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Abstract: This study addresses the crucial question of the macroeconomic impact of investing 

in railroad infrastructure in Portugal. The aim is to shed light on the immediate and long-term 

effects of such investments on economic output, employment, and private investment, 

specifically focusing on interindustry variations. We employ a Vector Autoregressive (VAR) 

model and utilize industry-level data to estimate elasticities and marginal products on these 

three economic indicators. Our findings reveal a compelling positive long-term spillover effect 

of these investments. Specifically, every €1 million in capital spending results in a €20.84 

million increase in GDP, a €17.78 million boost in private investment, and 72 new net 

permanent jobs. However, these gains are not immediate, as only 14.5% of the output increase 

and 38.8% of the investment surge occur in the first year. In contrast, job creation is nearly 

instantaneous, with 93% of new jobs materializing within the first year. A short-term negative 

impact on the trade balance is expected as new capital goods are imported. Upon industry-level 

analysis, the most pronounced output increases are witnessed in the real estate, construction, 

and wholesale and retail trade industries. The most substantial net job creation occurs in the 

construction, professional services, and hospitality industries. This study enriches the empirical 

literature by uncovering industry-specific impacts and temporal macroeconomic effects of 

railroad infrastructure investments. This underscores their dual advantage in bolstering long-

term economic performance and counteracting job losses during downturns, thus offering 

valuable public policy implications. Notably, these benefits are not evenly distributed across 

all industries, necessitating strategic sectoral planning and awareness of employment agencies 

to optimize spending programs and adapt to industry shifts. 
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1. Introduction 

Infrastructure investment is crucial for achieving sustainable development goals 

and improving the quality of life (Thacker et al., 2019). It plays a role in international 

competition, a cleaner environment, and economic opportunities for the disadvantaged 

(Aschauer, 1990; Kessides, 1996; World Bank, 1994). The UN Secretary-General 

António Guterres recently emphasized the importance of sustainability in 

infrastructure investment, aiming to increase societal resilience and reduce climate risk 

(United Nations Environment Programme, 2022). To ensure sustainable infrastructure, 

it must be planned, designed, delivered, and managed to reduce negative impacts and 

increase positive impacts (The Economist Intelligence Unit, 2019; The World Bank 

and International Growth Centre, 2022).  
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Infrastructure is a multilevel system of facilities and structures consisting of 

tangible and intangible assets that are essential for the efficient functioning of an 

economy and for meeting a population’s social needs (Baskakova and Malafeev, 2017). 

It is characterized by technological, economic, and institutional attributes and 

functions that vary with the demands of households, enterprises (Jochimsen, 1966; 

Rosenstein-Rodan, 1943), and the economy as a whole (Buhr, 2003). The concept of 

infrastructure is dynamic and constantly expanding and renewing (Baskakova and 

Malafeev, 2017). Intangible infrastructure includes the rule of law, stable governance, 

legal frameworks, the regulatory environment, urban planning, access to financing and 

capital markets, the educational system, research and development (R&D) capability, 

and high-speed Internet connectivity (Haskel and Westlake, 2018; Hazan et al., 2021; 

Kersley et al., 2008). The tangible type comprises economic and social infrastructure 

(Démurger, 2014; Fourie, 2006). The first promotes economic activity through 

services to households and firms, and includes transportation systems, 

telecommunications networks, power plants, electricity grids, and dams, as well as 

other water and sewage facilities. Social infrastructure, such as health facilities, 

educational buildings, public housing, and cultural structures, enhances population 

health and education. From a human capital perspective, this infrastructure directly or 

indirectly impacts economic growth and development (Arrow et al., 1995; Becker, 

2007; Brock and Taylor, 2005). 

Transportation is one of the largest categories of infrastructure investment (World 

Bank, 2007) with complex and expensive projects (OECD, 2023). In Portugal, 

between 1980 and 2018, transportation infrastructure investment amounted to 1.3% of 

GDP and 29.5% of the overall infrastructure investment spending (GEE–Gabinete de 

Estratégia e Estudos, Portuguese Ministry of the Economy and the Sea). This ranked 

transportation above social infrastructure (24.6%), and below utilities (46%). The 

corresponding figures for 2010–18 were 0.51% and 12.8%, respectively. In 2015, 

transport infrastructure investment and maintenance spending as a share of GDP was 

around 0.5% in the US, Canada, Germany, Italy, and Spain; 1%–1.5% in Turkey, India, 

and Korea; and almost 5% in China (Rodrigue, 2020). Between 2010 and 2020, China, 

Japan, Germany, Great Britain, Scandinavian, and Eastern European countries 

increased investment in inland transport infrastructure, whereas Spain registered a 

compound annual growth rate of −9.5% during the same period (International 

Transport Forum, 2022). 

From 1980 to 2018, railroad infrastructure investment in Portugal accounted for 

0.25% of GDP and 5.4% of the overall infrastructure investment (GEE–Gabinete de 

Estratégia e Estudos, Portuguese Ministry of the Economy and the Sea). Between 2010 

and 2018, 0.1% of GDP was allocated to this type of transport, similar to US spending 

that year (International Transport Forum, 2022). In 2018, the average rail 

infrastructure investment in 42 International Transport Forum (ITF) member countries 

was 0.3% of their GDP, a decrease from 0.5% in 2010. China topped the list at 0.9% 

of GDP. Between 2010 and 2020, Greece, Spain, and Portugal experienced compound 

annual growth rates of investment in rail infrastructure of approximately −20%, −12%, 

and −6%, respectively. Between 1980 and 2018, Portugal devoted 19.2% of its 

transportation infrastructure investment to rail, an equivalent 20.5% of the total 

investment in rail and road infrastructure (see Table 1). At the end of 2019, the five 
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countries that invested more in rail than road infrastructure were Austria (79%), Great 

Britain (58%), Belgium (55%), France (54%), and Luxembourg (52%) (International 

Transport Forum, 2022). 

Table 1. Infrastructure investment by type of asset. 

 1980–2018 1980–89 1990–99 2000–09 2010–18 

Percent of GDP 

Infrastructure investment 4.30 3.24 4.65 5.39 3.85 

Road transportation 0.97 0.75 1.31 1.40 0.36 

National roads 0.40 0.35 0.60 0.53 0.08 

Municipal roads 0.33 0.34 0.41 0.37 0.20 

Highways 0.24 0.07 0.30 0.49 0.08 

Other transportation  0.33 0.22 0.47 0.47 0.15 

Railroads 0.25 0.15 0.37 0.35 0.10 

Ports 0.04 0.03 0.06 0.05 0.03 

Airports 0.04 0.03 0.03 0.06 0.03 

Utilities 1.97 1.46 1.86 2.40 2.19 

Water and waste facilities 0.44 0.34 0.45 0.52 0.43 

Petroleum refining 0.14 0.09 0.18 0.15 0.13 

Electricity and gas 0.62 0.46 0.36 0.82 0.87 

Telecommunications 0.78 0.56 0.86 0.92 0.74 

Social infrastructures 1.02 0.81 1.01 1.13 1.14 

Health facilities 0.44 0.28 0.45 0.53 0.52 

Educational buildings 0.58 0.53 0.57 0.60 0.62 

Percentage of total infrastructure investment 

Infrastructure investment 100.00 100.00 100.00 100.00 100.00 

Road transportation 22.09 23.42 28.45 26.07 9.10 

National roads 9.08 10.69 13.07 9.85 1.98 

Municipal roads 7.95 10.45 8.93 6.93 5.19 

Highways 5.06 2.28 6.45 9.29 1.93 

Other transportation  7.36 6.73 9.96 8.69 3.70 

Railroads 5.41 4.61 7.87 6.53 2.31 

Ports 1.01 1.06 1.33 0.99 0.64 

Airports 0.94 1.05 0.76 1.17 0.76 

Utilities 45.99 44.67 39.71 44.18 56.44 

Water and waste facilities 10.19 10.28 9.88 9.72 10.97 

Petroleum refining 3.06 2.86 3.80 2.60 2.98 

Electricity and gas 14.75 14.17 7.63 15.35 22.66 

Telecommunications 17.98 17.36 18.41 16.51 19.83 

Social infrastructures 24.56 25.18 21.87 21.06 30.76 

Health facilities 10.50 8.79 9.57 9.89 14.11 

Educational buildings 14.06 16.40 12.30 11.17 16.65 

Source—Calculations by the authors, based on information from the Gabinete de Estratégia e Estudos, 

Portuguese Ministry of the Economy and the Sea (GEE, 2022). 
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Railroad infrastructure investments in Portugal are being planned and occurring 

slowly against a backdrop of decades of underinvestment, an almost obsolete system, 

and recurring budget cuts. The Ferrovia 2020 plan launched in 2016 aimed to 

modernize Portugal’s railroad network by improving international connections, 

boosting freight transport competitiveness, and promoting interoperability 

(Infraestruturas de Portugal, 2016). The Portuguese Rail Network Investment Plan for 

2030, which allocates more than €10 billion to rail infrastructure, indicates a strong 

political commitment to transforming Portugal’s rail system. However, its execution 

has faced a series of delays that are often highlighted by financial news outlets. Several 

challenges must be addressed to ensure the successful implementation of this plan. 

These include speeding up project timelines, constraining the impact on national debt, 

securing the necessary fiscal provisions for the national co-financing portion, and 

ensuring that Portugal’s rail network stays connected as neighboring countries 

advance towards high-speed rail systems. This multifaceted task, propelled by 

economic, environmental, and social imperatives, requires a robust political will. 

However, political commitment, while crucial, is insufficient. The synergy among a 

well-defined strategy, adequate resources, and timely execution is vital for building a 

competitive rail system. With the threat of losing key EU funding, namely the 

Connecting Europe Facility mechanism, due to delays, it becomes imperative to 

complement political will with effective project management, fiscal prudence, and 

strategic foresight. Only a holistic political and financial approach can realize 

Portugal’s vision for a modern, competitive rail network, boosting long-term national 

competitiveness and offering a sustainable transport alternative to an already extensive 

network of highways. 

Our study aims to quantify the economic performance effects of investing in 

railroad infrastructure in Portugal using a multivariate dynamic time-series approach 

following Pereira and De Frutos (1999), Pereira (2000), Pereira (2001), and Pereira 

and Andraz (2003). This approach estimates industry- and infrastructure-specific 

vector autoregressive (VAR) models (Blanchard and Perotti, 2002), considering how 

investments affect output, employment, and private investment in 22 industries. The 

study also identifies the importance of demand and supply–side channels and their 

timings. The approach, related to fiscal multipliers (Mineshima et al., 2014; Ramey, 

2011), highlights the dynamic relationship between infrastructure investments and the 

rest of the economy, accounting for dynamic interactions in all relevant timeframes. 

Railroad investment affects the private sector variables over time, and the evolution 

of these variables also affects railroad investment. This dynamic feedback allows for 

possible endogeneity of railroad investments and the possibility of reverse (Granger) 

causality. 

The approach we follow is empirical but not a-theoretical, as it uses a dynamic 

model of the economy based on capital, labor, and railroad infrastructure to generate 

private output. Firms determine input demands, whereas the public sector uses 

economic performance-based policy rules to evolve railroad investments. Consistent 

with Pereira and de Frutos (1999), the estimated VAR model is a reduced form of 

production, input demand, and policy functions.  

Our main contribution to the empirical literature is the identification of industry-

by-industry incidence of the economic performance effects of railroad infrastructure 
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investment in Portugal. Similar to Lee et al. (2018), this provides a more nuanced and 

granular view than previous efforts, such as Pereira and Andraz (2012; 2005), which 

have a marked aggregate or regional focus. Industries differ in their transportation 

needs (Tioga Group, 2014) and railroad infrastructure investments can have significant 

industry-specific economic and social effects (Melo et al., 2013). Knowing these 

effects helps policymakers make informed decisions about resource allocation, 

prioritize projects, and target investments in geographical areas with the most positive 

impact.  

This study is timely and relevant. As Portugal continues to lag its EU peers in 

terms of real convergence, promoting long-term economic growth through public 

investments remains a key challenge. In addition, with the vast majority of the 

Portuguese population living in metropolitan areas, families currently spend a lion’s 

share of their income on housing. This presents an opportunity to encourage life on 

the periphery, thus improving inter–regional cohesion. However, reliable, efficient, 

and economical interurban modes of transport are urgently required. From a structural 

perspective, railway projects appear to be a particularly good option in Portugal for 

two reasons. First, the consensus is that road investments (especially highways) have 

run into diminishing returns. Second, because of the potentially even lower energy 

consumption, investing in railroad infrastructure can also help reduce greenhouse gas 

(GHG) emissions and thus help meet Portugal’s environmental targets.  

The remainder of this paper is organized as follows. Section 2 presents an 

overview of the economic benefits of transportation in general and railroad 

infrastructure in particular, followed by a sketch of the most salient factors in choosing 

between investing in road or railroad infrastructure. Section 3 presents data on railroad 

infrastructure investments, as well as on output, employment, and investment for each 

of the 22 industries. Section 4 sketches the steps in data analysis involving 

nonstationarity, identification, and measurement issues. Section 5 focuses on the 

empirical results, namely the long-term economy-wide and industry-specific 

economic performance effects of railroad infrastructure investments, as well as their 

effects on impact, intertemporally, and, ultimately, their changes to the industry mix. 

Finally, Section 6 summarizes the major findings of this study and discusses their 

policy implications. 

2. Economic benefits of transportation and railroad infrastructure: 

An overview 

This section overviews the economic benefits of transportation infrastructure and 

then drills down, comparing road to railroad infrastructure, which is the focus of this 

paper. 

2.1. Transportation infrastructure 

Transportation infrastructure is crucial for social development and sustainability 

(Banerjee et al., 2020; Rodrigue, 2016, 2020; Wang et al., 2018) and targets economic 

efficiency, equity, health, and environmental integrity. However, innovative thinking, 

planning, and management are necessary for obtaining reliable solutions (Jeon and 

Amekudzi, 2005; Litman and Burwell, 2006). Policymakers and stakeholders must be 
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aware of the economic effects of transportation infrastructure investments on informed 

decisions (Cohen, 2010; Lakshmanan, 2011; Oosterhaven and Knaap, 2003). 

Investing in transportation infrastructure improves quality of life by reducing 

congestion (Fageda, 2021; Low and Odgers, 2012) and enhancing safety, making it 

essential for a flourishing economy (Lin and Wei, 2019; Truong and Currie, 2019). 

Modern transportation infrastructure enhances local economies by being fast, 

flexible, reliable, and cost-effective (Bent and Singa, 2009; Sahin et al., 2014). This 

competitiveness (Agrawal et al., 2017; Pradhan, 2019) attracts new businesses and 

industries (Gibbons et al., 2019; Zheltenkov et al., 2017), such as tourism (Doerr et al., 

2020; Khadaroo and Seetanah, 2008), which benefits from cost savings for businesses 

and consumers (Donaldson, 2018). 

Improved transport modes facilitate interregional and international trade by 

reducing costs (Donaldson, 2018; Limão and Venables, 2001; Rehman et al., 2020), 

enabling remote locations to trade with the rest.  

Improved connectivity (OECD, 2020) and market access for final goods 

(Donaldson, 2018; Zheltenkov et al., 2017), labor (Sobieralski, 2021; Zhang et al., 

2017), and essential social services such as health and education (Fay et al., 2005; 

McMinn et al., 2014; OECD, 2020) lead to market expansion (Limão and Venables, 

2001). Fair access to transport opportunities can bridge the economic and social divide, 

creating long-lasting employment opportunities and bridging the economic and social 

divide (Bastiaanssen et al., 2020; Martincus et al., 2017; Sobieralski, 2021). 

Boosts in activity promote regional development and accelerate economic growth 

(Chi, 2015; Chi and Baek, 2016; Pradhan, 2019) through direct and indirect pathways, 

enhancing economic performance through investments and job creation in relevant 

industries (Dash, 2016; Lin, 2020). 

Transportation infrastructure investments in the short run support output and 

employment in industries such as construction and material production (Melo et al., 

2013; OECD, 2020). Over time, productivity increases (Deichmann et al., 2004; 

Millemaci and Ofria, 2016; Wachs, 2011), and economic growth materializes (Ansar 

et al., 2016; Cigu et al., 2018; International Transport Forum, 2020). Despite evidence 

that infrastructure investments may divert economic activity (Gibbons et al., 2019; 

Haughwout, 1999; Wachs, 2011), the economic performance effects of these 

investments are overwhelmingly positive. Studies have shown that the UK (Young et 

al., 2020), Netherlands (Sturm et al., 1999), Central and Eastern European countries 

(Chi, 2015; Vlahinić Lenz et al., 2018), Belgium (Meersman and Nazemzadeh, 2017), 

India (Mohanty et al., 2022; Rudra Pradhan and Bagchi, 2013), China (Chen, 2019; 

Ren and Ding, 2019), Japan (Yoshino and Abidhadjaev, 2017), and Asia (Sawada, 

2019) all exhibit positive economic performance effects. Three key takeaways from 

this literature are that overall economic performance effects tell us nothing about their 

constituent parts; we need to look under the aggregate hood and examine industry-

specific effects as we do in this study, much like the construction of transportation 

infrastructure creates jobs, so does its maintenance; and finally, the full economic 

impact may not be known until years after a project is completed, making a dynamic 

long-run analysis of these effects paramount for a comprehensive appraisal. 
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2.2. Railroad vs road infrastructure 

In this subsection, we highlight the most salient factors that should be considered 

when choosing between investing in two types of transportation infrastructure: rail and 

road. The two modes of transport serve different markets. A good decision is made 

not only in the context of geography, population density, and existing infrastructure, 

but also by the available budget (Berechman et al., 2006; Worsley, 2020). A systematic 

appraisal that fully compares the merits of investing in new rail and road requires a 

cost-benefit analysis that considers environmental, safety, and time savings 

(International Transport Forum, 2020). For further guidance, see, for instance, Affuso 

et al. (2003), who presented a comprehensive methodology. 

Investing in new roads can improve economic performance, especially in vehicle-

intensive industries (Achour and Belloumi, 2016; Fernald, 1999; Zhang et al., 2020), 

but may not be evenly distributed across locations (Elburz and Cubukcu, 2021) and 

may affect air quality depending on road design, traffic, and vehicle characteristics in 

terms of emissions (Wang and Zhang, 2009).  

In developing and transitioning countries, maintaining and rehabilitating existing 

roads can yield more economic benefits than building new roads (Kerali, 2003). Roads 

are preferred for short-distance travel (International Transport Forum, 2020), 

providing better accessibility for local businesses given the door-to-door service that 

comes with expanded coverage and connectivity (Litman, 2023). Road infrastructure 

is less expensive, involves fewer rights of way (Affuso et al., 2003), and is more 

readily implemented than rail investment. Known for their lumpiness, rail 

infrastructure is relatively more expensive per km because of its higher initial cost 

(Biondini and Frangopol, 2019; Grimes and Barkan, 2006; Teodorovic and Janic, 

2022). Nevertheless, railroads have lower maintenance costs and are easier to integrate 

with other forms of transportation (Bergqvist and Behrends, 2011; Levinson and 

Krizek, 2018; Rodrigue, 2020), making them better suited for point-to-point journeys 

(Macharis and Bontekoning, 2004). As a matter of physics, railroad steel wheels 

rolling on steel rails have a resistance coefficient of 6 to 20 times smaller than that of 

a truck or car tire rolling on tar or asphalt (The Engineering Toolbox, 2008). 

Railways offer long-distance transportation services with lower carbon footprints 

than roads, thereby reducing congestion and pollution (Berechman et al., 2006; Bilgili 

et al., 2019; Fageda, 2021). According to a 2018 survey carried out by the UK 

Department for Business, Energy and Industrial Strategy (OWID, 2020), international 

rail (Eurostar) and national rail produce between 6 and 41 g of carbon dioxide 

equivalent per passenger kilometer, respectively, compared to medium cars that 

produce between 171 (diesel) and 192 (petrol) grams of carbon. Investing in rail 

infrastructure can provide economic benefits, increased interconnectivity between 

regions (Vickerman, 1997), job market accessibility (Yen, 2020), and improved 

energy efficiency (Chen, 2021; Erdogan, 2020; González et al., 2008), especially for 

freight transport, as it can haul much larger cargo volumes at higher speeds than roads. 

With lower emissions per ton of cargo transported, railroads are more environmentally 

friendly than roads (Dimoula et al., 2016; Gao, 2019; International Energy Agency, 

2011), making them the preferred choice for sustainable transport during the energy 
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transition. Notwithstanding, railroads also impact the environment during construction 

and if they pass through environmentally sensitive areas (Carpenter, 1994). 

Rail transport is more economical (Fageda, 2021; Litman, 2005), less risky in 

terms of damaged goods or theft (Ekwall and Lantz, 2017), healthier (Fageda, 2021; 

Wrótny and Bohatkiewicz, 2021) less congested (Bhattacharjee and Goetz, 2012; 

Fageda, 2021), safer because of lower traffic death rates (Bhattacharjee and Goetz, 

2012; Johner, 1983; Liu and Moini, 2015; Tavakoli Kashani and Sartibi, 2022; 

Whitehouse, 2001) more reliable in the sense that it’s less affected by external factors 

that cause delays (Litman, 2005; Pinto et al., 2018), and more comfortable than road 

transport (International Transport Forum, 2020), especially for long-distance inter-

urban travel (Affuso et al., 2003; González et al, 2008). Environmental pollution from 

road noise often exceeds environmental pollution from railway noise by a factor of 10 

(Gu et al., 2019; Sun et al., 2019). Shifting from cars to trains can also significantly 

improve air quality (Chen and Whalley, 2012; Chester and Horvath, 2010; Wang et 

al., 2010). Nonetheless, Krüger (2012) disputes that rail transport is safer because of 

lower traffic death rates.  

Railways have higher capacity and benefit from economies of density, whereby 

longer trains on the same infrastructure lower the cost per ton-km, in the case of freight, 

or per passenger-km, in the case of people (Growitsch and Wetzel, 2009), and also 

from economies of scope, where the same infrastructure can be used to transport 

various types of cargo or passengers, leading to lower overall costs (Bitzan and Keeler, 

2007; Keaton, 1990). This reduces the costs per ton-km for freight and per passenger-

km for people. Rail supports certain industries by compressing shipping costs, 

promoting trade, reducing productivity shocks, and increasing real estate value 

(Donaldson, 2018). 

2.3. Railroad infrastructure 

The literature provides substantial evidence that investment in railroad 

infrastructure can yield a positive macroeconomic impact, although the magnitude and 

channels through which these effects occur depend on contextual factors.  

Investing in rail infrastructure has a proven positive multiplier effect on GDP. 

Although most studies focus on the level of output, there are studies such as Liu et al. 

(2023) that report a 0.048 percentage point acceleration in economic growth for every 

1% increase in the railway infrastructure. The positive effect on GDP occurs through 

various mechanisms such as construction activities in the short run and changes in 

residents’ preferences for leisure tourism consumption over time (Wu et al, 2021). In 

the long term, enhanced railroad infrastructure reduces transportation costs and 

improves connectivity between regions and economic hubs, thereby incentivizing 

firms to invest and enabling productivity gains across sectors (Yii et al, 2018; 

Bangaraju et al., 2022).  

This connectivity effect leads to indirect GDP gains stemming from increased 

private investment, industrial agglomeration, and trade facilitation (Chen and Li, 2021; 

Alotaibi et al., 2022). However, the relationship between rail infrastructure and GDP 

is not always linear. Acheampong et al. (2022) found that it could even be negative in 

some contexts, particularly because of poor project selection or inefficiencies in 
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outdated rail systems (Lenz et al., 2018; Maciulyte-Sniukiene and Butkus, 2022). 

Hence, careful project evaluation and targeting are essential to ensure that these 

macroeconomic benefits are fully realized in any given context. 

Railroad infrastructure investments have also been shown to increase 

employment through both the direct and indirect channels. During project construction, 

these investments directly generate employment in several fields such as materials, 

construction, and engineering (Gnap et al., 2021; Sobieralski, 2021; Wu et al., 2021). 

Indirect employment effects stem largely from the connectivity benefits of an 

expanded rail network. By improving accessibility and reducing transportation costs, 

railroads incentivize private investment and commercial activity in proximal areas 

(Pokharel et al., 2023; Yii et al., 2018), thereby increasing employment (Sobieralski, 

2021; Chi, 2015).  

However, Sobieralski (2021) cautioned that railway investments may not 

increase employment in an automobile-centric environment. Moreover, 

overinvestment without adequate returns can displace jobs in other sectors (Lenz et al., 

2018; Yii et al., 2018). Therefore, the net impact on employment remains context 

specific. 

Investments in railroad infrastructure have significant ripple effects on broader 

investment activities. Bangaraju et al. (2022) pointed out that improved transport 

infrastructure can make a region more attractive to businesses, leading to increased 

investment. As Pokharel et al. (2023) demonstrated in their study on the Indian 

subcontinent, transport infrastructure projects stimulating local accessibility and 

connectivity incentivized firms to establish operations in newly connected areas.  

At the regional level, rail infrastructure investments act as catalysts for growth 

and development by strengthening urban-rural linkages and facilitating market 

integration (Alotaibi et al., 2022). However, as Cascetta et al. (2020) discuss, for rail 

investments to fully catalyze regional development, complementary institutions and 

capacities related to innovation and human capital should be in place. Factor mobility 

also plays an important role in determining the economic benefits of infrastructure 

development (Banerjee et al., 2020). Overinvestment risks the unproductive allocation 

of resources in areas that lack such foundational conditions (Yii et al., 2018).  

In summary, although rail infrastructure investments can stimulate broader 

capital accumulation through direct, indirect, and induced channels, realizing this 

potential depends on well-targeted projects attuned to the local context. 

Railroad infrastructure investments have significant macroeconomic impacts on 

output (Berechman et al., 2006; Berger, 2019; Donaldson, 2018), employment 

(Berechman et al, 2006; Johansson et al., 2020; Li et al., 2020), productivity 

(Deichmann et al., 2004; Johansson et al., 2020; Litman, 2005), and private investment 

(Berechman et al., 2006; Bom and Ligthart, 2014; Pereira and Pereira, 2018a). 

However, Fageda and Gonzalez-Aregall (2017) find no significant impact on 

industrial employment. Some studies (Donaldson, 2018b) suggest that neighboring 

regions without railroad access are harmed, whereas others (Shabani and Safaie, 2018) 

find significant spatial spillovers. Knowledge-based centers benefit from urban rail 

access because of their viability and cultural attraction (Newman et al., 2013). 

For Portugal in particular, the available literature on the economic performance 

effects of railroad infrastructure investments is limited to Pereira and Andraz (2012, 
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2005). Compared to our study, their research has a more aggregate and regional focus, 

and does not explicitly model industry-specific effects. They find that railroad 

investments have strong effects on output and crowds in both employment and private 

investments. While all regions in Portugal benefit from increased private investment 

flows, employment gains are concentrated in the north and around Lisbon, while 

output fails to increase in the Alentejo region.  

3. Data sources and description 

3.1. The railroad infrastructure investment dataset 

The industry-specific empirical analysis we carry out in this study was only 

recently made possible by the availability of a rather comprehensive dataset on 

infrastructure investments in Portugal between 1978 and 2011 (Pereira and Pereira, 

2016), which includes information on 12 types of infrastructure investments.  

The rights to this dataset have since been acquired by the Portuguese Ministry of 

the Economy and the Sea with the responsibility of regular updates (GEE–Gabinete 

de Estratégia e Estudos, 2022). Although this dataset has been partially updated 

through 2021, the results of this study were obtained using data from 1978 to 2011. 

This horizon is necessary for two reasons. First, regarding data on infrastructure 

investment, the most sensitive component in our analysis, several important 

methodological questions remain surrounding the internal consistency of these 

updates with the earlier dataset. Obtaining a comprehensive dataset for infrastructure 

investment for any economy for a reasonably long period is a challenging undertaking. 

The second reason relates to the circumstances of the Portuguese economy in the 

2010s. Following the Great Financial Crisis and the European sovereign debt 

turbulence in Portugal, since 2011 there has been extraordinary public budgetary 

restraint coupled with persistently disappointing structural macroeconomic 

performance. In this setting, infrastructure investment flows almost came to a 

screeching halt. As this period breaks with ongoing long-term economic trends, it is 

hardly typical in any meaningful structural manner. In addition, adequate treatment of 

this structural break would require a much longer time series than currently available. 

Table 1 highlights the evolution of Portugal’s infrastructure investments as a 

percentage of GDP and total infrastructure investment. Overall, infrastructure 

investment spending grew substantially over the 39 years from 1980 to 2018, 

averaging 4.3% of GDP (see Table 1). Starting from 3.2% in the 1980s, it climbed to 

4.7% in the 1990s and 5.4% of GDP in the 2000s—its apex—before leveling off to 

3.9% in the 2010s. In 1986, Portugal joined the EU (then termed the European 

Economic Community), and in the 1990s, Portugal benefited from EU Structural and 

Cohesion funds in the context of the first (1989–1993) and second (1994–1999) 

Community Support Frameworks (CSF). Infrastructure investment decelerated during 

the third CSF (2000–2006), and then much more markedly with Quadro de Referência 

Estratégico Nacional (QREN) (2007–2013), the National Strategic Reference 

Framework. 

A taxonomy of 12 types of infrastructure assets was considered and categorized 

into four groups: road transportation, other transportation, utilities, and social 
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infrastructure. In the first group, the road transportation category included national 

roads, municipal roads, and highways, which together accounted for 22.1% of the total 

infrastructure investment (just under 1% of GDP) between 1980 and 2018. In the 

second group, the other transportation category includes railroads, ports, and airports, 

accounting for 7.4% of the total infrastructure investment and averaging 0.33% of 

GDP during the same period. 

In the other transportation infrastructure category, railroads represent the bulk 

(76%) of investment spending between 1980 and 2018, averaging 0.25% of GDP 

during this period. The apex (0.37% of GDP) was reached in the 1990s.  

In the 1990s, the railway system was greatly modernized and reconverted (CP-

Comboios de Portugal, EPE, n.d.), with a series of landmark achievements such as the 

Alfa train connecting Lisboa and Porto, electric quad and triple units for use in urban 

and suburban lines (Sintra, Coimbra, and Figueira da Foz), a complete overhaul of the 

Western Line, the intercity service connecting Barreiro, Beja, and Évora, the 

interregional service in the Algarve, the preparatory work for the railway crossing on 

the Tejo Bridge, and the expansion of the North Line between Lisboa and Azambuja.  

From 2000 to 2005, the railway sector began its reconfiguration process, 

shrinking its mainland network to 2800 km, from a height of 3627 km in 1950 

(República Portuguesa, 2022). This was mainly due to the partial closing of narrow 

and low-density lines in regions, such as Alentejo. At the same time, other nodes (such 

as Braga, Sete Rios-Roma/Areeiro, and Benfica-Agualva/Cacém) were intensively 

modernized with doubling and, in some cases, quadrupling the capacity to meet the 

most severe bottlenecks that emerged in the network. 

From 2005 onwards, in line with the modernization efforts directed at passengers 

and building on the contract signed in 2002 between CP-Comboios de Portugal, EPE, 

and Sociedade Mineira de Neves Corvo (SOMINCOR) for the transport of ore from 

Neves Corvo, several vital connections for freight transport were established or 

upgraded. This is the case for the Aveiro Port, the Alcácer do Sal variant, and the 

connection between Coina and the Siderurgia Nacional (steel industry). In 2021, the 

Beira Baixa line connecting Covilhã and Guarda reopened.  

As a result of all these modernization, reconversion, and reconfiguration efforts, 

between 1990 and 2019, the railway system lost 600 km in use (down to 2526 km), 

while the highway network expanded 2800 km over the same period (Cruz et al., 2021). 

Since the 1980s, with enhanced purchasing power and free access to consumer 

credit, there has been a strong shift in the preferred transportation mode from public 

alternatives to cars (Cruz et al., 2021). This trend accelerated between 1990 and 2005 

and leveled off. During this period, the collective transport quota (buses and trains) in 

overall land transport fell from over 30% to approximately 10% (República 

Portuguesa, 2022). To meet this shift in demand from the supply side, investment in 

road infrastructure was prioritized over that in railways.  

As a result, in terms of accessibility, while the road system has experienced 

continuous improvements throughout the country, many regions are still more than 15’ 

away from a rail station, with some more than 60’ away (República Portuguesa, 2022). 

Such disparities are obviously a reason for concern regarding territorial cohesion. 
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3.2. The industry data set 

The data on industry-specific output, employment, and private investment used 

in our analysis come from different annual issues in the National Accounts published 

by the Instituto Nacional de Estatística (National Institute of Statistics—Statistics 

Portugal, 2016). Employment is measured in thousands of employees.  

Spanning the spectrum of all economic activities, we consider 22 industries 

grouped into four sectors. The different industries were grouped into two primary 

industries (agriculture and mining), seven manufacturing industries (food, textiles, 

paper, chemicals and pharmaceuticals, non-metallic minerals, basic metals, and 

machinery and equipment), ten private service industries (electricity and gas, water, 

construction, wholesale and retail trade, transportation, hospitality, 

telecommunications, finance, real estate, and professional services), and three public 

service industries (public administration, health, and education). Table 2 provides 

details for each of the different industries. 

Table 2. Industry classification of economic activity. 

Primary sector—Agriculture 

Agriculture (S1) Agriculture, crop and animal production, hunting, forestry, and fishing 

Mining (S2) Mining and quarrying 

Secondary sector—Manufacturing 

Food (S3) Manufacture of food products, beverages, and tobacco products 

Textiles (S4) Manufacture of textiles, wearing apparel and leather products 

Paper (S5) 

Chemical and Pharmaceutical (S6) 

Manufacture of wood and paper products, and printing 

Manufacture of chemicals and chemical products. Manufacturing of basic 

pharmaceutical products and pharmaceutical preparations. 

Non-metallic minerals (S7) Manufacture of rubber and plastics products, and other non-metallic mineral products 

Basic metals (S8) 
Manufacture of basic metals and fabricated metal products, except machinery and 

equipment 

Machinery and equipment (S9)  

Manufacture of computer, electronic and optical products; Manufacture of electrical 

equipment; Manufacture of machinery and equipment; Manufacture of transport 

equipment; Manufacture of furniture; other manufacturing; repair and installation of 

machinery and equipment 

Electricity and gas (S10) Electricity, gas, steam, and air-conditioning supply 

Water (S11) Water, sewerage, waste management and remediation activities 

Construction (S12) Construction 

Wholesale and retail trade (S13) Wholesale and retail trade, repair of motor vehicles and motorcycles 

Tertiary sector—Private services 

Transportation and storage (S14) Transportation, warehousing and storage, and postal and courier activities 

Hospitality (S15) Accommodation, and food and beverage service activities 

Telecommunications (S16) Telecommunications 
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Table 2. (Continued). 

Tertiary sector—Private services 

Finance (S17) Financial and insurance activities 

Real estate (S18) Real estate activities 

Professional services (S19) 

Publishing, audiovisual and broadcasting activities; Computer programming, 

consultancy and related activities; Information service activities; Legal and accounting 

activities; activities of head offices; Management consultancy activities; Architecture 

and engineering activities; Technical testing and analysis; Scientific research and 

development; Advertising and market research; Other professional, scientific and 

technical activities; Veterinary activities; Administrative and support service activities; 

Arts, entertainment and recreation; Rental and leasing activities; Security and 

investigation; Other services activities 

Tertiary sector—Public services 

Public administration (S20) Public administration and defense; Compulsory social security 

Education (S21) Education 

Health (S22) Human health activities; Residential care; Social work activities 

Source—Instituto Nacional de Estatística. 

4. Methodological considerations and preliminary data analysis 

4.1. The methodological approach 

Using industry-level data, our ultimate goal was to estimate the economic 

performance effects of railroad infrastructure investments, namely industry-specific 

private investment, employment, and output. With this goal, we use a dynamic 

multivariate methodology based on a vector autoregressive (VAR) approach. In this 

context, a VAR model can be conceptualized as a reduced form of a system consisting 

of a production function, two-factor demand functions, and a policy function for 

infrastructure investment, which operates as an externality for private production. This 

VAR approach has multiple advantages, as it incorporates the simultaneous 

endogeneity of different variables and fully captures the dynamic interactions among 

such variables. The process allows for the identification of contemporaneous and 

dynamic effects over time and how the two lead to the estimation of the long-term 

effects of railroad infrastructure investments. 

The centerpiece of this approach naturally lies in the VAR estimates. We estimate 

22 industry-specific VAR models related to industry-specific output, employment, 

private investment, and railroad infrastructure investments at the national level. 

To achieve this, preliminary steps were required. First, we must analyze the 

stationarity of each data series and test for the possible existence of long-term 

relationships among the four relevant variables for each VAR model. This guarantees 

that the VAR estimation is performed with variables of the same order of integration, 

and that cointegration is incorporated as appropriate. Second, we need to determine 

the proper VAR specification, which includes the order of the VAR model, 

deterministic components to use, and possible structural breaks that should be 

considered.  

Given the industry-specific VAR estimates, the next step is to generate industry-

specific accumulated impulse-response functions for all private sector variables–

investment, employment, and output–with respect to exogenous shocks in investments 
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in railroad infrastructure. This process required several preliminary steps. First, we 

must identify exogenous railroad infrastructure investment shocks and the issue of 

contemporaneous correlations among shocks. Second, we must define exactly how we 

measured the effects and interpreted the results of the accumulated response functions. 

It is critical to recognize that the effects are the total effects that capture the interactions 

among the different variables over time. These are relevant measurements from a 

policy perspective that transcend traditional measurements based on ceteris paribus 

assumptions.   

The remainder of this section presents an abbreviated version of these steps. For 

more detailed presentations, see Pereira (2000) and Pereira and Pereira (2018a). For 

brevity, we provide only a sketch of the different steps in the preliminary data analysis.  

The full documentation is available from the authors upon request. 

4.2. Unit roots, cointegration, and the VAR specification 

The unit root and cointegration analyses are the first steps. Unit root tests suggest 

stationarity in first differences, whereas cointegration tests suggest the absence of 

cointegration. We follow the standard procedure in the literature and determine the 

specifications of the VAR models using the growth rates of the original variables. 

We estimate the VAR models for each of the 22 industries. Each VAR model 

includes industry-specific output, employment, private investment, and railroad 

infrastructure investments. We use the Bayesian information criterion (BIC) to 

determine the structural breaks and deterministic components to be included. Our test 

results suggest a VAR specification of first order with a constant and a trend, as well 

as structural breaks in 1989, 1994, and 2000, the years of inception of the first three 

Community Support Frameworks. This is the preferred choice in most cases. Our test 

results suggest a VAR specification of first order with a constant and a trend, as well 

as structural breaks in 1989, 1994, and 2000, the years of the inception of the first 

three Community Support Frameworks. In most cases, this is the preferred choice. 

4.3. Identifying exogenous innovations in railroad infrastructure 

investment 

The key to correctly determining the impact of infrastructure investment is 

identifying exogenous shocks representing innovations in infrastructure investments 

that are not contaminated by other contemporaneous innovations and avoiding reverse 

causation. To address this issue, we draw upon the approach of handling the effects of 

monetary policy (Christiano et al., 1996, 1999; Rudebusch, 1998) adopted by Pereira 

(2000) in the context of the analysis of the effects of infrastructure investments. The 

identification of exogenous shocks to infrastructure investment would, in general, 

result from knowing what fraction of government appropriations in each period is 

purely for non-economic reasons. The econometric counterpart is to consider a policy 

function that relates the growth rate of infrastructure investment to the relevant 

information set. The residuals from these policy functions reflect the unexpected 

component of the evolution of infrastructure investment and, by definition, are 

uncorrelated with innovations in other variables. 
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We assume that the relevant information set for the policy function includes the 

past, but not the current, values of the economic variables. In the context of the 

standard Cholesky decomposition, this is equivalent to assuming that innovations in 

investments lead innovations in economic variables; that is, while innovations in 

infrastructure investments affect the economic variables contemporaneously, the 

reverse is not true. This also means that the estimated effects of infrastructure 

investments are invariant to the order of the three economic variables. 

There are two conceptual reasons for this assumption. First, it seems reasonable 

to assume that the economy reacts to innovations in infrastructure investments within 

a year. Second, it seems reasonable to assume that the public sector is unable to adjust 

infrastructure investment decisions to innovations in economic variables within the 

same year. This is because of the time lags involved in information gathering and 

public decision-making.  

Furthermore, this assumption is reasonable from a statistical perspective. 

Invariably, the policy functions point to the exogeneity of innovations in infrastructure 

investments; that is, the evolution of the different infrastructure investments does not 

seem to be affected by the lagged evolution of the remaining variables. This is to be 

expected because infrastructure investments were linked to EU support programs and, 

therefore, not responsive to the ongoing economic conditions. Moreover, we would 

not expect any single economic sector to have an impact on decision-making regarding 

infrastructure investments at the national level. 

4.4. Measuring the effects of innovations in railroad infrastructure 

investment 

To measure the industry-specific effects of a one-percentage-point one-time 

shock on the growth rate of infrastructure investment in railroads on output, 

employment, and investment, we estimate the accumulated impulse-response 

functions for each VAR model. The accumulated impulse response functions typically 

converge within a relatively short period. The error bands surrounding the point 

estimates for the accumulated impulse responses were computed using bootstrapping. 

We consider 90% intervals, although bands that correspond to a 68% posterior 

probability are standard in the literature (Sims and Zha, 1999). From a practical 

perspective, when the 90% error bands for the accumulated impulse response 

functions include zero, we consider that the effects are not significantly different from 

zero1. 

To measure the effects of shocks on railroad infrastructure investment, we 

calculated the total long-term accumulated elasticities and the total long-term 

accumulated marginal products of the different industries’ output, employment, and 

investment with respect to each type of infrastructure investment. These concepts 

depart from conventional understanding because they are not based on ceteris paribus 

assumptions; instead, they include all dynamic feedback effects among the different 

variables.  

The total long-term accumulated elasticities are interpreted as the total 

accumulated percentage point long-term change in output, employment, and 

investment per percentage point accumulated long-term change in railroad 
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infrastructure investment. The total long-term accumulated marginal products 

measure the change in output, employment, and investment for each additional euro 

of infrastructure investment in railroads. The respective marginal products are 

obtained by multiplying the ratio of the average output, employment, and investment 

to railroad infrastructure investment by the corresponding elasticity. We use the 

average ratio over the last ten years of the sample. Using a recent time period allows 

the marginal products to reflect the relative scarcity of the different infrastructures at 

the margin of the sample period, while the choice of ten years prevents these ratios 

from being overly affected by business cycle considerations. 

5. On the economic effects of railroad infrastructure investments 

In this section, we first consider the aggregate effects of railroad infrastructure to 

frame industry-specific results. We then present the results at the industry level, both 

the accumulated (total) long-term effects and the outcomes on impact, followed by an 

identification of what these results imply in terms of the various channels through 

which such investments affect economic performance. This is followed by the effects 

of railroad infrastructure investments on the industry mix.  

5.1. On the aggregate effects of railroad infrastructure investments 

For the economy as a whole, we estimate that, in the long term, for every €1m 

invested in railroad infrastructure, aggregate private investment increases by €17.78, 

and output increases by €20.84. Furthermore, we estimate that approximately 72 new 

permanent jobs will be created (see Table 3). These results imply that railroad 

infrastructure investments are effective in promoting long-term economic 

performance.  

It is difficult to make meaningful international comparisons. This is because 

different studies adopt different econometric methodologies, sample periods, and data 

definitions, making the estimates difficult to interpret and compare with our set of 

results. As such, we limit the comparison of our results to strictly equivalent evidence 

on the output multiplier of investments in railroad infrastructure. Focusing on Ontario, 

Canada, and using data that span 1976 through 2011, (Pereira and Pereira, 2018b) 

estimate an output multiplier of 29.19 and a corresponding 107 net jobs created for 

each CDN$ 1m in transit infrastructure investments (Deloitte, 2013). Focusing on 

railroad infrastructure investments in Portugal, Pereira and Andraz (2005) estimate 

corresponding multipliers of 18.5 and 18.8, for output and investment, respectively, 

accompanied by an additional 204 net permanent jobs. Our estimates, 20.84 and 72, 

for output and employment, respectively, are around the same order of magnitude. 

These comparisons allow us to move forward and address the disaggregated details 

with great confidence, as the aggregate results presented here are well within the realm 

of the most directly comparable results.   

With respect to the relationship between short- and long-term effects for the 

different economic variables, none of the impacts differed in sign. In terms of 

employment, most new net permanent jobs are frontloaded, as 92.6% of the total 

accumulated increase occurs in the short run within one year. Regarding private 

investment and output for the economy as a whole, the corresponding figures are 38.8 
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and 14.5%, respectively. With private investment outpacing output in the short run, in 

the context of job creation where private consumption and public spending are also set 

to rise, the fundamental identity in macroeconomics implies that net exports will fall 

in the first year following railroad infrastructure investment. This is not surprising, as 

a significant share of induced capital spending is likely to be related to imported goods 

and services. Over time, the trade balance is estimated to reverse. 

Table 3. Total long-term industry-specific effects of infrastructure investment in railroads. 

 Output Employment Investment 

 Elasticity Marginal product Elasticity Marginal product Elasticity Marginal product 

Agriculture and mining 

Agriculture (S1) −0.0428*  * 0.0207* * 0.2385 0.38 

Mining (S2) 0.0148* * 0.1125 3.42 −1.3357 −0.36 

Manufacturing 

Food (S3) 0.0083* * −0.0272 −5.60 0.3703 0.37 

Textiles (S4) − 0.0394*  * −0.0119 −5.67 0.1694 0.08 

Paper (S5) −0.0962 −0.39 0.0147* * 0.4446 0.41 

Pharmaceuticals (S6) −0.0681 −0.14  0.0050* * 0.6409 0.28 

Non-metallic minerals (S7) −0.0598  −0.27  −0.0279 −4.48 −0.0077* * 

Basic metals (S8) −0.0582 −0.24  −0.0359 −6.55 −0.0162* * 

Machinery and equipment (S9) −0.1894  −1.62 −0.0685 −23.50 0.1142* * 

Private services 

Electricity and gas (S10) 0.1829  0.95 −0.0592 −1.27 1.0583 2.54 

Water (S11) 0.2035 0.41 −0.0225* * 0.2004* * 

Construction (S12) 0.1518 2.72 0.0564 56.07 0.3676 0.95 

Wholesale and retail trade (S13) 0.0517 1.70 −0.0039* * 0.2748 1.08 

Transportation and storage (S14) −0.0532 −0.57 −0.0056* * 0.9944 4.88 

Hospitality (S15) 0.0399 0.44 0.0280 13.13 0.7561 1.05 

Telecommunications (S16) −0.0078* * −0.0294 −0.85 0.0771* * 

Finance (S17) −0.0283*  * −0.0779 −14.26 −0.5444 −1.25 

Real estate (S18) 0.8968  16.69 0.1018 6.31 0.1763 3.00 

Professional services (S19) −0.0367 −0.78 0.0553 55.73 0.5354 3.25 

Public services 

Public administration (S20) 0.0482 0.98 −0.0007* * 0.1715 1.12 

Education (S21) 0.0500 0.80 −0.0009* * −0.0556* * 

Health (S22) 0.0149 0.16 −0.0163* * −0.0473* * 

Total economy  20.84  72.48  17.78 

Note—values marked with * are not statistically significant as implied by the standard deviation bands 

around the impulse response functions. Totals may not add up due to rounding errors. Total economy 

marginal products are the sum of the statistically-significant constituent industry-specific effects. 

5.2. On the long-term accumulated industry-level effects2 

When we examine the economic effects of railroad infrastructure investments at 

the industry level, we find that real estate (S18), construction (S12), and wholesale and 
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retail trade (S13) have the largest impacts in terms of output, with marginal products 

of €16.69, €2.72, and €1.70, respectively (see Table 4). Together, these three 

industries saw a boost that represented approximately 101.3% of the induced increase 

in GDP. Public administration (S20) and electricity and gas (S10) come next, with 

marginal products of €0.98 and €0.95, respectively. Positive effects were observed for 

water (S11), hospitality (S15), education (S21), and health (S22). On the other hand, 

on account of the overall change in the industry mix, for every euro invested in railroad 

infrastructures, output is estimated to drop by €1.62 in the machinery and equipment 

(S9) industry, 78 cents in professional services (S19), 57 cents in transportation and 

storage (S14), 39 cents in paper (S5), 27 cents in non-metallic minerals (S7), 24 cents 

in basic metals (S8), and 14 cents in pharmaceuticals (S6). 

Table 4. A ranking of output effects of infrastructure investment in railroads. 

On impact Intertemporal Long term 

Industry Marginal product Industry Marginal product Industry Marginal product 

S18 3.40 S18 13.3 S18 16.69 

S12 1.60 S10 1.16 S12 2.72 

S13 0.56 S13 1.14 S13 1.70 

S22 0.20 S12 1.12 S20 0.98 

S21 0.15 S20 1.07 S10 0.95 

S15 0.04 S21 0.65 S21 0.80 

  S11 0.48 S15 0.44 

S19 −0.95 S15 0.40 S11 0.41 

S9 −0.61 S19 0.17 S22 0.16 

S5 −0.49 S5 0.10   

S10 −0.21 S6 0.06 S9 −1.62 

S6 −0.20   S19 −0.78 

S14 −0.19 S9 −1.01 S14 −0.57 

S7 −0.11 S14 −0.38 S5 −0.39 

S20 −0.09 S8 −0.24 S7 −0.27 

S11 −0.07 S7 −0.16 S8 −0.24 

  S22 −0.04 S6 −0.14 

TOTAL 3.03  17.81  20.84 

Key—Agriculture (S1), Mining (S2), Food (S3), Textiles (S4), Paper (S5), Pharmaceuticals (S6), Non-

metallic minerals (S7), Basic metals (S8), Machinery and equipment (S9), Electricity and gas (S10), 

Water (S11), Construction (S12), Wholesale & retail trade (S13), Transportation & storage (S14), 

Hospitality (S15), Telecommunications (S16), Finance (S17), Real estate (S18), Professional services 

(S19), Public administration (S20), Education (S21), and Health (S22). 

With respect to the industry-by-industry effect on employment, the largest gains 

are expected in construction (S12), professional services (S19), and hospitality (S15), 

with estimated marginal products of approximately 56, 56, and 13 jobs, respectively 

(see Table 5). Together, these three industries create 125 jobs, almost 74% more 

permanent jobs than the aggregate net change in employment induced by the railroad 

infrastructure itself, around 72. Thus, we estimate a non-negligible reallocation of 

labor input between industries, with workers moving out of machinery and equipment 
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(S9), finance (S17), and, to a lesser extent, basic metals (S8), food (S3), and textiles 

(S4), and taking up employment in professional services (S19), construction (S12), 

hospitality (S15), and other less significant industries, such as real estate (S18) and 

mining (S2). 

Table 5. A ranking of employment effects of infrastructure investment in railroads. 

On impact Intertemporal Long term 

Industry Marginal product Industry Marginal product Industry Marginal product 

S19 72.13 S12 49.75 S12 56.07 

S15 16.42 S2 0.52 S19 55.73 

S18 12.00 S16 0.32 S15 13.13 

S12 6.32   S18 6.31 

S2 2.90 S19 −16.4 S2 3.42 

  S17 −6.45   

S9 −17.43 S9 −6.07 S9 −23.50 

S17 −7.81 S18 −5.69 S17 −14.26 

S4 −5.27 S8 −3.71 S8 −6.55 

S3 −4.84 S15 −3.29 S4 −5.67 

S8 −2.84 S7 −1.99 S3 −5.60 

S7 −2.49 S3 −0.76 S7 −4.48 

S16 −1.17 S10 −0.47 S10 −1.27 

S10 −0.80 S4 −0.4 S16 −0.85 

TOTAL 67.12  5.36  72.48 

Key—Agriculture (S1), Mining (S2), Food (S3), Textiles (S4), Paper (S5), Pharmaceuticals (S6), Non-

metallic minerals (S7), Basic metals (S8), Machinery and equipment (S9), Electricity and gas (S10), 

Water (S11), Construction (S12), Wholesale & retail trade (S13), Transportation & storage (S14), 

Hospitality (S15), Telecommunications (S16), Finance (S17), Real estate (S18), Professional services 

(S19), Public administration (S20), Education (S21), and Health (S22). 

Regarding the industry-by-industry impact of railroad infrastructure investments 

on private investment, we estimate that the four industries with the highest marginal 

products are transportation and storage (S14), professional services (S19), real estate 

(S18), and electricity and gas (S10) with €4.88, €3.25, €3, and €2.54, respectively (see 

Table 6). Together, these effects accounted for 76.9% of the overall investment boost. 

The next tier of industries that benefit includes public administration (S20), wholesale 

and retail trade (S13), hospitality (S15), and construction (S12). Interestingly, finance 

(S17) and mining (S2) both have negative estimated marginal products of -€1.25 and 

36 cents, respectively. 

 

 

 

 

 

 

 



Journal of Infrastructure, Policy and Development 2024, 8(2), 2942.  

20 

Table 6. A ranking of investment effects of infrastructure investment in railroads. 

On impact Intertemporal Long term 

Industry Marginal product Industry Marginal product Industry Marginal product 

S14 1.93 S10 3.86 S14 4.88 

S19 1.78 S14 2.95 S19 3.25 

S18 1.71 S19 1.47 S18 3.00 

S20 1.54 S18 1.29 S10 2.54 

S15 0.68 S12 0.69 S20 1.12 

S13 0.57 S13 0.51 S13 1.08 

S3 0.36 S15 0.37 S15 1.05 

S5 0.29 S1 0.13 S12 0.95 

S12 0.26 S5 0.12 S5 0.41 

S1 0.25 S6 0.10 S1 0.38 

S6 0.18 S3 0.01 S3 0.37 

S4 0.10   S6 0.28 

  S20 −0.42 S4 0.08 

S10 −1.32 S17 −0.11   

S17 −1.14 S2 −0.07 S17 −1.25 

S2 −0.29 S4 −0.02 S2 −0.36 

TOTAL 6.90  10.88  17.78 

Key—Agriculture (S1), Mining (S2), Food (S3), Textiles (S4), Paper (S5), Pharmaceuticals (S6), Non-

metallic minerals (S7), Basic metals (S8), Machinery and equipment (S9), Electricity and gas (S10), 

Water (S11), Construction (S12), Wholesale & retail trade (S13), Transportation & storage (S14), 

Hospitality (S15), Telecommunications (S16), Finance (S17), Real estate (S18), Professional services 

(S19), Public administration (S20), Education (S21), and Health (S22). 

5.3. Long-term accumulated effects vs effects on impact 

Next, we consider the relationship between the short- and long-term effects for 

the three economic variables in different industries (see Table 7).  

With respect to output, positive long-term effects dominate short-run impacts in 

eight industries. By decreasing order of significance, we find this outcome in real 

estate (S18), electricity and gas (S10), wholesale and retail trade (S13), construction  

(S12), and public administration (S20), with estimated longer-term marginal products 

(that ignore the effects on impact) of €13.29, €1.16, €1.14, €1.12, and €1.07, 

respectively, and, in a second tier, to a smaller extent, in education (S21), water (S11), 

and hospitality (S15), with corresponding marginal products of 65 cents, 48 cents, and 

40 cents, respectively. Together, the five industries that make up the first tier of effects 

correspond to 99.8% of economy-wide long-term output effects. In addition, by 

decreasing order of significance, we find negative long-term effects on output that 

dominate the corresponding short-run impacts in four industries, namely machinery 

and equipment (S9), transportation and storage (S14), basic metals (S8), and non-

metallic minerals (S7). In general terms, the top three industries with the largest 

positive short-term impacts are, in decreasing order of significance, real estate (S18), 

construction (S12), and wholesale and retail trade (S13) with €3.40, €1.60, and 56 

cents, respectively. Together, these three industries capture 183.5% of short-term 
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output effects. Conversely, the top three industries with the biggest negative short-

term impacts are, also in decreasing order of significance: professional services (S19), 

machinery and equipment (S9), and paper (S5). We find that positive long-term output 

effects reverse (without dominating) the initial negative short-term impacts in six 

industries: paper (S5), pharmaceuticals (S6), electricity and gas (S10), water (S11), 

professional services (S19), and public administration (S20). Conversely, we find that 

negative long-term output effects reverse (without dominating) initial positive short-

term impacts only in the health (S22) industry. 

Table 7. Total long-term marginal products vs short-term effects on impact of infrastructure investment in railroads. 

  Output Employment Investment 

Agriculture (S1) Total * * 0.38 

 Short-term * * 0.25 

Mining (S2) Total * 3.42 −0.36 

 Short-term * 2.90 −0.29 

Food (S3) Total * −5.60 0.37 

 Short-term * −4.84 0.36 

Textiles (S4) Total * −5.67 0.08 

 Short-term * −5.27 0.10 

Paper (S5) Total −0.39 * 0.41 

 Short-term −0.49 * 0.29 

Pharmaceuticals (S6) Total −0.14 * 0.28 

 Short-term −0.20 * 0.18 

Non-metallic minerals (S7) Total −0.27 −4.48 * 

 Short-term −0.11 −2.49 * 

Basic metals (S8) Total −0.24 −6.55 * 

 Short-term 0.00 −2.84 * 

Machinery and equip. (S9) Total −1.62 −23.50 * 

 Short-term −0.61 −17.43 * 

Electricity and gas (S10) Total 0.95 −1.27 2.54 

 Short-term −0.21 −0.80 −1.32 

Water (S11) Total 0.41 * * 

 Short-term −0.07 * * 

Construction (S12) Total 2.72 56.07 0.95 

 Short-term 1.60 6.32 0.26 

Whole. & retail trade (S13) Total 1.70 * 1.08 

 Short-term 0.56 * 0.57 

Transp. & storage (S14) Total −0.57 * 4.88 

 Short-term −0.19 * 1.93 

Hospitality (S15) Total 0.44 13.13 1.05 

 Short-term 0.04 16.42 0.68 

Telecommunications (S16) Total * −0.85 * 

 Short-term * −1.17 * 

Finance (S17) Total * −14.26 −1.25 

 Short-term * −7.81 −1.14 
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Table 7. (Continued). 

  Output Employment Investment 

Real estate (S18) Total 16.69 6.31 3.00 

 Short-term 3.40 12.00 1.71 

Professional services (S19) Total −0.78 55.73 3.25 

 Short-term −0.95 72.13 1.78 

Public administration (S20) Total 0.98 * 1.12 

 Short-term −0.09 * 1.54 

Education (S21) Total 0.80 * * 

 Short-term 0.15 * * 

Health (S22) Total 0.16 * * 

 Short-term 0.20 * * 

Total economy Total 20.84 72.48 17.78 

 Short-term 3.03 67.12 6.90 

Note—values marked with * are not statistically significant as implied by the standard deviation bands 

around the impulse response functions. Total economy short- and long-term marginal products are the 

sum of the respective statistically-significant industry-specific effects.  

Regarding employment, only in the construction (S12) industry does the positive 

long-term effect dominate the short-run impact, with an estimated long-term marginal 

product of around 50 jobs. The impact in this industry alone is almost 9.3 times the 

economy-wide long-term employment effect. We find negative long-term effects on 

employment that dominate the corresponding short-run impacts in the basic metals 

(S8) industry with a long-term marginal loss of almost four jobs. In general terms, the 

top three industries with the largest positive short-term impacts on employment are, in 

decreasing order of significance, professional services (S19), hospitality (S15), and 

real estate (S18), with marginal products of approximately 72, 16, and 12 jobs, 

respectively. Together, these three industries capture almost 150% of economy-wide 

short-term employment effects. Conversely, the top three industries with the largest 

negative short-term employment impacts are also in decreasing order of significance: 

machinery and equipment (S9), finance (S17), and textiles (S4). We find that positive 

long-term employment effects reverse (without dominating) the initial negative short-

term impacts only in the telecommunications (S16) industry. Conversely, we find that 

negative long-term employment effects reverse (without dominating) the initial 

positive short-term impacts in three industries: professional services (S19), real estate 

(S18), and hospitality (S15). 

With respect to private investment, positive long-term effects dominate short-run 

impacts in three industries: electricity and gas (S10), transportation and storage (S14), 

and construction (S12), with long-term marginal products to investment of €3.86, 

€2.95, and 69 cents, respectively. Together, these three industries capture 69% of 

economy-wide long-term investment effects. We find no industries in which the 

negative long-term effects on investment dominate the corresponding short-run 

impacts. Generally, the top three industries with the largest positive short-term impacts 

on investment are, in decreasing order of significance, transportation and storage (S14), 

professional services (S19), and real estate (S18), with marginal products/investments 

of €1.93, €1.78, and €1.71, respectively. Together, these three industries capture 79% 
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of the economy-wide, short-term impact on investment. Conversely, the top three 

industries with the largest negative short-term impacts on investment are also in 

decreasing order of significance: electricity and gas (S10), finance (S17), and mining 

(S2). We find positive long-term effects on investment reverse (without dominating) 

initial negative short-term impacts only in the electricity and gas industry (S10). 

Conversely, we find negative long-term effects on investment reverse (without 

dominating) initial positive short-term impacts in two industries: textiles (S4) and 

public administration (S20).   

Examining the case of the transportation and storage (S14) industry, most of the 

effects on private investment occur over time, indicating that capital spending in this 

industry is self-reinforcing. As we find no changes in employment in this industry, we 

can conclude that, as a result of railroad infrastructure investments, it will become 

more capital intensive. 

5.4. What we can learn about the nature of the effects of railroad 

infrastructure investments 

Next, we identify the channels through which investment in railroad 

infrastructure affects economic performance. To decompose economy-wide long-term 

marginal products, we consider the dichotomies between short-term and intertemporal 

effects as well as between demand-side and supply-side impacts (see Table 8). 

Table 8. Decomposition of total long-term effects of infrastructure investment in railroads. 

 Output Employment Investment 

 
Marginal 

product 

As a % 

of total 

Marginal 

product 

As a % 

of total 

Marginal 

product 

As a % 

of total 

Demand-side effects 4.15 19.91 116.87 161.24 7.59 42.69 

Site-location effects 13.29 63.77 −5.69 −7.85 1.29 7.26 

Functional effects 3.40 16.32 −38.76 −53.39 8.90 50.06 

Traded −1.63 −7.82 −12.47 −17.12 3.22 18.11 

Nontraded 5.03 24.14 −26.29 −36.27 5.68 31.95 

Total economy 20.84 100.00 72.48 100.00 17.78 100.00 

Note—values marked with * are not statistically significant as implied by the standard deviation bands 

around the impulse response functions. Demand-side effects include the sum of short-term effects on 

impact in all sectors plus intertemporal effects over time in industry S12 (construction). Site-location 

effects correspond to intertemporal effects of industry S18 (real estate). Functional effects of the traded 

variety include the sum of intertemporal effects in industries S1–S9 (agriculture and mining, and 

manufacturing) and in S14 (transportation and storage). Functional effects of the nontraded kind include 

the sum of intertemporal effects in industries S10−S22 (private and public services), except for S12, 

S14 and S18 (construction, transportation and storage, and real estate, respectively). 

In terms of output, demand-side effects account for 19.91% of the economy-wide 

long-term marginal product in terms of output, €20.84, which adds together the on-

impact and intertemporal effects. Demand-side effects include the sum of short-term 

effects on the impact in all industries and intertemporal effects over time in 

construction. Of these, in the case of output, the bulk is in real estate (S18) and 

construction (S12). Site-location effects are induced by the presence of the railroad 

infrastructure itself, corresponding to the intertemporal effects of the construction (S12) 

industry, and represent 63.77% of the total economy’s long-term effect. Having 
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considered the demand-side and site-location effects, we turn to the supply-side 

channel and examine the functional effects that come in two types: traded and non-

traded. The functional effects of the traded variety account for −7.82% of the 

economy-wide long-term marginal product in terms of output and include the sum of 

the intertemporal effects in industries S1 through S9, comprising agriculture and 

mining, as well as manufacturing, plus those in the transportation and storage (S14) 

industry. These effects can be further split into two groups: one with positive marginal 

products in the paper (S5) and pharmaceutical (S6) industries, and the other with 

negative marginal products in each of the following industries: machinery and 

equipment (S9), transportation and storage (S14), basic metals (S8), and non-metallic 

minerals (S7). On the other hand, the functional effects of the non-traded variety 

represent 24.14% of the total economy’s marginal product in terms of output and 

include the sum of the intertemporal effects in industries S10–S22, with the exception 

of construction (S12), transportation and storage (S14), and real estate (S18). These 

functional effects of the non-traded variety are strongest in electricity and gas (S10), 

wholesale and retail trade (S13), and public administration (S20) and marginally 

negative in the health (S22) industry.  

In terms of employment, demand-side effects represent 161.24% of the economy-

wide long-term marginal product, estimated at approximately 72 net permanent jobs. 

The bulk of demand-side effects are concentrated in professional services (S19) and 

construction (S12). Site-location effects represent −7.85% of the total economy’s 

long-term employment effect. The functional effects of the traded variety correspond 

to −17.12% of the economy-wide long-term marginal product in terms of jobs. In most 

industries, the marginal products are negative, with the exception of mining (S2). The 

basic metals (S8) and machinery and equipment (S9) industries have the most 

significant negative marginal products. The functional effects of the non-traded kind 

represent −36.27% of the total economy’s employment impact, with the strongest 

negative marginal products in professional services (S19), finance (S17), and 

hospitality (S15). Telecommunications (S16) is estimated to be the exception here, 

with a positive marginal product.  

Finally, in terms of private investment, demand-side effects represent 42.69% of 

the economy-wide long-term marginal product, estimated at approximately €17.78. 

The bulk of demand-side effects are concentrated in transportation and storage (S14), 

professional services (S19), and real estate (S18). It is worth highlighting that the 

construction (S12) industry does not have one of the most significant marginal 

products. Site-location effects represent 7.26% of the total economy’s long-term 

effects in terms of investment. The functional effects of the traded variety correspond 

to 18.11% of the economy-wide long-term marginal products in terms of investment. 

Transportation and storage take the lead as the industry with the largest marginal 

product. Generally, marginal products are positive, except for mining (S2) and textiles 

(S4) with marginal losses. The functional effects of the non-traded type represent 

31.95% of the total economy’s impact on investment, with the strongest positive 

marginal products being electricity and gas (S10) and professional services (S19). 

Conversely, public administration (S20) and finance (S17) are estimated to be the 

exceptions, with negative marginal products. 
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6. Summary and policy implications 

This study aimed to assess the impact of railroad infrastructure investments on 

Portugal’s economic performance with a distinct focus on industry-level effects. By 

leveraging a vector autoregressive model and a unique dataset, we calculated both the 

elasticity and marginal product of capital expenditures on railways with regard to 

output, employment, and private investment. 

Our primary contribution lies in deriving industry-specific economic outcomes 

from such investments in transport infrastructure. Our model intentionally eschews an 

aggregate approach as we explore how railway investments propagate through the 

economy over time, triggering industry-specific adjustments in output, employment, 

and private investment. Thus, the total economic performance impacts we determine 

are a compilation of statistically significant industry-specific effects. 

The main findings of our research are summarized as follows: For the overall 

economy, we estimate that a €1m investment in railway infrastructure has substantial 

positive spillover effects, amplifying GDP by €20.84m, creating approximately 72 

new permanent jobs, and stimulating an additional €17.78m in private investment. 

The short-term impact (within the first year) accounted for only 14.5% and 38.8% 

of the total accumulated increase in output and private investment, respectively. 

Conversely, most of the permanent job creation is immediate, with approximately 93% 

of the 72 new long-term jobs being established within one year of a €1m railway 

infrastructure investment. With a rise in fixed capital investment that exceeds that of 

GDP and with private consumption and public expenditure also set to increase, a 

transient dip in net exports is expected. Over time, this deterioration is more than 

compensated for as long-term net exports are positive.  

At the disaggregated level, our analysis suggests that the real estate, construction, 

wholesale, and retail trade industries jointly account for 101.3% of the total 

accumulated increase in GDP, closely trailed by public administration, electricity and 

gas, and education, with an additional 13.1 percentage points. The industries that 

generate the greatest number of permanent jobs per €1m of railway investment, in 

decreasing order of significance, are construction, professional services, and 

hospitality. 

Examining the total industry-specific accumulated marginal products of 

investment, industries such as transportation and storage, professional services, real 

estate, and electricity and gas jointly account for nearly 77% of the overall increase in 

gross fixed capital formation. This is followed by public administration, wholesale and 

retail trade, hospitality, and construction, contributing approximately 23%. These 

shifts significantly transformed the industry composition of output, employment, and 

private investment. The only industries benefiting in relative terms across all three 

dimensions are real estate, construction, and hospitality, whereas professional services, 

wholesale and retail trade, electricity and gas, and public administration benefit in two 

of these three areas. Meanwhile, industries such as nonmetallic minerals, basic metals, 

machinery and equipment, and finance experience relative losses in two dimensions. 

Regarding the traded/non-traded divide, non-traded service industries such as real 

estate, construction, and wholesale and retail trade have emerged as the primary 

beneficiaries of railway investments in terms of total accumulated output. By contrast, 
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machinery, equipment, and professional services experience significant losses. With 

respect to employment, the divide is not clear. All traded industries, barring mining, 

experience total job losses, while non-traded industries, such as professional services 

and hospitality, report gains, albeit with labor reallocation within the non-traded group 

from finance, electricity, and gas. Regarding total accumulated changes in private 

investment, all non-traded industries, except finance, benefit more than their traded 

counterparts, which also register increased gross fixed capital formation, although on 

a smaller scale. Of note is the profound induced effect (nearly 27.5% of the total) in 

the transportation and storage industry, and the net reduction in mining. 

The economic effects of investment in railroad infrastructure are essential for 

policymakers in Portugal and beyond. While projects such as Ferrovia 2020 

(Infraestruturas de Portugal, 2016) aim to modernize and revitalize Portugal’s rail 

network, delays in implementation risk not only losing access to key EU funding 

sources but also forgoing potential economic benefits. Research shows that 

infrastructure investments can stimulate economic growth in the short term through 

increased employment and demand and, in the long run, by improving productivity 

and competitiveness. Furthermore, the countercyclical nature of infrastructure 

spending can dampen economic downturns. Thus, as Portugal plans significant new 

investments in its rail network, policymakers should be informed of the magnitude of 

its expected economic impact. With evidence-based knowledge of economic outcomes, 

policymakers can not only make better decisions on project timelines, budgetary 

allocations, and funding sources but can also strategically employ railroad investments 

to bolster Portugal’s competitiveness and long-term prosperity. 

A few policy implications can be extracted from our results. First, with large 

positive effects on GDP, employment, and private investment, railroad infrastructure 

investments are effective in promoting long-term economic performance. For this 

reason, this type of capital spending ought to be part of Portugal’s medium- to long-

term growth strategies. Second, although very significant effects materialize over time, 

the bulk of the gains occur within the first year only in the case of employment. This 

clearly suggests that railroad infrastructure investments should be a part of the 

countercyclical policy toolbox, and, mindful of this, public officials need to schedule 

the start of such projects during periods of weak economic activity. Nevertheless, our 

results suggest that they also need to be prepared to worsen their trade balance during 

this short period. Third, when examining the channels through which economic 

performance is impacted, we find that demand-side effects, obtained by the sum of 

short-term effects across all industries as well as long-term construction effects, are 

especially important for employment and private investment. The long-term location 

effects are particularly significant in the case of output. Functional effects, especially 

those of the non-traded variety, are also meaningful in the case of output and private 

investment. Finally, policymakers at various levels need to keep in mind that railroad 

infrastructure investments will likely substantially alter the industry mix. While real 

estate, construction, and hospitality are all set to gain across the three dimensions, we 

consider output, employment, and private investment, followed by professional 

services, wholesale and retail trade, electricity and gas, and public administration, as 

industries that stand to benefit in most dimensions. These gains come at the expense 

of comparatively slower economic activity in other industries, such as non-metallic 
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minerals, basic metals, machinery and equipment, and finance. Indeed, the 

implications in terms of the traded/non-traded industry divide are clear: non-traded 

industries, such as real estate, construction, hospitality, wholesale and retail trade, and 

professional services, will likely be the big winners.  

This study contributes to empirical literature in several ways. First, the dynamic 

and reverberating total accumulated results of railroad infrastructure investments on 

economic performance are decomposed into effects registered in the first year and 

those that take longer to occur as well as into their constituent demand- and supply-

side channels. Second, by estimating industry-specific effects, sectoral planning and 

employment agencies can set and adjust their spending programs and their respective 

compositions. Furthermore, more accurate aggregate estimates are obtained as the sum 

of statistically significant impacts, thus lending even more convincing support to the 

idea that, for Portugal, which remains one of the least developed Member States of the 

EU, well-timed investments in railroad infrastructure can not only serve 

countercyclical policy objectives but are also worthy of consideration to improve its 

long-term economic growth potential and thus accelerate its real convergence.  

Next, we highlight a promising avenue for future research. In achieving the 

much-needed global energy transition, it is useful to keep in mind that the transport 

sector is responsible for more than half of the global oil demand and approximately ¼ 

of the global CO2 emissions from fuel combustion (International Energy Agency, 

2019). Notwithstanding the substantial industry-specific detail that characterizes the 

dataset we used, an add-on that could further enhance our analysis would be 

information on the CO2 emissions related to the construction and operation of each of 

the six types of transportation infrastructure assets for each of the 22 industries that 

span economic activity in Portugal. This would add an environmental dimension to 

the other three that we consider—output, employment, and private investment—and 

would potentially allow us to answer the following research question: Which kind of 

transportation infrastructure would best assist Portugal both in terms of economic 

performance and in reducing greenhouse gas (GHG) emissions? Although railways 

have been in operation in Portugal since 1856 (CP-Comboios de Portugal; EPE, n.d.), 

there is a growing perception that it is a mode of transport that functions much below 

its full capability. Globally, less than 20% of the total road and rail infrastructure is 

devoted to rail (International Transport Forum, 2022), lending support to the enormous 

potential, in Portugal, to not only reduce traffic congestion on roads but also to 

alleviate the housing shortage problem if new transport corridors are made available 

that improve accessibility, shorten the distance to work, and effectively open up 

accommodation options on the periphery of cities. 

In addition to all the economic results presented above and the possible extension 

just mentioned, it is important to conclude by acknowledging that investments in 

railroad infrastructure also lead to an array of indirect effects that transcend the 

macroeconomic dimension we consider in this study and, as such, are not considered 

in our analysis. This must be the subject of future research. 

Such indirect gains are multifaceted and interconnected, spanning enhanced 

safety, reduced congestion, decreased pollution, reduced vehicle disposal, reduced 

greenhouse gas emissions, improved energy efficiency, equitable access, urban 

planning benefits, and technological advancements. Policymakers should judiciously 
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consider these diverse benefits when making transportation investment decisions to 

ensure a comprehensive and sustainable development approach. 

Silla and Kallberg (2012) observed that passenger rail has an accident rate of 

approximately one-tenth that of automobiles per passenger mile traveled, implying a 

significant safety benefit in shifting from cars to trains. This finding was reinforced by 

Waycaster et al. (2018) and Litman (2022), who identified rail as one of the safest 

modes of transportation based on the metrics of injuries and fatalities per distance 

traveled. Filigrana et al. (2022) highlighted the tangible economic value of this safety 

improvement, resulting from saved lives and decreased healthcare costs. 

Congestion mitigation is another indirect gain arising from investment in rail 

infrastructure. Adler et al. (2020) found that introducing a commuter rail service in 

major cities decreased highway congestion and provided much needed relief on 

crowded roads. This finding is echoed by Anderson (2014), who demonstrated that 

expanded urban rail networks directly reduced road congestion. Moreover, as Small 

and Verhoef (2019) articulated, trains, with their high passenger capacity, can 

transport more people than private automobiles in the same amount of space, reducing 

the externalities of congestion such as wasted time, stress, and lost productivity 

(Börjesson et al., 2015; Yang et al., 2018). 

Investments in rail infrastructure have a profound impact on urban planning and 

land use. Cervero (1997) demonstrated how rail investments can encourage transit-

oriented development, resulting in the creation of compact, mixed-use neighborhoods 

that promote walking and sustainable living. These urban reshaping efforts further 

enhance the aesthetic appeal of cities, a point that Chester and Horvath (2010) also 

noted by stating that a railway is often less visually intrusive than multilane highway 

slicing through an urban neighborhood. 

From an environmental perspective, rail vehicles generally have longer usable 

lifespans than cars and buses, reducing the waste and pollution from discarded vehicles 

(Chester and Horvath, 2012; Hou et al., 2020). This benefit, coupled with the reduction 

in greenhouse gas emissions from shifting travelers to lower-emission electric trains 

(American Public Transportation Association, 2020; Beaudoin et al., 2015; Chen and 

Whalley, 2012; Chester and Horvath, 2010; Gu et al., 2019; Merchan et al., 2020; Sun 

et al., 2019; Wang et al., 2010), contributes to mitigating the impacts of climate change 

in the transportation sector. According to a report by the European Union Agency for 

Railways (2022), rail is the safest mode of land transport in the EU with a passenger 

fatality rate similar to that of aircraft passengers, thereby showcasing the 

environmental benefits of rail transportation. 

Significant improvements in the energy efficiency of passenger transportation are 

another indirect benefit of railroad infrastructure investment. As Davis and Boundy 

(2022) reported—see Table 2.13 thereof—transit rail requires only 31% of the energy 

per passenger miles compared with private automobiles. Button (2022) further 

asserted that by shifting travelers from less efficient modes, such as driving, to more 

efficient electrified rail systems, the overall energy consumption for a given level of 

mobility is reduced (Merchan et al., 2020; Scheepmaker et al., 2017; Gołębiowski et 

al., 2021). 

Equity considerations are crucial for the indirect benefits of investing in rail 

infrastructure (Sanchez et al., 2007). Improved rail services can enhance accessibility 
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for lower-income and disadvantaged populations and promote social equality by 

offering a more equitable distribution of transportation services. 

Technological innovation plays a pivotal role in rail transport (Kácik et al., 2023). 

Vuchic (2007) stressed the importance of advancements in technology such as high-

speed trains and automated signaling systems, which can further increase the capacity, 

efficiency, and attractiveness of rail transport. 
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Notes 

1. Once more, for the sake of brevity, the impulse response functions have been omitted. Full documentation is available from 

the authors upon request. 
2. The effects estimated at the industry level reflect, by design, a mixture of long-term and short-term demand- and supply-side 

effects. In this sense, examining input/output tables as a measuring stick would not be particularly informative, as these 

capture strictly demand-side effects. 
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