two earlier studies used the same

atural experiment to assess the impact of an unexpected introduc-

ion of road tolls on road safety and regional economic performance.

ereira et al. (2021) show that the introduction of tolls led to an in-

rease of the number of (light) accidents and road injuries, whereas

udretsch et al. (2020) find that it negatively impacted macroeconomic

utcomes (numbers of firms and employment) in the affected munic-

palities. The current paper goes well beyond previous research, mak-

ng use of a novel firm-level micro dataset, encompassing more than

00,000 firms, merged with precise geo-location such that we are able

o compute the distance to the nearest SCUT highway entry point. We

nvestigate the medium-run impact of tolls on different firm-level perfor-

ance indicators (including turnover, profits, and labor productivity),

nd we analyze a wide array of firms’ adaptation strategies. 

Our findings provide important insights into the various firm-level

ffects and behavioral responses to a massive transportation cost shock

hat are new to the literature. In our baseline model, we define treated

rms as those that are closer (i.e., those in the first quintile of distance)

o a SCUT highway and find that the introduction of tolls caused a 10.2%

ecrease in turnover and a 4.3% decrease in labor productivity in these

rms vis-à-vis firms in the remaining, more distant, areas. Profits were

ot affected, suggesting that the firms were able to pass through the

urden of tolls (at least partly) to other economic agents. 
3 For some examples of papers which also use a natural experiment as 

ource of exogenous variation in infrastructure see Martincus et al. (2014) ; 

artincus and Blyde (2013) , and Brooks and Donovan (2020) . 
4 In Portugal, the transportation of goods is mainly done through road trans- 

orts. According to Statistics Portugal (2015) , in 2010, 76% of goods were deliv- 

red via road transportation. Moreover, there were no changes in the provision 

r in the capacity of railroads in this period. Municipal roads were also constant 

n our sample period. 
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An innovative feature of our paper is how it carefully analyzes sev-

ral measures by which the firms could adapt to the transportation cost

hock. An obvious reaction is cost cutting. We find that treated firms sig-

ificantly reduced their total expenses by 8%, on average. The shock led

o a cut of similar magnitudes in the purchase of goods and services as

ell as in employment related expenses. Employment cost cutting was

eached by a combination of reduced full-time employment and lower

verage wages. 

Firms could also adapt by changing their sales strategy, focusing on

ales markets in which the transport cost increase on domestic (SCUT-)

ighways plays a lesser role. Here we find that domestic turnover and

xports to the EU were reduced in a similar order of magnitude. By con-

rast, exports to markets outside the EU (the “rest of the world ”) were not

ignificantly reduced, which may be due to the fact that only a smaller

hare of the total transportation costs of overseas goods is affected by

olls on domestic highways. We find no evidence for an increase in in-

entory, but we observe a very small increase in firm exit, namely by

rms which depend strongly on transportation (tradables sectors) and

y low productivity firms. 

The majority of the effects for all these outcomes are felt in the long-

erm, i.e., they are still persistent nine years after the introduction of

olls. Moreover, the results are robust to a wide variety of checks, in-

luding slightly modified definitions of treatment, tests for spillover ef-

ects, the insertion of several vectors of fixed effects, the presence of

lternative highways, and they hold in particular subsamples and using

ifferent empirical specifications. 

The paper is structured as follows. Section 2 briefly surveys

he related literature and details the institutional background, while

ection 3 discusses the conceptual framework. Section 4 presents the

ata and discusses the methodology and possible identification threats.

ection 5 shows how the tolls affected key measures of firm performance

hereas Section 6 presents and discusses firm-level responses to the

ransportation cost shock. Section 7 presents a plethora of robustness

hecks. Section 8 concludes. 

. Literature review and institutional background 

.1. Related literature 

The majority of research on the economic impact of infrastructure

rovision and pricing focuses on the macro (country or region) level

nd looks at macroeconomic variables. Some of the most prominent pa-

ers study the impact of transport infrastructure on population growth

 Baum-Snow, 2007; Michaels et al., 2012; Garcia-López et al., 2015;

aum-Snow et al., 2017; 2020; Jedwab and Storeygard, 2022 ), aggre-

ate trade ( Duranton et al., 2014; Storeygard, 2016; Donaldson, 2018;

o ş ar et al., 2022 ), and GDP/ aggregate income ( Banerjee et al., 2012;

aber, 2014; Jaworski and Kitchens, 2019; He et al., 2020 ). 5 However,

tudies carried out at aggregate levels of analysis provide little insights

nto the actual mechanisms by which improvements or deterioration

f infrastructure affect firm performance ( Haughwout, 2002 ). More-

ver, these studies ignore mobility of firms and responses to local price

hanges caused by modifications in infrastructure provision and pricing

 Holl, 2006 ). 

Against this background, researchers have begun to analyze the ef-

ects of transportation infrastructure on firm-level indicators. Trans-

ortation infrastructure can affect firm performance through several

hannels which is reflected in a variety of empirical approaches. More-

ver, the country context remains important, and the effects found in a

eveloping country context are often larger than those found in a devel-

ped country context. 
5 A related line of research deals with the impact of transport infrastructure 

nd transportation costs on spatial structure ( Baum-Snow, 2020; Behrens et al., 

018 ). 
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8 By 2017, Portugal had the fifth highest motorway density relative to popu- 

lation in the EU ( Rocha et al., 2021 ). 
Many of the earlier studies focused on developed countries.

oll (2012) examines the influence of the Spanish transportation in-

rastructure on firm-level productivity through its effects on market

otential, finding that growth of market access has a positive impact

n firm-level output growth. In follow-up research, Holl (2006) uses a

eo-coded micro-level panel dataset for Spanish manufacturing firms

nd finds an elasticity of productivity with respect to access to high-

ays in the range of 1.3-1.7%. 6 Using firm-level panel data for Britain,

ibbons et al. (2019) estimate the impact of new road infrastructure on

mployment and labor productivity. They measure exposure to trans-

ort improvements through changes in accessibility through journey

imes and find that improving accessibility by 1% leads to a 0.3-0.4% in-

rease in overall employment and 0.2% increase in output per worker.

hile we are not aware of firm-level studies for the US, recent work

y Herzog (2021) on the effects of the US Interstate Highway System

n local economic activity finds that improved market access had large

ffects on employment and modest effects on wages in the long-run. 7 

Several studies suggest that the effects of infrastructure provision

n firm performance are particularly strong in a developing country

ontext. Chauvet and Ferry, 2021 investigate the relationship between

axation and firm performance in developing countries, finding that

axation benefits firm growth in developing countries, especially in

ower-income countries, through the financing of public infrastructure.

arzin et al. (2018) estimate the effect of roads on firms’ output growth

n Colombia, finding elasticities of output with respect to road infras-

ructure ranging from 0.13% to 0.15%, which is larger than what is

ound in comparable work for developed countries. 

There is a body of research that investigates the effects of the Golden

uadrilateral, a large infrastructure project in India with highways es-

ablished from 2001 onwards. Asturias et al. (2019) estimate that this

nfrastructure led to real income gains in the manufacturing sector

f 2.7%, about 7% of which was caused by gains in allocative effi-

iency. Ghani et al. (2016) find that manufacturing output, numbers

f plants, and productivity soared by around 25–45% over 10 years, in

reas within 10 km of the new highways. The effects on firm produc-

ivity increases are confirmed by Abeberese and Chen (2022) . Lastly,

atta (2012) finds that firms in cities affected by the project were able

o reduce their average stock of input inventories by 6–12 days’ worth

f production. 

Transportation infrastructure also impacts trade. Fan et al. (2019) ex-

mine the effects of new highways in China between 1999 and 2010 and

nd that these constructions increased aggregate exports by 10% and

omestic trade by 14%. Duranton (2015) estimates the trade effects of

ajor roads in Colombia, showing that road distance between cities is

 major impediment to trade with an elasticity of trade with respect to

istance of around -0.6. Martincus et al. (2017) use the Inca road net-

ork to evaluate changes in road infrastructure in Peru and estimate

hat about one fourth of growth in firm exports between 2003 and 2010

an be attributed to upgrades of domestic transport infrastructure. 

While these papers focus on infrastructure provision or quality im-

rovements of existing infrastructure, relatively little is known about

he long-term firm-level effects of infrastructure deterioration or per-

anent increases in the price of important transport infrastructure.

artincus and Blyde (2013) make use of the 2010 earthquake in Chile

hat made several roads impassable as an exogenous source of varia-

ion in available infrastructure and thereby in transport costs. They find

hat diminished transportation infrastructure had a significant negative
6 In related work, Holl and Mariotti (2018) use detailed geo-referenced data 

o study the effects of highway development on firm-level performance in the 

panish logistics sector and show that highways have significant effects on firm 

erformance, although with important spatial heterogeneity. 
7 From 1953 to 2010, a standard deviation rise in an average county’s market 

ccess growth increased their employment growth by a quarter of a standard 

eviation and increased their wage growth by one seventh of a standard devia- 

ion. 

t

(

c

i

b

s

4

t

3 
mpact on firms’ exports. In addition, Martincus et al. (2014) exploit ex-

genous variation in transportation costs resulting from the temporary

losure of the main bridge connecting Uruguay and Argentina, conclud-

ng that a 1% increase in transport costs results in a 6.5% reduction in

rms’ export values. 

The effects of natural disasters or vanishing bridges are, however,

ot directly comparable to the introduction of road tolls, as they led to

 complete closure of the affected roads and are temporary in nature,

hereas road tolls – such as the tolls on SCUT highways in Portugal

often have a long-run duration which makes it more likely that they

ave long-term effects as well. Research on the firm-level effects of road

olls is very scarce. Although there exist some papers headlining that

oad tolls can have effects on travel decisions and traffic levels ( Meland

t al., 2010; Díez-Gutiérrez et al., 2019 ), these papers do not investi-

ate the economic consequences of the tolls. The few papers that study

conomic effects of road tolls focus on regional-level effects rather than

rm-level effects. Recent examples include Chen and He (2015) study-

ng the effect of road tolls on provincial GDP growth and inter-regional

rade in China, and Audretsch et al. (2020) studying the effect of road

olls on the number of firms and regional employment in Portugal. 

.2. Institutional background 

Since joining the EU in 1986, Portugal invested substantial resources

o close the gap with the core of Europe in terms of road infrastructure

 Fernandes and Viegas, 1999; Melo et al., 2022 ). 8 The large scale of

ublic funding allocated to transportation infrastructure and the rapid

evelopment of the Portuguese highway system makes Portugal an ideal

ase study to examine the economic effects of transportation infrastruc-

ure and has triggered a lot of important and insightful research (see, for

nstance Audretsch et al., 2020; Holl, 2004; Melo et al., 2022; Pereira

nd Andraz, 2005; Rocha, Melo, Afonso, de Abreu e Silva . During the

990s, however, these investments became a heavy financial burden.

he need to guarantee the necessary funds without breaching the EU

ules on member state budget deficits spurred the cooperation with pri-

ate enterprises through public private partnerships (PPPs) to expand

nd operate road infrastructures ( Fernandes et al., 2005 ). In 1997, a

ew kind of PPP scheme was introduced: a system of modern, toll-free

ighways, the so-called SCUTs (acronym for “Sem Custos para o Uti-

izador ”/without costs for the users). 9 Private investors were ensured

 long-term rent paid by the central government budget based on the

raffic volume and operation standards ( Sarmento, 2010 ). 10 

This new PPP scheme allowed for a swift expansion of the highway

ystem in Portugal at low initial costs for the public sector, and helped

ut average travel time between Lisbon and the Spanish border (as well

s between the capital and some areas) by more than 40%. However,

hese large investments also generated a severe pressure for the coun-

ry’s budget over the next 25–30 years ( Sarmento, 2010; Santos and

antos, 2012 ). The SCUT highways were constructed between 1990 and

008 (and mostly in the 1990s) at a cost of about 3 billion euros, and

over nearly 1000 km, i.e., about one-third of the total Portuguese high-

ay system. The geographical distribution of the SCUT and non-SUCT

ighways can be seen in Fig. A.1 in the Appendix. 
9 According to the Court of Accounts, these projects were financed essentially 

hrough loans from commercial banks (45%), the European Investment Bank 

40%), and equity (12%). Fernandes et al. (2016) compute that the financing 

osts of SCUT highways are, on average, 370 basis points above the cost of rais- 

ng public debt. Moreover, they argue that the transaction costs (which include 

anking fees and diligence costs and the impact of all cash distribution traps, 

uch as reserve accounts or minimum-level of debt ratios) account for around 

0% of that financial premium. 
10 The same rationale can be found, for example, in the UK, Spain, and Aus- 

ralia. 
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In the course of the European sovereign debt crisis, the financial

train on the central budget became so tough that the Portuguese au-

horities had no choice but to enforce sizeable tolls on the formerly

oll-free SCUT highways. As the Financial Times wrote, “To help keep

ortugal’s 78bn bailout on track, the government has been forced to in-

roduce charges on more than 900 km of roads where there was pre-

iously none ” (Financial Times of 25 August 2013). When the tolls

ere established in 2011, the price was 9 cents/km for cars, which was

lightly higher than for the other highways ( Audretsch et al., 2020 ) –

nd the cost increase for larger vehicles was even more substantial. In

010, the President of the National Association of Public Road Trans-

orters of Goods (ANTRAM) stated that the owner of a truck that circu-

ated daily in the areas of the newly-tolled SCUT highways could face

 monthly cost increase in the order of 2500 euros. 11 This massive cost

ncrease had a substantial adverse impact on traffic and implied that

any commercial users shunned the SCUT highways and increasingly

sed slower alternative options such as municipal roads. According to

 study by the Institute for Road Infrastructures, traffic along the SCUT

ighways decreased substantially between the first quarter of 2011 and

he first quarter of 2012. There were no noteworthy congestion cases

n the SCUTs highways when tolls were introduced (INIR, 2011). This

hock was purely driven by financial reasons and did not consider lo-

al conditions. The mayors of the SCUTs regions were against the in-

roduction of tolls (even those who belonged to the same party as the

ational government), and there were massive protests from the local

opulations. 12 

With the improvement of the financial conditions, and in reaction to

he decrease in traffic and the widespread criticism in the public, the

ew Portuguese socialist government decided to cut back the tolls on

CUT highways by 15% from 1 August 2016 onwards. This decision was

upported by a report from the public entity responsible for managing

he road infrastructure that estimated that decreasing the tolls by 15%

ould increase public revenues. 13 

. Conceptual framework 

This paper contributes to the literature on firm-level effects of trans-

ort infrastructure in several ways. Whereas the majority of research

nvestigates the effects of infrastructure provision, the focus of this pa-

er is on a price shock, i.e. a strong increase in the price of an already

xisting road infrastructure. Moreover, most of the above-mentioned pa-

ers on firm-level effects of transport infrastructure just look at single

ndicators of firm performance. A fact that is often overlooked is that

rms can adapt to changes in the availability, price, and quality of in-

rastructure. Through adaptation measures, firms can influence to what

egree they will be affected by disruptions. Adaptation measures can

nhance their resilience and decrease the negative impact of the loss of

nfrastructure services ( Kajitani and Tatano, 2014 ). Hence, to develop a

etter and more complete understanding of the complex firm-level ef-

ects of an infrastructure shock, it is not enough to look at the changes of

ingle indicators of firm performance, but it is necessary to investigate

he behavioral responses (adaptation measures) that firms have at their

isposal as well. 

To fill that gap we proceed in the following way: we begin with an

ssessment of firm-level performance measures that serve as a bench-

ark to help us compare our findings with the existing literature. In a

econd step, we expand the scope of the analysis to include firm-level

daptation, which is clearly an underexplored topic. This second step is

ot only important to draw a more complete picture of firm-level effects,
11 Source: https://cnnportugal.iol.pt/economia/camioes/scut-portagens- 

ustam-2-500-euros-por-mes-a-cada-camiao . 
12 See, for instance, https://www.jornaldenegocios.pt/empresas/transportes/ 

etalhe/parlamento-rejeita-fim-das-portagens-na-via-do-infante . 
13 See, for instance, https://www.tsf.pt/economia/descer-portagens-nas- 

ntigas-scut-e-bom-negocio.html . 
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ut also to better understand whether firms are able to pass through the

urden of the tolls – at least partially – to others, e.g., their employees

r suppliers. 

We analyze three related measures of firm performance in Section 5 :

urnover (output), firm profits, and productivity. Turnover and prof-

ts appear as natural measures in this context because highway tolls

re likely to affect both of them directly. Assume that each firm pur-

ues a number of projects ordered by decreasing expected profitabil-

ty. All projects that yield a profitability larger than or equal to zero

ill be pursued, whereas projects with (expected) negative profitability

re cancelled. All else equal, the increase in transportation costs ren-

ers non-profitable some of the projects that were profitable before the

ntroduction of tolls. As a consequence, a reduced number of projects

s pursued and turnover is expected to decrease. Without any further

daptation measures, firm profits are expected to decrease as well as

he number of profitable projects goes down and the profit margin of

he remaining projects is lowered by the tolls. The potential effects of

ighway tolls on firm-level productivity are complex and the net-effect

s difficult to predict. Transport cost changes can affect market size as

ell as the intensity of competition on goods markets ( Holl, 2016 ). A

ransport cost shock can reduce market size, disturb the efficiency of

ooperation with distant value chain partners, and reduce the intensity

f competition, all of which tend to lower productivity. On the other

and, tolls might trigger a re-organization of production and induce

ther firm-level adaptation measures (discussed below) that might boost

roductivity. 

Potential firm-level adaptation measures are manifold, and it is im-

ossible to capture them completely. 14 Nevertheless, our unique firm-

evel dataset allows us to study several key measures in Section 6 , in-

luding input cost cutting to suppliers and workers, changes of trade

estinations, changes in inventory, and decisions to exit the market. 

The most obvious reaction to an infrastructure price shock is cost

utting. Firms could try to shift the burden of the highway tolls – at

east partly – to their suppliers or employees. We thus study the devel-

pment of firm expenses after the shock, giving particular attention to

he purchase of goods and services input and to the evolution of labor

osts in terms of employment numbers and wages. 

Firms can also adapt through changes in their sales strategy, by fo-

using on sales markets for which the transport cost increase on do-

estic (SCUT-) highways plays a lesser role. Therefore, we separately

nalyze how the tolls have affected firms’ domestic sales, their propen-

ity to export, as well as their level of exports to the EU and to the rest

f the world. 

Changing inventory is another possible adaptation measure. In the

mpirical literature there is evidence for a decrease in inventory fol-

owing the provision of rail or road infrastructure ( Shirley and Winston,

004; Datta, 2012; Li and Li, 2013 ). One might argue that a road price

hock works in the opposite direction and could thus lead to an increase

n inventory. However, things are complicated by the fact that reducing

nventory is relatively easy, whereas building up new inventory often

equires investment which might be prohibitively expensive. 

Finally, the strongest firm-level reaction to a road price shock could

e leaving the market (exit) or re-location. 15 Such a strong reaction is

nlikely to happen for the majority of firms, but it could make sense

or firms that are particularly dependent on road infrastructure or that

ad underperformed before the treatment set in (e.g., low productivity

rms). We thus study market exit, distinguishing between firms in the
14 We are unable to analyze whether firms could pass through the burden of the 

olls by increasing consumer prices. However, given that the large majority of 

rms in Portugal are small ( Cabral, 2007 ), it is rather unlikely that they dispose 

f enough market power to set prices on consumer markets. 
15 One limitation is that we are not able to observe if an entrepreneur decides 

o close a firm in a given municipality and open a different firm in another area. 

igueiredo et al. (2002) show that Portuguese entrepreneurs tend to have a 

trong home-bias in deciding where to locate their firms. 

https://cnnportugal.iol.pt/economia/camioes/scut-portagens-custam-2-500-euros-por-mes-a-cada-camiao
https://www.jornaldenegocios.pt/empresas/transportes/detalhe/parlamento-rejeita-fim-das-portagens-na-via-do-infante
https://www.tsf.pt/economia/descer-portagens-nas-antigas-scut-e-bom-negocio-para-o-estado-5208060.html
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Table 1 

Descriptive statistics for treatment and comparison groups in the baseline model (2006–2019). 

Comparison Treated 

Key variables Mean Std. Dev. N x T Mean Std. Dev. N x T 

Firm Performance 

Turnover 1,077,169 25,876,691 3,003,375 901,906 16,562,361 752,058 

Profits (EBT) 49,348 4,826,669 3,003,375 44,309 2,184,065 752,058 

Labor productivity 97,212 1,534,499 2,254,415 93,095 1,511,116 567,987 

Firm Behavior 

Total expenses 1,131,480 27,122,302 3,003,375 943,963 17,734,916 752,058 

Full-time paid employment 8.7 85.3 2,673,493 8.1 74.4 670,177 

Average Wage 10,482 9232 2,254,415 10,265 8299 567,987 

Domestic turnover 870,171 20,398,018 3,003,375 714,718 15,483,267 752,058 

Exports 206,998 9,502,263 3,003,375 187,188 4,431,693 752,058 

Inventory 221,386 2,609,658 3,003,375 211,276 1,882,638 752,058 

Prob of exit 0.037 0.190 3,952,315 0.039 0.194 993,879 

Notes: Profits are proxied using earnings before taxes. All indicators, with the exception of Probability of exit, are 

measured for the firms that existed in 2010. Descriptive statistics for the secondary variables studied in this paper 

are shown in Table A.2 in the Appendix. 
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radable and non-tradable sectors on the one hand and between (pre-

reatment) high- and low-productivity firms on the other hand. 

. Data and empirical approach 

.1. Data and variables 

For the purpose of this study, we combine several datasets. The firm-

evel information comes from the Central Balance Sheet , and is harmo-

ized and made available to researchers by BPLim – Banco de Portugal . 16 

t consists of a wealth of economic and financial information on virtually

ll private non-financial firms in the country, including but not limited

o location, financial balance sheet indicators, number of employees,

nd size. This extensive dataset comprises all private firms with activity

n Portugal during the period of 2006 to 2019. The firms’ participation

n the underlying surveys is mandatory and non-compliance is penal-

zed. 17 

We focus on the 339,150 unique firms that exist in 2010 and fol-

ow them before (possibly since 2006) and after (possibly until 2019)

he shock. Thereby we avoid possible confounding effects from firms

hat exited before the treatment set in, or firms that entered after the

reatment only. 18 

This unique micro dataset allows us to perform an in-depth analysis

f the effects of a sharp and unexpected increase in transportation costs

n different firm-level performance indicators and a careful analysis of

rm-level adaptation measures as outlined in Section 3 . Table 1 presents

he descriptive statistics for the key variables in the full sample period,

hile the definitions of all variables are detailed in Table A.1 in the

ppendix. 19 

In Section 5 , we consider three key indicators of firm performance.

urnover is defined as the amount of sales of goods and services after

ny allowances, discounts, and returns are considered. Our measure of

rofitability – EBT or taxable income – is defined as earnings before

axes, but after interest payments, depreciation, and amortisation. Labor

roductivity is measured as sales revenues divided by workers. 
16 The data in this database is collected through Simplified Business Informa- 

ion (IES - Informação Estatística Simplificada) since 2006. IES is an annual report 

hat must be filled online by firms. The quality of this data is then monitored by 

tatistics Portugal who check with respondents on a regular basis. Researchers 

an access the dataset in https://bplim.bportugal.pt/ 
17 Only firms in mainland Portugal are considered, hence corporations from 

adeira and Azores are not part of the analysis. 
18 Note that not all firms have observations for all the years in this period. 
19 For anonymity reasons, we are only allowed to show the mean and standard 

eviation but not the maximum and minimum values. 
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In Section 6 , we investigate different dimensions of firm behavior in

esponse to the transportation cost shock. We start by assessing whether

rm expenses changed after the shock. Moreover, we analyze the costs

ssociated with goods purchased and material consumed, and with the

upplies of external services. We also analyze the consequences of the

ransportation cost shock for firms’ employees investigating changes of

full- and part-time) employment and average wages in response to the

hock. 

We then examine how domestic turnover and international trade

ere affected by the increase in highway tolls. We distinguish between

he turnover destined to the domestic market and exports, separating

hose from the European Union (EU) and the rest of the world. This rich

ataset further allows us to study changes in inventory and whether en-

repreneurs decide to exit from the market in response to the increased

osts. 

We combine the firm-level information with the road distance to the

losest SCUT highway ramp, computed using the 2010 road network

rid as provided in Rocha et al. (2022) . This is undertaken through

PLim – Banco de Portugal , which uses the precise geolocation of each

ndividual firm, at the postal code level. There are 120,925 7-digit postal

odes in mainland Portugal. Due to anonymity reasons, we do not have

ccess to the postal codes directly, only to the distances from each postal

ode centroid to the closest SCUT highway ramp, measured in km. 

In the robustness section, we complement the firm-level data with

nnual administrative municipal-level information, for all the 278 main-

and municipalities, which allows us to control for time-variant covari-

tes. These comprise a proxy for agglomeration (population density) as

ell as two proxies for municipal wealth (mean value of traded real

states and withdrawals on automated teller machines per capita) and

otal municipal expenditures. Data on agglomeration was retrieved from

tatistics Portugal, municipal wealth indicators were retrieved from

IBS company and Statistics Portugal, and administrative data on town

all expenditures was acquired from Direção Geral das Autarquias Lo-

ais (DGAL) . 20 Table A.3 in the Appendix presents the municipal-level

escriptive statistics. 

.2. Empirical strategy 

The validity of our strategy relies on the fact that the introduc-

ion of tolls on SCUT highways was forced by an exogenous shock (the

overeign debt crisis) upon the Portuguese political authorities. Being

 national matter, municipal authorities played no role in this decision
20 SIBS data was used in recent papers such as dos Santos et al. (2021) and 

arvalho et al. (2022) . 

https://bplim.bportugal.pt/
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or were they able to directly intervene. 21 At the same time, there was

o discrimination nor favoritism towards particular regions. 22 

We estimate the effect of an increase in transportation costs on out-

ome 𝑦 using the following difference-in-differences specification for

nit of analysis firm 𝑓 , in municipality 𝑚 , in NUTS 2 region 𝑛 , and year

 , during the period 2006–2019, according to: 

 𝑓𝑚𝑛𝑡 = 𝛼𝑓 + 𝜆𝑛𝑡 + 𝛾𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 𝑓 × 𝑃 𝑜𝑠𝑡𝑃 𝑒𝑟𝑖𝑜𝑑 𝑡 + 𝜖𝑓𝑚𝑛𝑡 (1)

here 𝛼𝑓 denotes firm fixed effects and 𝜆𝑛𝑡 represents NUTS 2- year fixed

ffects. 23 The coefficient of interest is 𝛾, which gives us the treatment

ffect. Robust standard errors are clustered at the municipal-level (in

010) to correct for heteroskedasticity and autocorrelation ( Bertrand

t al., 2004 ). 

Outcome variables 𝑦 , discussed above, can either be integers, shares,

r binary indicators. In the case of integers and shares, we use the in-

erse hyperbolic sine transformation, a technique which approximates

he natural logarithm of the variable, but presents an important ad-

antage as it allows retaining zero or negative-valued observations

 Bellemare and Wichman, 2020 ). 24 When the outcome variable is a bi-

ary variable, we compute a linear probability model. 

We define treated firms as those that are closer to a segment of

he SCUT highway network, namely in the first quintile of the distance

o these infrastructures (on average, 3.4 km from the postal code cen-

roid until the closest SCUT highway ramp, and at most 6.2 km). 25 The

 𝑟𝑒𝑎𝑡𝑒𝑑 variable thus takes the value one for firms in the treatment

roup and zero for all other firms. 26 The balance table Table A.4 in the

ppendix shows that there are no statistically significant differences in

he pre-treatment (2006–2010) averages of all the main variables in the

reatment and comparison groups. We show the geographical distribu-

ion according to our treatment definition in Fig. 1 . 

We define 𝑃 𝑜𝑠𝑡𝑃 𝑒𝑟𝑖𝑜𝑑 as a binary indicator that equals one from

011 onwards. It is important to highlight that, in some SCUT high-

ays, tolls were introduced on the 15th of October 2010 while in oth-

rs, the rise of tolls occured on the 8th of December 2011. Recent

evelopments in the difference-in-differences literature discuss chal-

enges in designs that exploit staggered treatments ( Goodman-Bacon,

021; De Chaisemartin and d’Haultfoeuille, 2020; Athey and Imbens,

022 ). However, the no-anticipation of effects assumption discussed,

nter alia, by Callaway and Sant’Anna (2021) ; Borusyak et al. (2021) ;

oth et al. (2022) is clearly violated in the Portuguese case, precluding

s from exploiting staggered effects, as agents understood, when the

rst set of tolls were implemented, that the remaining toll-free high-

ays would also be treated – and therefore, they possibly reacted be-

ore the second wave of tolls. In fact, several news articles document

hat the Government announced well in advance the new second round
27 
f tolls. 

21 Even though there were huge protests made by SCUT highway users 

nd local mayors, they had no saying in this decision. (See https://www. 

ornaldenegocios.pt/empresas/transportes/detalhe/municipios_e_utentes_ 

erdem_accoes_contra_portagens ). 
22 Audretsch et al. (2020) point out that there was no political attempt to favor 

unicipalities aligned with the parties in central government. 
23 Gabriel et al. (2022) show that the allocation of European funds is important 

or business firms dynamics in Portugal. Since this allocation is done at the 

UTS2-level, using regional-year fixed effects can help accounting for this effect. 
24 In the robustness section, we show that the effects are robust to a logarithm 

pecification or in levels. 
25 Audretsch et al. (2020) and Pereira et al. (2021) use a similar identification 

trategy, but both identify treatment at the municipal-level. A previous version 

f this paper also used this definition and results were very similar. 
26 In the robustness section, we show that the effects are robust to using other 

efinitions of the treatment, including the first sixtile or the first quartile of 

istance. 
27 See, for example, https://www.publico.pt/2010/06/30/politica/noticia/ 

overno-propoe-portagens-nas-outras-scuts-a-partir-de-2011-1444581 . 
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The internal validity of a difference-in-differences estimation model

elies on the parallel trends’ assumption ( Angrist and Pischke, 2008 ).

his assumption states that in absence of treatment, the average out-

ome of the treatment group would have changed with a similar trend

s the average outcome of the comparison group. For a careful test on

he validity of the parallel trends’ assumption, we rely on event study

esigns for the main outcome variables. An event study has two main

dvantages. First, it allows us to observe whether the strength of the

reatment varies with time. Second, it provides a more rigorous test on

hether the common trend assumption holds in the pre-treatment pe-

iods (i.e., 2006–2009 in our sample). The estimating equation for the

vent study of firm 𝑓 , in municipality 𝑚 , NUTS 2 region 𝑛 , and year 𝑡 is:

 𝑓𝑚𝑛𝑡 = 𝛼𝑓 + 𝜆𝑛𝑡 + 

2009 ∑

𝑡 =2006 
𝜓 𝑡 𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 𝑓 ⋅ 𝑌 𝑒𝑎𝑟 𝑡 

+ 

2019 ∑

𝑡 =2011 
𝜓 𝑡 𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 𝑓 ⋅ 𝑌 𝑒𝑎𝑟 𝑡 + 𝜖𝑓𝑚𝑛𝑡 (2) 

nd all variables are defined as before. The coefficients of interest are

, capturing the dynamic effects of the treatment, before and after the

ntroduction of tolls in SCUT highways. Notice that in Eq. (2) all inter-

ctions are included, except for 2010. This way, all the coefficients are

stimated in relative terms to that year. 

.3. Heterogeneity 

We exploit the heterogeneity in our sample to shed light on the po-

ential mechanisms driving our results. We divide the universe of Por-

uguese private firms between tradables and non-tradables sectors, as

efined in Amador and Soares (2012) and Gouveia and Canas (2016) .

n principle, firms in tradables sectors may be more strongly affected by

he tolls than firms in non-tradables s as they tend to be, on average,

ore reliant on transportation. 

We also run triple difference-in-differences specifications accouting

or pre-treatment labor productivity. More specifically, we compare the

east productive firms (first quintile of the distribution in 2010) and the

ost productive firms (fifth quintile of the distribution in 2010) with

he remaining firms (second to fourth quartiles). 

.4. Identification threats and robustness 

We perform a battery of difference-in-differences robustness checks –

he results of which will be discussed in Section 7 – to assure the reliabil-

ty of our results. First, in our baseline estimates, we define treated firms

o be those in the first quintile of distances to SCUT highway ramps. We

elax this assumption by considering either a larger set of treated firms

in the first quartile of distance – on average 4.1 km and at most 8.1 km)

r a smaller set of treated firms (in the first sixtile of distance – on aver-

ge 2.95 km and at most 5.2 km). Note that Portugal is a small country

nd SCUT highways cover a significant portion of the territory. There-

ore, it is not surprising that distances in these two alternatives are not

o different from distances in the baseline (on average 3.4 km and at

ost 6.2 km). 

Second, classical difference-in-differences regressions can produce

iased estimates for the average treatment effect if treatment crosses to

order regions ( Butts, 2021 ). For this reason, we perform a robustness

est adding one ring to our baseline interaction coefficient (i.e, the sec-

nd quintile of distance to SCUT highways – on average 13 km and at

ost 24.5 km). If the second coefficient is non-statistically significant

hile the first remains its significance, this indicates that treatment ef-

ects are concentrated in the treated area and do not contaminate neigh-

oring areas to a significant degree. 

Third, we modify our econometric specification to include more de-

anding fixed effects and a vector of municipal-level controls. One im-

ortant threat to our identification strategy arises if there are other

https://www.jornaldenegocios.pt/empresas/transportes/detalhe/municipios_e_utentes_perdem_accoes_contra_portagens
https://www.publico.pt/2010/06/30/politica/noticia/governo-propoe-portagens-nas-outras-scuts-a-partir-de-2011-1444581
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Fig. 1. Treatment and comparison areas. 

Notes: The definition of the treatment area com- 

prises 20% of the firms that are closest to a 

SCUT highway ramp measuring location at the 

7-digit postal codes centroids. For the spatial 

distribution of SCUT and non-SCUT highways 

see Fig. A.1 in the Appendix. 
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28 We acknowledge that controlling for municipal level covariates could also 

be problematic, as they can also respond to the treatment ( Sant’Anna and 

Zhao, 2020 ). Nevertheless, the results are remarkably similar with and with- 

out these controls. 
ontemporaneous shocks than the treatment that occur during the time

eriod under analysis. Our time period includes the European Financial

risis, which forced the Portuguese government to request international

nancial assistance. Given that this crisis might have had heterogeneous

ffects, depending on the geography, we test whether our baseline re-

ults hold if we substitute NUTS 2- year fixed effects (5 regions) by NUTS

- year fixed effects (25 regions). On top of this, in some specifications,

e also include a vector of municipal-level yearly controls, discussed

bove, to further take into account potential differences in the economic
7 
evelopment context of these regions. 28 In addition, we also challenge

ur baseline results by adding NUTS 2- year fixed effects, and sector

f activity- year fixed effects. Note that this is an extremely demanding
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Fig. 2. Event studies – firm performance. 

Notes: The first two variables are measured using the inverse hyperbolic sine transformation. Graphs were computed with Firm and NUTS 2 × Year fixed effects. The 

90% confidence levels are calculated using clustered standard errors at the municipal level. 
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pecification as we use 5-digit sector of activity classifications compris-

ng 816 groups. 

Fourth, we run a horse race between our treatment difference-in-

ifference effect of distance to nearest Scut highways and the first quin-

ile of distance to all other (Non-SCUT) highways. In theory, even though

ll these alternatives were already available at the beginning of our sam-

le period, some firms might potentially mitigate the negative effects of

he shock by increasing the use these infrastructures. Furthemore, as

an be seen in Fig. A.1 in the Appendix, the only treated firms that find

lternative (Non-Scut) highways in acceptable distance are those in the

oastal Northwest of Portugal. Therefore, as a further robustness check

e restrict our analysis to firms in the four districts in the northwest

orner (Viana do Castelo, Braga, Porto, and Aveiro) where alternative

on-SCUT highways are available. 

Fifth, we show that our results are robust to the exclusion of certain

roups of firms. We start by analyzing only single-establishment firms,

hich constitute the large majority of our sample excluding some very

ig firms. We then show that dropping firms in the 18 municipalities

hat are district capitals, i.e., more urban areas that are important poles

f attraction at the regional level, and removing all firms in the Lisbon

UTS 3 area does not challenge our conclusions. 29 We also include an

nalysis with the dependent variables winsorized at 90% and a balanced
29 In 2003, the Portuguese municipalities were allowed to organize themselves 

nto inter-municipal communities and the two metropolitan areas of Lisbon and 

orto. Since then, administrative, financial, and political competencies have 

een transferred to these entities. Districts in mainland Portugal still serve as 

 basis for electoral constituencies. 
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ample, considering only firms that remain in our dataset from 2006 to

019. 

Finally, for the main dependent variables in levels that are com-

uted using the inverse hyperbolic sine transformation, we show that

esults are similar when we use the logarithmic transformation adding

 small positive number. Recent contributions by Mullahy and Nor-

on (2022) and Chen and Roth (2022) , however, showed that both ap-

roaches may raise concerns, especially if the outcome variables have

 significant share of zeros (which is not the case for the considered

utcomes, with the exception of exports). In any case, we run the OLS

ifference-in-differences in levels, as suggested by these econometri-

ians. 

. Firm performance 

.1. Baseline results 

We present the event study estimates for three key measures of firm

erformance, computed as in Eq. (2) , in Fig. 2 : firm turnover (in panel

), Earnings before taxes, a proxy for profits (in panel b), and labor pro-

uctivity (in panel c). For all these indicators, our results corroborate the

arallel trends assumption, suggesting that there are no significant dif-

erences between the treatment and the comparison group in the years

006–2009 before the treatment set in. 

We find that treated firms (i.e. firms in the first quintile of distance

o the SCUT-highways) when compared with firms in comparison areas,

xperienced a significant reduction in their turnover, which is still per-

istent after nine years. Interestingly, this did not translate into lower
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Table 2 

Firm performance deteriorated with the introduction of tolls. 

Total revenues Turnover Services Profits Net income Labor productivity 

(1) (2) (3) (4) (5) (6) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.105 ∗ ∗ ∗ − 0.102 ∗ ∗ ∗ − 0.102 ∗ ∗ ∗ − 0.041 − 0.045 − 0.043 ∗ ∗ ∗ 

(0.038) (0.037) (0.034) (0.078) (0.071) (0.013) 

Firm FE Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y 

𝑁 × 𝑇 3,753,863 3,753,863 3,753,863 3,753,757 3,753,755 2,812,764 

𝑅 2 0.680 0.688 0.767 0.415 0.402 0.597 

Notes: Profits are proxied using earnings before taxes. Standard errors in parenthesis are clustered at the municipal level. 

Outcome variables are measured using the inverse hyperbolic sine transformation. Asterisks indicate significance levels 

of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Table 3 

Heterogeneity: performance indicators - non-tradables vs. tradables. 

Turnover Profits Labor productivity 

NT T NT T NT T 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.068 ∗ − 0.185 ∗ ∗ ∗ 0.055 − 0.251 ∗ ∗ − 0.034 ∗ ∗ ∗ − 0.055 ∗ ∗ ∗ 

(0.039) (0.044) (0.080) (0.106) (0.012) (0.018) 

Firm FE Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y 

𝑁 × 𝑇 2,729,479 1,022,579 2,729,425 1,022,528 2,010,327 800,622 

𝑅 2 0.685 0.710 0.423 0.400 0.604 0.587 

Notes: Standard errors in parenthesis are clustered at the municipal level. All variables are measured using the inverse 

hyperbolic sine transformation. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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rofits. Profits were noisier in the treatment period and significantly

ent down in one year (2016), but are non-significant in all other years.

t the same time, labor productivity decreased in treated areas after the

ransportation shock, and until 2016. After that, we observe a modest

ecovery, although labor productivity in the most recent years (2017–

019) is still significantly lower than in the pre-treatment years. 

The event study results are confirmed in the difference-in-differences

pecifications, estimated using Eq. (1) , and presented in Table 2 . 

As shown in columns (1) and (2), we find that treated firms experi-

nced, on average, a decrease of 10 . 2% in turnover ( 10 . 5% in total rev-

nues) vis-à-vis firms located in comparison regions. 30 Importantly, the

onsiderable decrease in turnover is not only due to the higher costs

or the transport of manufactured goods. As shown in column (3), sales

f services, which account for about 25% of turnover, on average, fall

n a similar order of magnitude as turnover (total sales). This finding

uggests that increased commuting and travel costs for consumers of

ervices also played a sizeable role in decreasing output. 

For profits, we find that earnings before taxes, in column (4), re-

uced by 4 . 1% , on average. However, the results are not precisely esti-

ated and the effect is not statistically significant. Considering another

roxy for profits: net income (i.e., earnings after taxes), in column (5)

eads to a similar result. Finally, we observe a reduction in labor produc-

ivity of 4.3%, on average, in column (6), a result which is statistically

ignificant. 

Overall, we find that the tolls led to long-term decreases in firm out-

ut (turnover) and in labor productivity. However, there were no sig-

ificant effects on firm profits, suggesting that firms might have been

ble to pass through part of the burden of the tolls to other economic

ctors. Our findings are in line with related research on the output and

roductivity effects of infrastructure provision. The strength of effects

s a bit higher than what is usually found for OECD countries (see, for

nstance, Holl (2016) or Gibbons et al. (2019) ), but clearly lower than
30 As sales of goods and services are the main source of firms revenues, it is 

lausible that both variables are affected in a similar order of magnitude. 
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9 
hat has been found for developing countries (e.g. Fan et al. (2019) and

hani et al. (2016) ). 

.2. Effect heterogeneity 

We first test whether results differ with respect to the sector of activ-

ty. To do so, we run our results separately for firms in the non-tradables

nd in tradables sectors. The results for the main firm performance indi-

ators are shown in Table 3 . As can be seen, tradables sectors are more

trongly affected by the tolls than non-tradables sectors, although the

egative effects of the tolls on turnover and productivity remain signif-

cant in the non-tradable sectors as well. Importantly, we find evidence

hat profits decreased considerably for firms in tradables sectors, but not

n the non-tradables. 

Second, we carefully examine whether firm-specific productivity

akes a difference in the way that firms are affected by the transporta-

ion shock using triple difference-in-differences specifications. We de-

ne the least productive firms as those in the first quintile of labor

roductivity in the pre-treatment year while the most productive firms

re those in the fifth quintile of labor productivity measured in the

ame period. We then compare the effects for these firms, in the post-

reatment period and in treated areas, relative to firms in the middle

f the distribution of labor productivity (second, third, and fourth quin-

iles). In each specification, we drop firms in the quintile that is not being

onsidered. 

Results for the three main firm performance variables are presented

n Table AH.1 in the Appendix. We observe that high productivity firms

 𝐿𝑃 𝑄 5 ) are not differently affected by the shock than the firms in the

iddle of the labor productivity distribution. However, low productivity

rms ( 𝐿𝑃 𝑄 1 ) seem to suffer more as they face a sharper decrease in

urnover. 

. Firm behavior 

The majority of research on the firm-level effects of infrastructure

ooks at single performance indicators and remains silent with respect

o the various adaptation measures that firms have at their disposal. To
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Table 4 

Firm expenses and labor adjusted to the introduction of tolls. 

Expenses Materials Services Employee FT workers PT workers Av Wages 

(1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.079 ∗ ∗ − 0.095 ∗ ∗ ∗ − 0.083 ∗ ∗ ∗ − 0.065 ∗ − 0.016 ∗ ∗ 0.002 − 0.020 ∗ ∗ ∗ 

(0.031) (0.032) (0.031) (0.035) (0.006) (0.003) (0.005) 

Firm FE Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y 

𝑁 × 𝑇 3,753,863 3,753,863 3,753,863 3,753,863 3,337,876 2,246,598 2,812,764 

𝑅 2 0.699 0.816 0.703 0.748 0.853 0.684 0.631 

Notes: Standard errors in parenthesis are clustered at the municipal level. All variables are measured using the inverse hyperbolic 

sine transformation. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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Fig. 3. Event studies – expenses. 

Notes: The variable is measured using the inverse hyperbolic sine transforma- 

tion. Graph computed with Firm and NUTS 2- Year fixed effects. The 90% con- 

fidence levels are calculated using clustered standard errors at the municipal 

level. 
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31 These results are consistent with the findings of Audretsch et al. (2020) , who 

documented a significantly negative impact on employment at the municipal- 

level. 
etter understand the mechanisms by which firms actually adapt to a

assive transportation cost shock we carefully analyze different kinds

f adaptation measures in this section. 

In order to stay competitive and not lose too many customers, a pos-

ible behavioral response is that firms try to cut their other non-transport

elated expenditures, which include inputs of goods and services as well

s labor costs. Firms could try to shift the burden of the highway tolls

at least partly – to their suppliers or employees. We thus study the

evelopment of firm expenses after the shock, giving particular atten-

ion to the purchase of goods and services input (in Section 6.1 ) and to

he evolution of labor costs in terms of employment numbers and wages

in Section 6.2 ). Another way in which firms could adapt to the trans-

ortation cost shock is changing their sales strategy by focusing on sales

arkets in which the transport cost increase on domestic (SCUT-) high-

ays plays a lesser role. Therefore, we separately analyze how the tolls

ave affected firms’ domestic sales, their exports to the EU, and their

xports to the rest of the world (in Section 6.3 ). Changing inventory is a

urther possible adaptation measure that has gained some prominence

n the literature. Moreover, some firms might decide to leave the market

s a reaction to the transportation cost shock. Such a strong reaction is

nlikely for the majority of firms, but it might be plausible for firms that

re particularly affected (e.g. firms that are particularly dependent on

ransportation) or particularly vulnerable (e.g. under-performers with

articularly low productivity). Both modes of adaptation are investi-

ated in Section 6.4 . Section 6.5 investigates effect heterogeneity, and

ection 6.6 summarizes how firms adapted to the shock. 

.1. Expenses 

We first focus on how firms adjusted their expenses in reaction to

he shock using the event study strategy described in Eq. (2) . The re-

ults are exhibited in Fig. 3 . Once again, we find evidence suggesting

hat the parallel trends assumption holds in this setting. In addition, we

bserve that expenses were significantly reduced after the introduction

f tolls. Although expenses decreased immediately after the shock, the

ecrease was not significant in the first years. This suggests that firms

eeded some time to adapt to the new situation and find a new (lower)

quilibrium level of expenses. 

The difference-in-differences results, displayed in column (1) of

able 4 , confirm that total expenses in treated firms decreased by, on

verage, 7 . 9% . Importantly, the level of detail in the dataset allows us to

ivide expenses in several categories. We find that firms significantly re-

uced their expenditure for purchases of goods and materials consumed

in column 2) as well as their purchases of supplies and external services

in column 3). These findings suggest that firms passed through part of

he burden of the tolls to their suppliers. Moreover, they imply that the

ost cutting did not only hit the suppliers of manufactured input goods

nd materials but also the suppliers of service inputs. 

Apart from cutting goods and services inputs, labor cost cutting is

nother obvious candidate for adaptation under economic pressure. We

nd that employee-related expenses (which apart from the wage bill

lso include social security and insurance payments) decreased by 6.5%
10 
in column 4). The precise mechanisms are further investigated in the

ext sub-section. 

.2. How firms cut labor costs: employment reduction versus wage 

eduction 

We now look into the consequences of the tolls for firms’ employees.

e distinguish between the effects on full- and part-time employment

nd on average wages. We present the event study results, estimated

sing Eq. (2) , for labor related outcomes in Fig. 4 . We detect that the

ntroduction of tolls had a significantly negative effect on the number

f full-time workers (in panel a). Importantly, these effects seem to de-

eriorate further between 2013 and 2019. 

We next provide the event study specifications of averages wages (in

anel b). We find a significant negative impact of the tolls on average

ages which seems to further deteriorate over time, suggesting that both

hannels (reduction of employment and lower wages) play a significant

ole in cutting labor costs and adapting to the transportation cost shock.

The difference-in-differences results, computed as in Eq. (1) , are pre-

ented in Table 4 and confirm the event study insights. We find a sig-

ificant reduction of full-time paid employment of 1 . 6% on average, for

reated firms vis-à-vis firms in the comparison group (in column 5). 31 
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Fig. 4. Event studies – labor market. 

Notes: The two variables are measured using the inverse hyperbolic sine transformation. Graphs were computed with Firm and NUTS 2 × Year fixed effects. The 90% 

confidence levels are calculated using clustered standard errors at the municipal level. 

Fig. 5. Event studies – turnover by destination. 

Notes: Outcome variables are measured using the inverse hyperbolic sine transformation. Graph computed with Firm and NUTS 2 × Year fixed effects. The 90% 

confidence levels are calculated using clustered standard errors at the municipal level. 

E  

6

 

w  

fi  

b  

p  

p  

d  

t  

i  

t  

(

e  

f  

b  

f

e

6

 

s  

w  

l  

fi  

r

 

F  

O  

t  

p  

h  

(

 

g  

(  
mployers do not seem to switch to part-time employment (in column

). At the same time, average wages decreased by 2% (in column 7). 

It cannot be excluded, however, that part of the decrease in average

ages is driven by a change in the structure of employment in treated

rms. A decreasing number of full-time employees and a constant num-

er of part-time employees imply an increasing share of part-time em-

loyment which in turn drives down average wages. This latter inter-

retation is in line with earlier research showing that there is a strong

ownward nominal wage rigidity in Portugal ( Dias et al., 2013 ), and

hat legal restrictions on nominal wage cuts and periods of close-to-zero

nflation leave employers with limited margin to adjust real wages, such

hat, in periods of crisis, employment is the main margin of adjustments

 Carneiro et al., 2014 ). 32 

Our finding that highway tolls affect both employment and wages –

ven if part of the decrease in average wages is driven by the decrease in

ull-time employment – is in line with the conclusions of recent research

y Herzog (2021) who finds that the US Interstate Highway System af-

ected both employment and (to a somewhat lesser extent) wages. 
32 The nominal minimum wage was frozen between 2011 and 2014 at 485 

uros ( Alexandre et al., 2022 ). 
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.3. Destination of trade: which markets are affected? 

Another way in which firms could adapt to the transportation cost

hock is changing their sales strategy by focusing on sales markets in

hich the transport cost increase on domestic (SCUT-) highways plays a

esser role. Therefore, we separately analyze how the tolls have affected

rms’ domestic sales, their exports to the EU, and their exports to the

est of the world. 

The event study findings of estimating Eq. (2) are presented in

ig. 5 for domestic turnover (in panel a) and exports (in panel b).

ur results show an increasing deterioration with persistent effects for

reated firms, concerning both outcomes, domestic turnover and ex-

orts. Results for exports should be interpreted with a grain of salt,

owever, since the parallel trends’ assumption does not hold in this case

 Roth, 2022 ). 

We enhance the analysis by computing difference-in-differences re-

ressions as in Eq. (1) . Our findings are displayed in Table 5 . In column

1), we analyze the impact of the transportation shock on turnover that

s sold in the domestic market. We find that firms subject to this shock

xperienced a decrease in turnover from the internal market by 10% , an

ffect that is similar to the decrease in total turnover. 

We next focus on the extensive and intensive margins of selling

broad. Our results clearly suggest that the introduction of tolls had
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Table 5 

Other behavioral measures were also affected by the introduction of tolls. 

Domestic Prob exporting Exports Exports EU Exports non-EU Inventory Prob exit 

(1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.100 ∗ ∗ ∗ − 0.006 ∗ ∗ ∗ − 0.069 ∗ ∗ ∗ − 0.076 ∗ ∗ ∗ − 0.000 0.006 0.006 ∗ ∗ 

(0.036) (0.002) (0.022) (0.019) (0.014) (0.032) (0.002) 

Firm FE Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y 

𝑁 × 𝑇 3,753,863 3,753,863 3,753,863 3,753,863 3,753,863 3,753,863 4,871,327 

𝑅 2 0.683 0.635 0.709 0.707 0.651 0.815 0.390 

Notes: Standard errors in parenthesis are clustered at the municipal level. All variables, with the exception of the Prob 

of exporting and the Prob of exit, are measured using the inverse hyperbolic sine transformation. Asterisks indicate 

significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Fig. 6. Event studies – other mechanisms. 

Notes: Inventory is measured using the inverse hyperbolic sine transformation. Graphs computed with Firm and NUTS 2 × Year fixed effects. The 90% confidence 

levels are calculated using clustered standard errors at the municipal level. 
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 marginal impact of less than 1% on the probability of firms to sell

broad (in column 2). The effects are much larger for the intensive mar-

in, however, showing that the exports of treated firms decreased by

 . 9% (in column 3) relative to more distant firms from SCUT highways.

Finally, we go one step further to separately analyze the exports des-

ined to the EU market and the ones destined to the rest of the world. 33 

ne can see that exports to the EU area in column (4) were significantly

educed ( − 7.6%), while no significant effect was found for the ones di-

ected to the non-EU market in column (5). The stronger reduction of

omestic turnover and exports destined to the EU appears plausible as

hese two markets depend strongly on road transportation. It is also in

ine with the findings of related research by Fan et al. (2019) who find

hat the effect of highway infrastructure on domestic trade is stronger

han the effect on foreign trade (exports). 

Regarding the EU market, it is important to highlight that Spain is

ne of the main trading partners of Portugal 34 and Portugal’s gate to the

est of the EU. Some of the affected highways are the most important

oads to Spain, and Spain’s proximity to Portugal makes trade between

hese two countries particularly dependent on road transportation. By

ontrast, a large part of Portugal’s exports to the “rest of the world ” is

ransferred by ship and thus relatively less dependent on road transport

han Portugal’s trade with the EU. In other words: export destinations

utside the EU are less affected by the tolls and becomes more attractive
33 Bastos et al. (2018) show that exporting to richer countries leads Portuguese 

rms to pay higher prices for inputs, raising the average quality of goods they 

roduce. 
34 In 2010, Portugal’s exports to Spain accounted for 32% of the total exports 

ade to the EU area. 
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or the treated firms – at least in relative terms – than destinations within

ortugal and within the EU. 

.4. Other mechanisms: changes in inventory and exit 

A change of inventory is a further possible adaptation measure. Firms

ight build up inventory in order to reduce the number of trips and save

ransportation costs. In the empirical literature there is evidence for a

ecrease in inventory following the provision of rail or road infrastruc-

ure ( Shirley and Winston, 2004; Datta, 2012; Li and Li, 2013 ). One

ight argue that a road price shock works in the opposite direction and

ould thus lead to an increase in inventory. We inspect this possibility

n this subsection. 

We measure inventory in monetary terms and exhibit the event

tudy results in Fig. 6 (panel a). The results convey that the intro-

uction of tolls in SCUT highways had no significant effects on inven-

ory. The difference-in-difference results are presented in column (6) of

able 5 and confirm the event study results: firms did not seem to change

heir inventories in response to the transportation cost shock. A possible

xplanation for this non-finding is that building up new inventory is not

he same as reducing inventory. Reducing inventory is relatively cheap

nd easy, whereas building up new inventory often requires investment

for example, in real estate) which might be prohibitively expensive. 

Finally, we turn to the strongest possible firm-level reaction to a price

hock which is exiting the market. 35 As can be seen from the event study
35 In the analysis so far we have only considered firms that were active in 2010, 

.e. at the time when the tolls were implemented. For an adequate analysis of 

xit it is necessary, however, to consider exit in the pre-treatment years as well. 
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Table 6 

Heterogeneity: behavior indicators - non-tradables vs. tradables. 

Expenses Av wages Full-time workers Inventory Prob exit 

NT T NT T NT T NT T NT T 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.048 − 0.146 ∗ ∗ ∗ − 0.016 ∗ ∗ ∗ − 0.027 ∗ ∗ ∗ − 0.008 − 0.032 ∗ ∗ ∗ 0.004 0.043 0.005 ∗ 0.009 ∗ ∗ ∗ 

(0.034) (0.034) (0.005) (0.007) (0.006) (0.009) (0.035) (0.039) (0.003) (0.002) 

Firm FE Y Y Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y Y Y Y 

𝑁 × 𝑇 2,729,479 1,022,579 2,010,327 800,622 2,413,395 922,487 2,729,479 1,022,579 3,523,558 1,343,936 

𝑅 2 0.693 0.727 0.625 0.648 0.842 0.877 0.809 0.836 0.385 0.409 

Notes: Standard errors in parenthesis are clustered at the municipal level. All variables, with the exception of probability of exit, are measured using 

the inverse hyperbolic sine transformation. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Table 7 

Robustness: Turnover – Part I. 

Turnover (ihs) 

Baseline (1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.102 ∗ ∗ ∗ − 0.104 ∗ ∗ − 0.101 ∗ ∗ − 0.101 ∗ ∗ − 0.106 ∗ ∗ ∗ − 0.100 ∗ ∗ ∗ 

(0.037) (0.050) (0.039) (0.041) (0.039) (0.036) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.082 ∗ ∗ 

(0.040) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.084 ∗ ∗ 

(0.042) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 − 0.003 

(0.047) 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 − 0.045 

(0.062) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y N N Y Y 

NUTS 3– Year FE N N N N Y Y N N 

Controls N N N N N Y N N 

Sector– Year FE N N N N N N Y N 

𝑁 × 𝑇 3,753,863 3,753,863 3,753,863 3,753,863 3,753,863 3,753,863 3,753,479 3,753,863 

𝑅 2 0.688 0.688 0.688 0.688 0.688 0.688 0.695 0.688 

Notes: Standard errors in parenthesis are clustered at the municipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

vector of annual municipal-level controls comprises Population density, Withdrawals on ATMs (automated teller machines) 

per capita, Mean value of traded real estates, and Municipal expenditures per capita. Sector comprises 816 groups of 5-digit 

sectors of activity. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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raph in Fig. 6 (panel b), point estimates in the treatment period are all

ositive and pointing towards a small effect on exit of close to 0.5%.

hese effects are, however, not statistically significant. 36 

The results of the difference-in-differences strategy, presented in col-

mn (7) of Table 5 , point towards a very small positive effect of about

.5%, on average, and statistically significant (at 5% confidence level).

n any case, the effects on exit for the full sample of firms appear to be

ather small. However, for certain groups of firms, we observe stronger

ffects on exit. This will be discussed in the next subsection. 

.5. Effect heterogeneity 

We next investigate possible effect heterogeneity on the main adap-

ation measures by dividing our sample between firms in the tradables

nd non-tradables sectors, as shown in Table 6 . In all cases (except for

nventory), point estimates show that firms in tradables sectors reacted

ore strongly to the deterioration of the economic situation induced by

he introduction of tolls. This is in line with the findings from Section 5 ,

ndicating a particular strong decrease in turnover in tradables sectors. 

Lastly, we examine whether firm-specific productivity makes a dif-

erence in the way that firms adapt to the transportation cost shock using
ithout considering exit in the pre-treatment years we would miss a suitable 

ardstick for comparison of exit probabilities before and after the treatment as 

ell as a suitable test of the common trends assumption. 
36 The parallel trend, even though it is also not statistically significant, seems 

o be increasing with time and therefore should be interpreted with a grain of 

alt ( Roth, 2022 ). 

H  

c  

h

7

 

c  

13 
 triple difference-in-differences with the least and the most productive

rms in Table AH.2 in the Appendix. We observe that high productivity

rms ( 𝐿𝑃 𝑄 5 ) are not differently affected by the shock than the firms in

he middle of the labor productivity distribution. By contrast, we find

hat low productivity firms ( 𝐿𝑃 𝑄 1 ) have significantly stronger reactions

n terms of reducing expenses, employment, and average wages. More-

ver, these firms have a significantly higher probability to exit the mar-

et. 

.6. In a nutshell: how firms adapted to the shock 

Overall, we find that firms respond to the transportation cost shock

ith a significant cut of total expenses. This cut affects expenses for

oods and materials consumed in a similar order of magnitude as ex-

enses in the purchase of services. Labor costs were cut by reductions

f full-time employment as well as by lower average wages. We also

bserve a shift in the relative importance of different trade destina-

ions: domestic sales and exports to the EU were substantially reduced,

hereas exports to the rest of the world were not affected. We do not

nd a significant effect of the tolls on inventory and only a marginal

ositive effect on the probability of exit for the full sample of firms.

owever, firms in tradables sectors and low productivity firms have a

learly higher probability of exit than firms in non-tradables sectors and

igh productivity firms. 

. Robustness checks 

We challenge our baseline results with a plethora of robustness

hecks as described and motivated in Section 4.4 . These checks are so
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Table 8 

Robustness: Turnover – Part II. 

Turnover (ihs) ln(Turnover + 1) Turnover 

Only NW Single No DC No Lisbon Winsor Balanced 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.110 ∗ ∗ − 0.105 ∗ ∗ ∗ − 0.153 ∗ ∗ ∗ − 0.078 ∗ ∗ − 0.095 ∗ ∗ ∗ − 0.078 ∗ ∗ ∗ − 0.098 ∗ ∗ ∗ − 57703.235 ∗ 

(0.046) (0.037) (0.044) (0.036) (0.036) (0.028) (0.035) (30987.598) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y Y 

𝑁 × 𝑇 1,289,294 3,631,567 2,622,017 2,510,628 3,753,863 2,157,858 3,753,863 3,753,863 

𝑅 2 0.690 0.686 0.691 0.691 0.678 0.721 0.692 0.929 

Notes: Standard errors in parenthesis are clustered at the municipal level. No DC removes all firms in district capitals while only NW considers only firms in the four 

northwestern districts of Viana do Castelo, Braga, Porto, and Aveiro. Winsorization of the outcome variable at the 90th percentile in column (11). Asterisks indicate 

significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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omprehensive and voluminous that they cannot all be presented in the

ain part of the paper. For illustrative purposes, we present the results

or turnover in the main text (in Tables 7 and 8 ) and the respective

esults for all other key variables in the Appendix to this paper: Prof-

ts (in Tables AR.1 and AR.2 ), labor productivity (in Tables AR.3 and

R.4 ), expenses (in Tables AR.5 and AR.6 ), full-time employment (in

ables AR.7 and AR.8 ), averages wages (in Tables AR.9 and AR.10 ),

nventory (in Tables AR.11 and AR.12 ), and exit (in Tables AR.13 and

R.14 ). 

We begin by showing that our results do not depend critically on

ur particular definition of treatment. In fact, if we substitute the first

uintile of distance by the first quartile (in column 1 of Part I tables)

r by the first sixtile of distance (in column 2), we obtain very similar

ffects. Moreover, when we add the second to the first quintile (in col-

mn 3), as a ring around the treatment area, the effect remains very

imilar to baseline while the second quintile interaction is not statisti-

ally significant (except for labor productivity), suggesting that our def-

nition of treatment is adequate ( Butts, 2021 ). Moreover, our findings,

ith the exception of probability of exit, are robust to several vectors of

xed effects (NUTS 3- year or Sector-year) and the inclusion of annual

unicipal-level controls (columns 4 to 6). 

Although alternative (non-SCUT) highways in Portugal are tolled as

ell such that potential cost savings from using alternative highways

re limited, we have carefully analyzed whether our findings still hold

n the presence of these alternative roads. First, we find that a horse

ace adding the first quintile distance to non-SCUT highways (in col-

mn 7) leaves, once again, point estimates of the treatment effect very

imilar to baseline, highlighting that even firms that can have reason-

ble non-SCUT highway alternatives suffered from the shock. Second,

ig. A.1 in the Appendix (highway map of Portugal) makes clear that the

nly treated firms that have alternative (non-SCUT) highways nearby

re those in the coastal Northwest of Portugal. Therefore, as a further ro-

ustness check we restrict our analysis to the four districts in the north-

estern corner of Portugal where alternative highways are available.

ur findings are displayed in the first column of Part II tables ( “Only

W ”) and very much resemble the baseline results. Hence, we conclude

hat the availability of alternative highways does not change our main

esults. 

The results are also robust in other particular subsamples, as shown

n Part II tables: when we consider only single establishment firms, ex-

luding firms that are in the bigger regional cities (district capitals), or

hen we remove the Lisbon NUTS 3 area. In addition, our baseline con-

lusions do not change when we consider the influence of outliers by

insorization of the outcome variables at the 90th percentile, use an al-

ernative logarithmic transformation (instead of the inverse hyperbolic

ine (ihs) transformation), and when we consider variables in levels in

ur econometric specification. 37 
37 One interesting exception occurs for profits: when we use the logarithmic 

ransformation, the effect becomes negative ( −6 %). However, sample size also 

d

e

14 
. Conclusion 

The current paper contributes to a better understanding of the vari-

us firm-level effects and behavioral responses to a massive transporta-

ion cost shock. Based on a unique firm-level data set covering virtually

he whole universe of private firms in a country and relying on detailed

eolocated distance measures, we find that the introduction of tolls on

reviously free highways led to a long-term decrease in turnover by

0.2% and in labor productivity by 4.3%, whereas profits were not sig-

ificantly affected. A possible interpretation is that treated firms were

ble to pass through part of the burden of the tolls to other economic

gents. 

With respect to firm behavior in response to the shock we find a

ignificant cut of total expenditures. This expenditure cut affects goods

nd materials consumed in a similar order of magnitude (about 8%) as

xpenses in the purchase of services. Taking a closer look at the labor

arket, we find that labor costs were reduced by employment cuts as

ell as by a decrease of average wages. We also observe a shift in the

elative importance of different trade destinations: domestic turnover

nd exports to the EU declined significantly, whereas exports to the rest

f the world were not affected. We consider this a plausible result since

omestic turnover and exports to the EU depend heavily on road trans-

ort, whereas exports to the rest of the world depend mainly on sea

ransport. We do not find a significant increase in inventory in response

o the tolls which might be explained by the fact that building up new in-

entory often requires substantial investment (e.g., in real estate) which

ight be prohibitively expensive. Firm exit, the arguably strongest re-

ponse to a price shock, does not play a sizable role in the full sample

f firms, but we find that firms in tradables sectors and firms in the

owest productivity quintile have a significantly higher probability of

xit after the treatment. The latter result suggests that the additional

train on low-productivity firms caused by the tolls has induced a kind

f market-clearing or creative destruction. 

The majority of effects for all these outcomes are medium- to long-

erm, i.e. still persistent nine years after the introduction of tolls. All

ain conclusions proved stable to a plethora of robustness checks. 

Our findings do not only contribute to a better understanding of

he behavior of firms confronted with an exogeneous shock, but pro-

ide policymakers with insights into the firm-level reactions to policy-

nduced distortions that can help them design better policies. We hope

hat this study will stimulate further research on the complex private

ector effects of government intervention into the transportation sec-

or. Our findings suggest that lower productivity firms suffer more from

he transportation cost shock than higher productivity firms. A related

nd potentially fruitful area for future research is further disentangling

he impact of a transportation cost shock on the financial conditions of
rops considerably. In addition, the results for total expenses and full-time work- 

rs are noisier when these variables are considered in levels. 
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rms, depending on their pre-treatment level of debt and their relations

ith the banking system. 
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ppendix 
Fig. A.1. SCUT and non-SCUT highways. 

Notes: Non-former SCUT motorways are all the 

alternative (non-SCUT) highways. 
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ting subsidies, and Income from financial assets (in euros) 

 (in euros) 

y the firm (in euros) 

ding interest payments, depreciations and amortization (in euros) 

 expenses (in euros) 

rs (in euros) 

es, employee, interest payments, and taxes (in euros) 

terial consumed (in euros) 

ces (in euros) 

xpenses and insurance schemes for accidents and diseases (in euros) 

rs 

rs 

s (in euros) 

erwise 

(in euros) 

 euros) 

ise 

9) – secondary variables. 

Treated 

N x T Mean Std. Dev. N x T 

3,003,375 977,342 18,103,859 752,058 

3,003,375 231,790 3,082,225 752,058 

3,003,375 33,915 2,126,068 752,058 

3,003,375 509,186 12,953,727 752,058 

3,003,375 199,523 3,081,258 752,058 

3,003,375 129,020 1,583,183 752,058 

1,814,321 0.9 43.9 452,579 

3,003,375 0.156 0.363 752,058 

3,003,375 130,265 3,185,756 752,058 

3,003,375 55,693 2,494,032 752,058 

9) – Municipal-level control variables. 

Treated 

v. N x T Mean Std. Dev. N x T 

3,003,375 16.622 18.61 752,058 

4 3,003,375 2474.708 885.089 752,058 

780 3,003,375 98109.820 48515.230 752,058 

1 3,003,375 706.473 312.504 752,058 
Table A.1 

Variable description – main and secondary variables. 

Variable Notes 

Firm Performance 

Total revenues It includes turnover, opera

Turnover sales of goods and services

Sales of services sales of services provided b

Profits Earnings before taxes, inclu

Net income Total revenues minus total

Labor productivity Turnover divided by worke

Firm Behavior 

Total expenses It includes materials, servic

Materials Costs of goods sold and ma

Services (inputs) Supplies and external servi

Employee It includes social security e

FT workers Number of full-time worke

PT workers Number of part-time worke

Av wages Salaries divided by worker

Domestic turnover (in euros) 

Prob exporting 1 if the firm exports; 0 oth

Exports (in euros) 

Exports EU It included sales to the UK 

Exports non-EU (in euros) 

Inventory Variation in production (in

Prob exit 1 if the firm exits; 0 otherw

Table A.2 

Descriptive statistics for the full sample period (2006–201

Comparison 

Secondary variables Mean Std. Dev. 

Firm Performance 

Total revenues 1,167,792 28,043,129 

Sales of services 311,439 8,293,314 

Net income 36,641 4,683,449 

Firm Behavior 

Costs of Materials 587,589 21,091,152 

Services (inputs) 256,003 5,775,874 

Employee-related expenses 150,729 2,085,569 

Part-time paid employment 0.8 28.9 

Prob of exporting 0.141 0.348 

Exports EU 144,365 6,557,899 

Exports non-EU 62,351 4,600,077 

Table A.3 

Descriptive Statistics for the full sample period (2006–201

Comparison 

Variable Mean Std. De

Population density 17.027 21.48 

Withdrawals on ATMs per capita 2505.127 953.38

Mean value of traded real estates 121671.759 93999.

Municipal expenditures per capita 805.515 384.93
16 
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Table A.4 

Balance table using the pre-treatment period (2006–2010

Treatment 

Firm performance 

Turnover 810,595 

EBT 34,442 

Labor Productivity 93,062 

Firm behavior 

Total expenses 851,471 

Average wages 9676 

Full-time employees 7.612 

Domestic turnover 667,551 

Exports 143,044 

Inventory 217,396 

Probability of exit 0.031 

Notes: Standard errors in parenthesis are clustered at th

( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

urther heterogeneity results 

Table AR.9 

able AH.1 

eterogeneity: Performance indicators - Triple DiD. 

Turnover 

(1) (2) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 × 𝐿𝑃 𝑄 1 − 0.150 ∗ 

(0.081) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 × 𝐿𝑃 𝑄 5 − 0.034 

(0.032) 

Firm FE Y Y 

NUTS 2– Year FE Y Y 

𝑁 × 𝑇 2,327,935 2,457,523 

𝑅 2 0.569 0.531 

Notes: Standard errors in parenthesis are clustered at the municipal level. A

ndicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

able AH.2 

eterogeneity: Behavior indicators - Triple DiD. 

Expenses Av Wages 

(1) (2) (3) (4) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 × 𝐿𝑃 𝑄 1 − 0.112 ∗ − 0.015 ∗ 

(0.059) (0.008) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 × 𝐿𝑃 𝑄 5 − 0.028 − 0.001 

(0.027) (0.006) 

Firm FE Y Y Y Y 

NUTS 2– Year FE Y Y Y Y 

𝑁 × 𝑇 2,327,935 2,457,523 2,100,708 2,267,730 

𝑅 2 0.576 0.616 0.570 0.643 

Notes: Standard errors in parenthesis are clustered at the municipal level. A

yperbolic sine transformation. Asterisks indicate significance levels of 10% ( ∗ )

. 
17 
ntrol Difference (Std error) 

6,709 − 136,114 (163,794) 

,066 − 14,624 (22,030) 

,761 301.2 (9733) 

9,020 − 147,549 (178,966) 

70 − 293.9 (441.1) 

77 − 0.465 (0.590) 

2,936 − 135,385 (154,042) 

3,774 − 729.5 (25,591) 

8,718 − 11,322 (17,288) 

32 0.001 (0.001) 

nicipal level. Asterisks indicate significance levels of 10% 

fits Labor productivity 

 (4) (5) (6) 

16 − 0.032 

115) (0.033) 

− 0.118 − 0.001 

(0.088) (0.015) 

Y Y Y 

Y Y Y 

27,905 2,457,450 2,100,708 2,267,730 

96 0.385 0.567 0.475 

ables are measured using the inverse hyperbolic sine transformation. Asterisks

ll-time workers Inventory Prob exit 

 (6) (7) (8) (9) (10) 

.025 ∗ − 0.051 0.005 ∗ 

015) (0.047) (0.003) 

0.008 − 0.003 − 0.000 

(0.009) (0.037) (0.001) 

Y Y Y Y Y 

Y Y Y Y Y 

27,614 2,372,183 2,327,935 2,457,523 2,327,935 2,457,523 

23 0.844 0.801 0.814 0.274 0.245 

ables, with the exception of probability of exit, are measured using the inverse

( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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F

(3) (4) (5) (6) (7) 

− 0.028 − 0.055 − 0.057 − 0.057 − 0.040 

(0.083) (0.073) (0.073) (0.057) (0.078) 

0.024 

(0.070) 

− 0.020 

(0.041) 

Y Y Y Y Y 

Y N N Y Y 

N Y Y N N 

N N Y N N 

N N N Y N 

3,753,757 3,753,757 3,753,757 3,753,372 3,753,757 

0.415 0.416 0.416 0.426 0.415 

andard errors in parenthesis are clustered at the municipal level. 

f annual municipal-level controls comprises Population density, 

ta, Mean value of traded real estates, and Municipal expenditures 

of activity. Asterisks indicate significance levels of 10% ( ∗ ), 5% 

ln(Profits + 1) Profits 

o Lisbon Winsor Balanced 

 0.033 − 0.034 − 0.068 − 0.060 ∗ ∗ 542.476 

0.080) (0.076) (0.074) (0.029) (3671.951) 

 Y Y Y Y 

 Y Y Y Y 

,510,598 3,753,863 2,157,811 2,349,055 3,753,863 

.422 0.411 0.398 0.747 0.334 

andard errors in parenthesis are clustered at the municipal level. 

 considers only firms in the four northwestern districts of Viana 

utcome variable at the 90th percentile in column (11). Asterisks 
 ), respectively. 

(3) (4) (5) (6) (7) 

− 0.029 ∗ − 0.042 ∗ ∗ ∗ − 0.043 ∗ ∗ ∗ − 0.042 ∗ ∗ ∗ − 0.043 ∗ ∗ ∗ 

(0.016) (0.012) (0.012) (0.012) (0.013) 

0.026 ∗ 

(0.014) 

− 0.009 

(0.013) 

Y Y Y Y Y 

Y N N Y Y 

N Y Y N N 

N N Y N N 

N N N Y N 

2,812,764 2,812,764 2,812,764 2,812,280 2,812,764 

0.597 0.597 0.597 0.602 0.597 

unicipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

tion density, Withdrawals on ATMs (automated teller machines) 

l expenditures per capita. Sector comprises 816 groups of 5-digit 

0% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
urther robustness tests 

Table AR.1 

Robustness: Profits – Part I. 

Profits (ihs) 

Baseline (1) (2) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.041 

(0.078) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.055 

(0.067) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.046 

(0.082) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 

Firm FE Y Y Y 

NUTS 2– Year FE Y Y Y 

NUTS 3– Year FE N N N 

Controls N N N 

Sector– Year FE N N N 

𝑁 × 𝑇 3,753,757 3,753,757 3,753,757 

𝑅 2 0.415 0.415 0.415 

Notes: Profits are proxied using earnings before taxes. St

Nuts 2 (3) comprises 5 (25) groups of regions. The vector o

Withdrawals on ATMs (automated teller machines) per capi

per capita. Sector comprises 816 groups of 5-digit sectors 

( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Table AR.2 

Robustness: Profits – Part II. 

Profits (ihs) 

Only NW Single No DC N

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 0.013 − 0.035 − 0.145 ∗ −
(0.112) (0.079) (0.087) (

Firm FE Y Y Y Y

NUTS 2– Year FE Y Y Y Y

𝑁 × 𝑇 1,289,279 3,631,487 2,621,965 2

𝑅 2 0.426 0.416 0.415 0

Notes: Profits are proxied using earnings before taxes. St

No DC removes all firms in district capitals while only NW

do Castelo, Braga, Porto, and Aveiro. Winsorization of the o

indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗

Table AR.3 

Robustness: Labor Productivity – Part I. 

Labor productivity (ihs) 

Baseline (1) (2) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.043 ∗ ∗ ∗ 

(0.013) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.033 ∗ ∗ 

(0.013) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.041 ∗ ∗ ∗ 

(0.014) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 

Firm FE Y Y Y 

NUTS 2– Year FE Y Y Y 

NUTS 3– Year FE N N N 

Controls N N N 

Sector– Year FE N N N 

𝑁 × 𝑇 2,812,764 2,812,764 2,812,764 

𝑅 2 0.597 0.597 0.597 

Notes: Standard errors in parenthesis are clustered at the m

vector of annual municipal-level controls comprises Popula

per capita, Mean value of traded real estates, and Municipa

sectors of activity. Asterisks indicate significance levels of 1
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ln(LP + 1) LP 

No Lisbon Winsor Balanced 

− 0.041 ∗ ∗ ∗ − 0.029 ∗ ∗ ∗ − 0.042 ∗ ∗ ∗ − 0.043 ∗ ∗ ∗ − 6432.433 ∗ ∗ 

(0.013) (0.006) (0.012) (0.012) (2932.308) 

Y Y Y Y Y 

Y Y Y Y Y 

1,925,241 2,812,764 1,736,043 2,812,764 2,812,764 

0.597 0.766 0.625 0.602 0.618 

municipal level. No DC removes all firms in district capitals while 

icts of Viana do Castelo, Braga, Porto, and Aveiro. Winsorization 

1). Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 

(3) (4) (5) (6) (7) 

− 0.078 ∗ − 0.081 ∗ ∗ − 0.081 ∗ ∗ − 0.084 ∗ ∗ ∗ − 0.077 ∗ ∗ 

(0.046) (0.032) (0.034) (0.031) (0.031) 

0.003 

(0.043) 

− 0.039 

(0.051) 

Y Y Y Y Y 

Y N N Y Y 

N Y Y N N 

N N Y N N 

N N N Y N 

3,753,863 3,753,863 3,753,863 3,753,479 3,753,863 

0.699 0.699 0.699 0.706 0.699 

unicipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

tion density, Withdrawals on ATMs (automated teller machines) 

l expenditures per capita. Sector comprises 816 groups of 5-digit 

0% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

ln(Expenses + 1) Expenses 

 Lisbon Winsor Balanced 

.059 ∗ − 0.042 ∗ ∗ ∗ − 0.066 ∗ ∗ ∗ − 0.078 ∗ ∗ ∗ − 51556.924 

030) (0.013) (0.023) (0.030) (32941.463) 

Y Y Y Y 

Y Y Y Y 

10,628 3,753,863 2,157,858 3,753,863 3,753,863 

02 0.781 0.737 0.706 0.929 

municipal level. No DC removes all firms in district capitals while 

icts of Viana do Castelo, Braga, Porto, and Aveiro. Winsorization 

1). Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 
Table AR.4 

Robustness: Labor Productivity – Part II. 

Labor productivity (ihs) 

Only NW Single No DC 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.063 ∗ ∗ ∗ − 0.045 ∗ ∗ ∗ − 0.055 ∗ ∗ ∗ 

(0.015) (0.013) (0.013) 

Firm FE Y Y Y 

NUTS 2– Year FE Y Y Y 

𝑁 × 𝑇 1,000,489 2,695,960 2,007,212 

𝑅 2 0.605 0.596 0.593 

Notes: Standard errors in parenthesis are clustered at the 

only NW considers only firms in the four northwestern distr

of the outcome variable at the 90th percentile in column (1

1%( ∗ ∗ ∗ ), respectively. 

Table AR.5 

Robustness: Total expenses – Part I. 

Expenses (ihs) 

Baseline (1) (2) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.079 ∗ ∗ 

(0.031) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.071 ∗ 

(0.037) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.064 ∗ 

(0.034) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 

Firm FE Y Y Y 

NUTS 2– Year FE Y Y Y 

NUTS 3– Year FE N N N 

Controls N N N 

Sector– Year FE N N N 

𝑁 × 𝑇 3,753,863 3,753,863 3,753,863 

𝑅 2 0.699 0.699 0.699 

Notes: Standard errors in parenthesis are clustered at the m

vector of annual municipal-level controls comprises Popula

per capita, Mean value of traded real estates, and Municipa

sectors of activity. Asterisks indicate significance levels of 1

Table AR.6 

Robustness: Total Expenses – Part II. 

Expenses (ihs) 

Only NW Single No DC No

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.090 ∗ ∗ − 0.083 ∗ ∗ ∗ − 0.123 ∗ ∗ ∗ − 0
(0.038) (0.032) (0.037) (0.

Firm FE Y Y Y Y 

NUTS 2– Year FE Y Y Y Y 

𝑁 × 𝑇 1,289,294 3,631,567 2,622,017 2,5

𝑅 2 0.694 0.704 0.703 0.7

Notes: Standard errors in parenthesis are clustered at the 

only NW considers only firms in the four northwestern distr

of the outcome variable at the 90th percentile in column (1

1%( ∗ ∗ ∗ ), respectively. 
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Table AR.7 

Robustness: Full-time workers – Part I. 

Full-time workers (ihs) 

Baseline (1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.016 ∗ ∗ − 0.019 ∗ ∗ − 0.016 ∗ ∗ − 0.016 ∗ ∗ − 0.026 ∗ ∗ ∗ − 0.016 ∗ ∗ 

(0.006) (0.008) (0.006) (0.006) (0.006) (0.006) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.016 ∗ ∗ 

(0.006) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.014 ∗ ∗ 

(0.007) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 − 0.006 

(0.007) 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 − 0.006 

(0.007) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y N N Y Y 

NUTS 3– Year FE N N N N Y Y N N 

Controls N N N N N Y N N 

Sector– Year FE N N N N N N Y N 

𝑁 × 𝑇 3,337,876 3,337,876 3,337,876 3,337,876 3,337,876 3,337,876 3,337,423 3,337,876 

𝑅 2 0.853 0.853 0.853 0.853 0.853 0.853 0.859 0.853 

Notes: Standard errors in parenthesis are clustered at the municipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

vector of annual municipal-level controls comprises Population density, Withdrawals on ATMs (automated teller machines) 

per capita, Mean value of traded real estates, and Municipal expenditures per capita. Sector comprises 816 groups of 5-digit 

sectors of activity. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Table AR.8 

Robustness: Full-time workers – Part II. 

Full-time workers (ihs) ln(FTW + 0.1) FTW 

Only NW Single No DC No Lisbon Winsor Balanced 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.014 ∗ − 0.016 ∗ ∗ − 0.026 ∗ ∗ ∗ − 0.014 ∗ ∗ − 0.012 ∗ ∗ − 0.018 ∗ ∗ ∗ − 0.013 ∗ ∗ ∗ − 0.112 

(0.008) (0.007) (0.007) (0.006) (0.006) (0.006) (0.005) (0.141) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y Y 

𝑁 × 𝑇 1,162,225 3,219,053 2,354,689 2,251,399 3,337,876 1,966,889 3,337,876 3,337,876 

𝑅 2 0.862 0.845 0.854 0.853 0.823 0.873 0.863 0.913 

Notes: Standard errors in parenthesis are clustered at the municipal level. No DC removes all firms in district capitals while 

only NW considers only firms in the four northwestern districts of Viana do Castelo, Braga, Porto, and Aveiro. Winsorization 

of the outcome variable at the 90th percentile in column (11). Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 

1%( ∗ ∗ ∗ ), respectively. 

Table AR.9 

Robustness: Average Wages – Part I. 

Average Wages (ihs) 

Baseline (1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.020 ∗ ∗ ∗ − 0.021 ∗ ∗ ∗ − 0.014 ∗ ∗ ∗ − 0.014 ∗ ∗ ∗ − 0.018 ∗ ∗ ∗ − 0.020 ∗ ∗ ∗ 

(0.005) (0.006) (0.004) (0.004) (0.005) (0.005) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.020 ∗ ∗ ∗ 

(0.006) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 − 0.019 ∗ ∗ ∗ 

(0.005) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 − 0.002 

(0.005) 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 − 0.011 ∗ ∗ ∗ 

(0.004) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y N N Y Y 

NUTS 3– Year FE N N N N Y Y N N 

Controls N N N N N Y N N 

Sector– Year FE N N N N N N Y N 

𝑁 × 𝑇 2,812,764 2,812,764 2,812,764 2,812,764 2,812,764 2,812,764 2,812,280 2,812,764 

𝑅 2 0.631 0.631 0.631 0.631 0.631 0.631 0.635 0.631 

Notes: Standard errors in parenthesis are clustered at the municipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

vector of annual municipal-level controls comprises Population density, Withdrawals on ATMs (automated teller machines) 

per capita, Mean value of traded real estates, and Municipal expenditures per capita. Sector comprises 816 groups of 5-digit 

sectors of activity. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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Table AR.10 

Robustness: Average Wages – Part II. 

Average Wages (ihs) ln(AW + 1) AW 

Only NW Single No DC No Lisbon Winsor Balanced 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.030 ∗ ∗ ∗ − 0.020 ∗ ∗ ∗ − 0.024 ∗ ∗ ∗ − 0.019 ∗ ∗ ∗ − 0.015 ∗ ∗ ∗ − 0.022 ∗ ∗ ∗ − 0.020 ∗ ∗ ∗ − 139.994 ∗ ∗ ∗ 

(0.005) (0.005) (0.005) (0.005) (0.004) (0.005) (0.005) (49.313) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y Y 

𝑁 × 𝑇 1,000,489 2,695,960 2,007,212 1,925,241 2,812,764 1,736,043 2,812,764 2,812,764 

𝑅 2 0.617 0.625 0.619 0.605 0.730 0.673 0.632 0.661 

Notes: Standard errors in parenthesis are clustered at the municipal level. No DC removes all firms in district capitals while 

only NW considers only firms in the four northwestern districts of Viana do Castelo, Braga, Porto, and Aveiro. Winsorization 

of the outcome variable at the 90th percentile in column (11). Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 

1%( ∗ ∗ ∗ ), respectively. 

Table AR.11 

Robustness: Inventory – Part I. 

Inventory (ihs) 

Baseline (1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 0.006 0.018 − 0.011 − 0.011 − 0.032 0.009 

(0.032) (0.040) (0.032) (0.033) (0.035) (0.031) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 0.008 

(0.031) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 0.009 

(0.036) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 0.021 

(0.033) 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 − 0.044 

(0.041) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y N N Y Y 

NUTS 3– Year FE N N N N Y Y N N 

Controls N N N N N Y N N 

Sector– Year FE N N N N N N Y N 

𝑁 × 𝑇 3,753,863 3,753,863 3,753,863 3,753,863 3,753,863 3753863 3,753,479 3,753,863 

𝑅 2 0.815 0.815 0.815 0.815 0.815 0.815 0.820 0.815 

Notes: Standard errors in parenthesis are clustered at the municipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

vector of annual municipal-level controls comprises Population density, Withdrawals on ATMs (automated teller machines) 

per capita, Mean value of traded real estates, and Municipal expenditures per capita. Sector comprises 816 groups of 5-digit 

sectors of activity. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Table AR.12 

Robustness: Inventory – Part II. 

Inventory (ihs) ln(Inventory + 1) Inventory 

Only NW Single No DC No Lisbon Winsor Balanced 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 − 0.005 0.011 − 0.051 0.020 0.006 0.035 0.005 − 11485.269 ∗ ∗ 

(0.038) (0.032) (0.035) (0.031) (0.032) (0.027) (0.030) (4705.109) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y Y Y Y 

𝑁 × 𝑇 1,289,294 3,631,567 2,622,017 2,510,628 3,753,863 2,157,858 3,753,863 3,753,863 

𝑅 2 0.815 0.814 0.813 0.812 0.815 0.846 0.817 0.834 

Notes: Standard errors in parenthesis are clustered at the municipal level. No DC removes all firms in district capitals while 

only NW considers only firms in the four northwestern districts of Viana do Castelo, Braga, Porto, and Aveiro. Winsorization 

of the outcome variable at the 90th percentile in column (11). Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 

1%( ∗ ∗ ∗ ), respectively. 
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Table AR.13 

Robustness: Probability of exit – Part I. 

Prob exit 

Baseline (1) (2) (3) (4) (5) (6) (7) 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 0.006 ∗ ∗ 0.006 ∗ 0.005 0.005 0.005 ∗ 0.006 ∗ ∗ 

(0.002) (0.003) (0.003) (0.003) (0.003) (0.002) 

𝑄𝑢𝑎𝑟𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 0.005 ∗ 

(0.003) 

𝑆𝑖𝑥𝑡𝑖𝑙𝑒 × 𝑃𝑜𝑠𝑡 0.006 ∗ 

(0.003) 

𝑅𝑖𝑛𝑔 × 𝑃𝑜𝑠𝑡 − 0.000 

(0.003) 

𝑁𝑜𝑆𝐶𝑈𝑇 × 𝑃𝑜𝑠𝑡 0.002 

(0.005) 

Firm FE Y Y Y Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y N N Y Y 

NUTS 3– Year FE N N N N Y Y N N 

Controls N N N N N Y N N 

Sector– Year FE N N N N N N Y N 

𝑁 × 𝑇 4,871,327 4,871,327 4,871,327 4,871,327 4,871,327 4,871,327 4,870,975 4,871,327 

𝑅 2 0.390 0.390 0.390 0.390 0.390 0.390 0.394 0.390 

Notes: Standard errors in parenthesis are clustered at the municipal level. Nuts 2 (3) comprises 5 (25) groups of regions. The 

vector of annual municipal-level controls comprises Population density, Withdrawals on ATMs (automated teller machines) 

per capita, Mean value of traded real estates, and Municipal expenditures per capita. Sector comprises 816 groups of 5-digit 

sectors of activity. Asterisks indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 

Table AR.14 

Robustness: Probability of exit – Part II. 

Prob exit 

Only NW Single No DC No Lisbon Balanced 

𝑇 𝑟𝑒𝑎𝑡𝑒𝑑 × 𝑃𝑜𝑠𝑡 0.006 ∗ 0.006 ∗ ∗ 0.007 ∗ ∗ 0.004 ∗ ∗ 0.002 ∗ 

(0.003) (0.002) (0.003) (0.002) (0.001) 

Firm FE Y Y Y Y Y 

NUTS 2– Year FE Y Y Y Y Y 

𝑁 × 𝑇 1,686,125 4,730,904 3,391,952 3,237,922 2,157,858 

𝑅 2 0.394 0.393 0.394 0.392 0.463 

Notes: Standard errors in parenthesis are clustered at the municipal level. No DC removes all firms in district capitals while 

only NW considers only firms in the four northwestern districts of Viana do Castelo, Braga, Porto, and Aveiro. Asterisks 

indicate significance levels of 10% ( ∗ ), 5% ( ∗ ∗ ), and 1%( ∗ ∗ ∗ ), respectively. 
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Supplementary material associated with this article can be found, in

he online version, at 10.1016/j.jue.2023.103569 . 
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