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Resumen. 

Este Trabajo de Fin de Grado analiza el impacto del despliegue de infraestructuras 

digitales de alta velocidad, específicamente la fibra óptica (FTTH) y la tecnología 5G, 

sobre la dinámica poblacional en los municipios españoles, en el contexto de la “España 

vaciada”. Mediante un enfoque cuantitativo basado en datos de panel para el periodo 

2013–2022, se emplea un modelo econométrico de efectos fijos que permite controlar la 

heterogeneidad no observable y analizar la relación entre conectividad y evolución 

demográfica. Los resultados muestran una relación positiva y estadísticamente 

significativa entre la expansión de estas tecnologías y el crecimiento o la retención de 

población. En particular, el aumento de la cobertura de FTTH y 5G se asocia con 

incrementos en la población municipal, incluso tras controlar por variables 

socioeconómicas como la renta y el desempleo. Esto sugiere que la mejora de la 

conectividad facilita el teletrabajo y reduce las desventajas de la localización geográfica, 

contribuyendo a mitigar la despoblación rural. No obstante, el estudio señala posibles 

problemas de endogeneidad, ya que la infraestructura puede desplegarse en áreas 

previamente más dinámicas. En conclusión, la digitalización se presenta como una 

herramienta clave para el reequilibrio territorial, cuya efectividad depende tanto de la 

disponibilidad como de la adopción de la tecnología. 

Palabras clave: Fibra óptica, 5G, Despoblación, España vaciada, Movilidad, Teletrabajo.                                                                                                                          

 

Abstract. 

This undergraduate dissertation examines the impact of high-speed digital infrastructure 

deployment, specifically fiber optics (FTTH) and 5G, on population dynamics across 

Spanish municipalities, within the context of the “Empty Spain” phenomenon. Using a 

quantitative approach based on panel data from 2013 to 2022, the study applies a fixed-

effects econometric model to control for unobserved heterogeneity and assess the 

relationship between connectivity and demographic change. The results reveal a positive 

and statistically significant association between the expansion of these technologies and 

population growth or retention. Increased FTTH and 5G coverage is linked to higher 

municipal population levels, even after controlling for socioeconomic variables such as 

income and unemployment. These findings suggest that improved connectivity facilitates 
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remote work and reduces the disadvantages of geographic isolation, contributing to the 

mitigation of rural depopulation. However, the analysis also highlights potential 

endogeneity issues, as infrastructure deployment may be concentrated in already dynamic 

areas. Overall, the study concludes that digitalization is a key tool for territorial 

rebalancing, although its effectiveness depends not only on infrastructure availability but 

also on its adoption. 

Keywords: Fiber optics, 5G, Depopulation, Empty Spain, Mobility, Teleworking. 
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INTRODUCTION. 

In the current era of rapid digital transformation, high-speed telecommunications 

infrastructure has shifted from a luxury to a critical utility, fundamentally reshaping the 

relationship between individuals and their geographical locations. The deployment of 

fiber optics (FTTH) and 5G technology represents a shift that challenges traditional 

economic models of urbanization and distance. This project examines this phenomenon 

within the specific context of Spain, a nation currently grappling with a severe territorial 

imbalance known as "Empty Spain" (la España vaciada), where vast rural areas face 

persistent economic stagnation and demographic decline (González-Val, 2025).  

 

Gonzalez-Val (2025) also points out that rural depopulation in Spain is the result 

of a decades-long process that began during the rapid industrialization of the 1950s and 

60s, leading to a massive internal out-migration of young adults to urban centers. 

Traditionally, the lack of infrastructure and basic services has driven these flows. 

However, he states that modern economic theory suggests that broadband expansion 

could serve as a vital tool to ensure the economic and demographic sustainability of these 

regions. 

 

Also, the COVID-19 pandemic served as a massive, unplanned natural experiment 

for this digital mobility (Jamison and Wang, 2020). The forced shift toward Work from 

Home (WFH) demonstrated that for many sectors, physical presence in a central office is 

no longer a prerequisite for productivity. This project builds on the growing consensus 

that the availability of reliable, high-speed connections, particularly those supporting high 

upload speeds for video conferencing, is the primary bottleneck for the long-term viability 

of remote work in rural settings (McArthur and Hong, 2023). 

 

METHODOLOGY.  

This study adopts a quantitative empirical approach to evaluate the relationship 

between the deployment of high-speed telecommunications infrastructure and population 

dynamics across Spanish municipalities. The analysis relies on panel data, which allows 
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the observation of multiple municipalities over time and makes it possible to control for 

unobserved heterogeneity that may influence both infrastructure investment and 

demographic outcomes. The main explanatory variables capture the expansion of fiber 

optic broadband (FTTH) and 5G coverage, while the dependent variable reflects changes 

in population levels at the municipal level. Additional control variables are included to 

account for relevant socioeconomic factors that may affect population trends, such as 

income levels, labor market conditions, and demographic structure. 

 

To address potential omitted variable bias and isolate the effect of digital 

infrastructure, the model is estimated using a Fixed Effects specification. This approach 

controls for time-invariant municipal characteristics, such as geographic location, 

historical development patterns, or structural economic conditions, which could 

otherwise bias the estimated relationship between connectivity and population change. 

Time fixed effects are also included to capture common shocks affecting all 

municipalities simultaneously, such as macroeconomic cycles or national policy changes. 

By exploiting within-municipality variation over time, this methodology improves the 

robustness of the estimated coefficients. 

 

OBJECTIVES.  

The main objective of this study is to analyze whether the expansion of digital 

infrastructure, specifically fiber optic broadband (FTTH) and 5G mobile networks, is 

associated with changes in population dynamics across Spanish municipalities. The 

analysis seeks to determine whether improvements in high-speed connectivity contribute 

to population growth or help mitigate population decline, particularly in rural areas that 

have historically faced structural disadvantages and demographic challenges. By 

examining variations in infrastructure deployment over time, the study aims to identify 

whether digital connectivity can be considered a relevant factor influencing residential 

location decisions in the context of increasing teleworking opportunities and 

digitalization of economic activity. 
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A secondary objective is to evaluate whether the effects of broadband expansion 

differ across municipalities depending on their socioeconomic characteristics. The 

analysis therefore considers the role of control variables such as income levels, 

unemployment rates, and demographic composition, allowing for a more comprehensive 

understanding of the mechanisms through which connectivity may influence population 

changes. Ultimately, the study aims to contribute empirical evidence to the debate on 

whether digital infrastructure policies can support more balanced territorial development 

and reduce disparities between urban and rural areas in Spain. 
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CHAPTER 1. LITERARY REVIEW. 

We looked at what the literature says about the reasons that may drive an 

individual to move from one place to another. In other words, what are some of the factors 

said to increase mobility, findings state that ‘closeness’, as in how close one place is to 

another and how easy it is to move between them, “boosts mobility because there is a 

potential for better labour market matches in dense urban labour markets (Glaeser and 

Maré, 2001; Eriksson et al., 2008)” and that “urbanisation also increases the probability 

of individuals moving away from the region” (Simonen et al., 2016).  

 

Thulin, & Vilhelmson (2014) highlighted that in general, people’s willingness to 

relocate is shaped by how they weigh the potential benefits of better opportunities 

elsewhere against the desire for stability and attachment to their current place. For 

example, someone might decide to leave a place in search of  better employment or higher 

salary, better education, or when family status changes; or even  “to strengthen social ties, 

to change their housing or residential environment, or, more generally, to make a major 

life change (Boyle, 2009; Niedomysl, 2010a)” (Thulin and Vilhelmson, 2014).  

 

The conditions and how developed a place is can also impact someone’s decision 

to move in or out of an area, as demonstrated by some authors: “communities with a 

higher quantity and quality of infrastructure and amenities obtained increases in 

population, mostly from immigration, while communities with lower levels of 

infrastructure and amenities tended to lose population (e.g., Aschauer, 1989; Gramlich, 

1994; Deller et al., 2001)” (Mahasuweerachai, 2010).   

 

Furthermore, it is important to clarify that mobility does not refer solely to 

migration, but some investigators also include the use of means of transportation for 

different purposes, such as commuting to the workplace, as a way to measure people’s 

mobility.  This approach to the definition of “mobility” is used by Delclòs‐Alió (2019) 

when studying how age can be related to Barcelona’s citizens’ mobility. He concluded 

that the reasons why young people are more “mobile” and spend longer times traveling 
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than older people is youngsters’ close relationship with public transportation, which 

typically operates more slowly than private vehicles; and a higher proportion of work-

related trips, which are more often made using motorized transport. This relationship 

becomes even clearer when territorial categories are incorporated into the analysis. 

However, this will not be the kind of mobility we will be focusing on in this paper. 

Nonetheless, it is true that access to public transportation and the connectivity a rural area 

has with a more urban area could also have an impact on rural immigration.  

 

Moreover, when talking about people’s mobility it is essential to mention the 

pandemic that paralyzed the world back in 2020. COVID-19 had a huge impact in 

people’s mobility as it kept citizens from being able to go to their job physically, which 

promoted the expansion of the “Work from Home” initiative having people working 

online from their houses. Kim and Kwan exposed an investigation carried out by Lee et 

al. (2020) that looked closely at the early stages of COVID-19 in the U.S., and “concluded 

that various human mobility metrics (e.g., miles traveled per person) had decreased after 

the declaration of a National Emergency on March 13, 2020, which is in line with the 

conclusions from Huang et al. (2020b)” (2021, p.1). 

 

For this reason, we can assume that those that did not have a purely physical job 

needed to stay at home connected to their coworkers, clients, etc. through Information 

and Communication Technologies (ICT) which are dependent on broadband and high-

speed internet. This may have been a problem for those who needed or simply decided to 

leave to a less-developed area (proved by Mack et al. (2024) who hypothesized that the 

unfortunate onset of the COVID-19 pandemic may have accelerated the migration of 

people and businesses from urban areas to more rural regions) that might not have adopted 

measures to ensure quick internet access and connectivity. This is important to discuss 

because “faster connections were associated with increases in the frequency of home 

working” (McArthur and Hong, 2023) and it was brought to our attention by McArthur 

and Hong (2023) that during the pandemic, Ford et al. (2021) found that slow and 

inconsistent internet connectivity emerged as one of the most commonly reported issues 

experienced by individuals working from home. This is why their investigation concluded 
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that policymakers should recognize that the digital divide may constrain opportunities for 

remote work in the post-pandemic era. Regions with limited internet connectivity are 

inherently less conducive to home working (McArthur and Hong, 2023). 

 

This leads us to believe that whether a person moves or decides to work in a rural 

area might be influenced by the accessibility of broadband and high-speed internet access 

technology that particular place has adopted. An analysis carried out by Lee and Leonard 

in 2023 showed that “nonmetro areas have had less access to high-speed internet even 

after controlling for relevant factors such as income and labor market conditions”.  

 

These global trends find a critical case study in the Spanish context, where the 

debate on rural depopulation is framed within the concept of “España vaciada” (literally, 

the “Emptied Spain”). "La España vaciada" (Empty Spain) refers to the severe territorial 

and demographic imbalance in Spain, characterized by a continuous decline in population 

across vast rural and inland regions (González-Val, 2025). Cortés-Ruiz and Ibar-Alonso 

(2021) explained that this demographic crisis is particularly severe in provinces like 

Soria, Zamora, Teruel, and León, where residents have organized movements to highlight 

sociodemographic decline and the lack of essential services and infrastructure.  

 

A critical but often overlooked aspect of this phenomenon is "forgotten urbanism”, 

where small rural municipalities suffer from outdated or non-existent planning tools. 

Nearly a quarter of Spanish territory, occupied by small rural towns, lacks a formal urban 

plan, leaving traditional village centers to decline (De-Santiago-Rodríguez, 2023). 

Modern infrastructure offers a potential path for resilience as some studies in Spain 

“indicate that a 10 % increase in broadband access leads to a 0.15 % and 0.08 % increase 

in local population and employment, respectively, in the short-term. Notably, this effect 

is more pronounced in small municipalities compared to larger cities” (González-Val, 

2025). 

 



 
 

12 
 

This is something that has been broadly investigated since addressing the gap in 

rural broadband access is crucial, as the Internet has become an essential component of 

modern daily life (Mack et al., 2024, p.234). It was investigated even before the 

pandemic. For example, Prieger (2013), while investigating the economic benefits of 

broadband for rural areas, told us about an analysis carried out by Kolko in 2010 that 

concluded that:  

 

“Compared to areas that had no broadband providers, areas with one to three 

providers had 6.4% higher employment growth and 2.4% more population 

growth. Although the figures cited indicate that employment grew more than 

population, the research uncovered no significant effect of broadband on the 

employment rate. The author suggests that may be because people follow the 

jobs—not a bad outcome in itself for areas seeking to grow”.  

 

To try and understand why this inequality still happens, we took a look at what 

has been said about why certain rural areas have not adapted to broadband technologies 

and high-speed internet. This was Boases’s (2010) object of investigation and he noticed 

that urban and suburban residents maintain an approximate 14–15% advantage over rural 

residents in Internet usage while broadband adoption is increasing across all area types, 

it remains proportionally higher among urban and suburban populations compared to their 

rural counterparts. He concluded that a big reason as to why some rural areas weren’t 

adopting to the new technologies might have been their personal relations and 

surroundings. Rural populations are very different demographically from nonrural 

populations: “surveys have shown that people living in rural areas tend to be somewhat 

older, less educated, and more often work in lower status occupations than people in 

nonrural areas (e.g., Bell et al., 2004; Horrigan & Murray, 2006)” (Boase, 2010). As a 

result, if rural citizens don’t have anyone in their surroundings that uses new technologies, 

they will not feel the need to use them either. Consequently, “simply making Internet 

infrastructure more available in rural areas may not completely erase these differences 

between rural and urban areas” (Boase, 2010, p.1266). Nevertheless, the development of 

Internet infrastructure in rural areas is necessary to achieve greater equality and attract 

people to the rural areas and improve living quality.  
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On the one hand, many researchers conclude that broadband and high internet 

access have a positive impact on the development of rural areas. This may result in the 

captivation of new citizens or even in the return of old citizens that decided to leave- One 

of this researchers is Prieger (2013) who wrote that “in the US, several studies have shown 

that output and employment are correlated with the deployment of broadband 

infrastructure”. He also cited Stenberg et al. (2009) to tell us a few of the benefits of 

broadband which may be of particular interest for rural communities which include 

enhanced Internet access promotes community participation and creates additional 

opportunities for income generation via telework. It facilitates social interaction by 

lowering the barriers to civic and community engagement. Throughout the same paper, 

Prieger (2013) gives us a scoop of what he called “major findings”: between 1998 and 

2002, broadband availability contributed an estimated 1.0–1.4% to local employment 

growth and 0.5–1.2% to the growth rate of business establishments. Furthermore, 

broadband access was associated with a 0.3–0.6% increase in the proportion of businesses 

operating in ICT-intensive sectors. ICTs are very important to highlight because they can 

have a great impact in migration just as the research compiled by Cooke and Shuttleworth 

(2018) showed:  

 

“Several studies argue that ICTs enhance interregional migration by (a) 

improving the quality and quantity of spatial information on distant locales 

(Dekker & Engbersen, 2014; Dekker, Engbersen, & Faber, 2015; Thulin & 

Vilhelmson, 2014; Vilhelmson & Thulin, 2013), (b) permitting migrants to 

communicate more effectively with people and places left behind (Barcus & 

Brunn, 2010; Dekker & Engbersen, 2014; Komito, 2011), and (c) allowing more 

freedom to choose a place of residence less on the basis of proximity to a fixed 

place of work and more on the basis of other geographic characteristics such as 

natural and cultural amenities (Ettema, 2010; Mokhtarian, Collantes, & Gertz, 

2004; Ory & Mokhtarian, 2006)”. 

 

In addition, many benefits have been mentioned when talking specifically about 

businesses and firms give that higher levels of broadband access in rural areas appear to 
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facilitate the establishment and attraction of businesses. Nonetheless, research indicates 

that rural firms, and possibly rural entrepreneurs, use ICTs and other broadband-related 

technologies less intensively than urban firms (Mack et al., 2024). Secondly, broadband 

reduces the transaction costs firms face when acquiring and applying knowledge. Unlike 

the first mechanism, where broadband is considered part of the knowledge itself, here it 

functions as an enabler of knowledge acquisition and utilization. For instance, in a 

broadband-enabled environment, industry-relevant knowledge can be rapidly 

disseminated to interested parties, and firms can more easily adopt new products and 

services that complement this knowledge (Prieger, 2013,). Lastly, Prieger (2013) also 

exposed that the relationship between technology and economic growth frames the 

connection between broadband and productivity in terms of whether the technology 

directly influences a firm’s choices regarding inputs and production processes. From this 

perspective, the direct impact of an ICT, such as broadband, arises when a firm adopts the 

technology to reduce production costs and improve labor productivity by equipping 

workers with more effective tools.  

 

On the other hand, there are some researches that have also pointed out the 

negative impact that broadband technologies, such as ICTs, may have on rural areas and 

their migration. For instance, adopting broadband in a rural area may increase mobility 

incoming into that area but may also reduce mobility outcoming from the rural area as 

people might decide to stay. This is exactly what Cooke and Shuttleworth (2018) brought 

to light when they stated: 

 

“Although ICTs may act to enhance migration by reducing some of the costs of 

migration, ICTs may likewise also reduce migration by diminishing the costs of 

staying. Specifically, before the advent of contemporary ICTs, the penalty 

associated with not migrating was quite high; immobility meant a reduced 

ability to access higher education (see Frenette, 2006), reduced career prospects 

(see Schaeffer, 1985), and isolation from friends and family who had already 

migrated (see Sjaastad, 1962). (…) Thus, the presumption that advanced ICTs 

contribute to a more hypermobile society is not necessarily valid with regard to 

all forms of geographic mobility. That is, although ICTs may be associated with 
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intensified and altered daily mobility behavior, they may also, simultaneously, 

be associated with reduced residential mobility and interregional migration”.  

 

Moreover, “broadband is a double-edged sword for rural areas, and would address 

concerns that broadband opens previously insulated rural markets to outside competitors, 

which can produce negative outcomes for rural businesses (Anderson et al. 2003; Freathy 

and Calderwood 2016). Studies also suggest that the availability of broadband enables 

rural residents to seek jobs elsewhere, producing outmigration and the potential for brain 

drain from rural to urban areas. (Mahasuweerachai et al. 2010; Roberts and Townsend 

2016; Townsend et al. 2017)” (Mack et al, 2024). Finally, another negative potential 

outcome of the adoption of broadband technologies on people’s mobility is that “Just as 

some families maintain residences in two distinct locales and circulate between those 

residences on an irregular basis in order to minimise economic risk, ICTs may allow 

people to maintain their current residential location while simultaneously gaining access 

to a wider range of opportunities — both through actual shorter term geographical 

movement or through the internet — to minimise risk” (Cooke and Shuttleworth, 2018, 

p.9). 

 

In conclusion, this paper seeks to examine whether the expansion of fiber optics 

and 5G to rural areas has an impact on their population and whether it is contributing to 

hindering rural depopulation in Spain as there hasn’t been much research being done on 

this topic focusing on Spain. This could be an interesting topic to address. Something 

similar was already investigated some years ago (in 2009) in the U.S. as cited by Prieger 

(2013):  

 

“In one of the most careful studies of broadband’s effect on the rural economy, 

Stenberg et al. (2009) used a quasiexperimental design approach to examine the 

impact of broadband on rural employment and income. Over the years 2002-

2006, the “treatment group” of early adopting counties experienced more job 

growth, particularly in the nonfarm sector. Broadband available counties also 
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had more population growth in all years and higher personal income and 

nonfarm earnings growth in some of the years”. 

 

In addition, it would also be of high interest to research whether COVID-19 had 

an impact on people’s mobility to rural areas in Spain by looking at and comparing data 

from both before and after the pandemic to see if being on lockdown influenced people 

to move from urban areas to rural areas, and whether having good internet access was a 

motivation to move to a rural area (even if the principal reason was either for logistic, 

economic or personal reasons) due to the (voluntary of forced) decision made by many 

companies of adapting to the telecommuting initiative. American  researchers, such as 

Cooke and Shuttleworth (2018) have tried giving answers to this questions researching 

other authors but haven’t really reached a clear conclusion, what they were able to 

understand from their literary review was that “ICTs may support working from home 

that would allow more freedom to choose a place of residence less on the basis of 

proximity to a fixed place of work and more on the basis of other geographic 

characteristics such as amenities (Ettema, 2010; Mokhtarian et al., 2004; Ory & 

Mokhtarian, 2006)”. And, that the capacity to work remotely from home using ICTs does 

not necessarily lead to increased residential mobility. Instead, remote work often serves 

to mitigate the challenges of long commutes and, in some cases, may even encourage 

individuals to remain in their current location (Cooke and Shuttleworth, 2018). Others 

like Jamison and Wang (2020) directly reached a negative conclusion:  

 

“We find that the presence of broadband had little measurable impact on 

people’s tendencies to stay home during these weeks (…). Having broadband in 

their homes made people less likely to go to work. So, home broadband did not 

necessarily prompt people to stay home, but it did limit their going to their 

traditional workplaces.  

Our main results for both staying home and visiting workplaces explain that the 

bulk of the reasons why people decide to stay home has to do with factors such 

as age, type of occupation, and level of education, not broadband. Broadband 

penetration itself seems to explain only a small portion of the changes in 

mobility trends in the U.S. in the second half of March and all of April”.  
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But this could have been because, when they investigated, the pandemic was still 

too recent to have clear and complete results. For this reason, in my opinion, investigating 

this in Spain, a country rich in rural areas, some greatly developed and others that are 

falling behind in terms of broadband accessibility and high-speed internet availability, 

might be able to give us very interesting results and give us an approach to what could be 

done to help underdeveloped areas attract newcomers, as well as give a different point of 

view on a well-researched department as is the impact that COVID-19 has had in our 

lives by focusing on a variable such as the access to emerging technologies like broadband 

and 5G.  

 

Also, the digital transformation in Spain, framed within the European Digital 

Decade 2030 (Márquez, 2024), has evolved from a technical necessity into a fundamental 

pillar for social and territorial cohesion. The massive deployment of Fiber-to-the-Home 

(FTTH) networks and the advancement toward next-generation systems, such as Radio-

over-Fiber (Torres et al.), have established the infrastructure required for a new 

relationship between citizens and their territory. As noted by Roca (2024), this progress 

enables a more proactive and accessible Public Administration, effectively dismantling 

the geographical barriers that have historically driven rural flight. In this context, the 

present study analyzes whether this digital infrastructure is truly serving as a catalyst for 

demographic retention and regional rebalancing 

 

This might have a huge impact given that some people that have investigated 

similar issues in other countries have concluded that the lack of equality when it comes 

to broadband technologies may compel workers to commute to the office, thereby 

preventing them from realizing the potential benefits of remote work. Additionally, 

substandard infrastructure may weaken economic resilience in the event of future 

restrictions or virus outbreaks that necessitate similar measures (McArthur and Hong, 

2023) which is something that we should take into account because, just how we never 

saw COVID-19 and everything that it brought along coming, we should try and be as 
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prepared as possible in case something like what happened in 2020, and what it carried 

over for years on, ever happens again unpredictably. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



 
 

19 
 

CHAPTER 2. DESCRIPTIVE ANALYSIS. 

We are now going to perform a descriptive analysis with data from different 

sources in order to find answers to the questions raised in the chapter above. For this 

analysis we used the following variables:  

• CMUN: Municipality code. 

• year: Year. 

• 4G: Percentage of dwellings covered by 4G. 

• 5G_dummy: Binary variable (1 if 5G coverage > 0; 0 otherwise). 

• 5G: Percentage of dwellings covered by 5G. 

• Cob_100Mbps: Percentage of dwellings covered by any technology with at 

least 100 Mbps speed. 

• VDSL_30Mbps: Percentage of dwellings covered by ADSL/VDSL with at least 

30 Mbps speed. 

• FTTH: Percentage of dwellings covered by fiber optic network. 

• Edad_media: Average age of the population. 

• Padron_Hombres_Espanola: Number of Spanish-nationality men according to 

the population register. 

• Padron_Hombres_Extranjera: Number of foreign-nationality men according 

to the population register. 

• Padron_Hombres_Total: Total number of men according to the population 

register 

• Padron_Mujeres_Espanola: Number of Spanish-nationality women according 

to he population register. 

• Padron_Mujeres_Extranjera: Number of foreign-nationality women according 

to the population register. 

• Padron_Mujeres_Total: Total number of women according to the population 

register. 

• Padron_Total_Espanola: Total population of Spanish nationality according to 

the population register. 

• Padron_Total_Extranjera: Total population of foreign nationality according to 

the population register. 
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• Padron_Total: Total population according to the population register. 

• Paro: Number of unemployed people. 

• Porcentaje_hogares_unipersonales: Percentage of single-person households. 

• Pob65: Percentage of population aged 65 and over. 

• Pobmenor18: Percentage of population under 18 years old. 

• Renta_neta_media_hogar: Average net household income. 

• Renta_neta_media_persona: Average net income per person. 

• Tamaño_medio_hogar: Average household size. 

 

To carry out this analysis, we first export our Excel file with all our data to Google 

Collab. Once it has been uploaded, and before we start looking at possible relations 

between variables, we take a look at what the situation was at the most recent year 

captured in our dataset (2022) in Spain. We specifically show the number of 

municipalities with 5G in 2022 in Spain using the “5G_dummy” variable. For this, we 

filter our dataset to only include records from the year 2022. Then, we use the 

value_counts() function on the “5G_dummy” variable to count how many municipalities 

have at least some 5G coverage (value 1) versus those with none (value 0). Finally, we 

generate a pie chart. 

 

Figure 1. Distribution of Municipalities with 5G Coverage in Spain (2022). 

 

Source: Own elaboration. 
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As we can see, even though the majority of municipalities in Spain had 5G in 

2022, there were still a 46.5% of municipalities that didn’t have access to it. This could 

be because 5G in 2022 was still rather new and what was more common at the time was 

4G. For this reason, we decided to also generate a timeline to show the evolution of 5G 

and 4G in Spain throughout the years until 2022 using the variables “4G_dummy” and 

“5G_dummy”. To track the technological evolution over time, we group the data by year 

and calculate the sum of the 4G_dummy and 5G_dummy variables. This effectively 

counts the total number of municipalities connected to each technology per year. We then 

plot these trends and obtain: 

 

Figure 2. Evolution of 4G and 5G Municipal Adoption in Spain (2013-2022). 

 

Source: own elaboration. 

 

Figure 2 clearly shows that the turning point was around 2019. We see that 4G 

adoption shows rapid, steady growth starting from 2013, eventually plateauing around 
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2018-2019 as it reached near-universal municipal coverage and, meanwhile, 5G adoption 

remains at zero until a sharp, exponential spike begins in 2020. This perfectly 

contextualizes the introduction of 5G right around the onset of the COVID-19 pandemic. 

In other words, we see that from 2019 onwards, the number of municipalities that 

acquired 4G stalled while in 2020 the number of municipalities that implemented 5G 

internet rapidly increased going from 0 to almost 5,000.  

 

Now that we have a general image on what the situation was in 2022 (the most 

recent data publicly available) and how the adaptation of higher-performing technologies 

has evolved through the years, we should look at how the different variables correlate 

with each other. To do this, we execute a correlation matrix for all our variables by 

creating a subset of our data frame containing only the relevant numerical variables. 

Python then calculates the Pearson correlation coefficient between every pair of variables. 

For the numbers to be visible, we had to divide the correlation table into three different 

tables.  

 

Table 1. Correlation Matrix 1. 

 

Source: Own elaboration. 
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Table 2. Correlation Matrix 2. 

 

Source: Own elaboration. 

 

Table 3. Correlation Matrix 3. 

 

Source: Own elaboration. 
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Given the number of variables, we chose to also do a heat map correlation matrix 

for it to be more visual and be able to see higher correlation coefficients more easily.  

 

Figure 3. Heat Map of Pearson Correlation Coefficients between Connectivity and 

Socioeconomic Factors. 

 

Source: own elaboration. 

 

In the correlation matrix we can see that the availability of “5G” has a positive 

correlation with the variables “Padron_Total”, “Renta_neta_media_hogar”, and 

“Tamaño_medio_hogar”: and a negative correlation with “Edad_media”. That is, the 

percentage of dwellings covered by 5G seems to be positively related to the total 

population in the municipalities, the municipalities’ homes’ average net income, and the 

municipalities’ average home size. However, the contrary happens to the percentage of 
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dwellings covered by 5G and the average age in each municipality. To further analyze 

this phenomenon, we looked at some scatter plots.  

 

Figure 4. Relationship between 5G Coverage and Key Demographic Indicators: 

Population, Household Size, Income, and Age. 

 

Source: own elaboration. 

 

Figure 4 shows four scatter plots arranged in a 2×2 grid, each comparing a variable 

against a horizontal axis labeled “5G”. In the top-left plot titled “5G - Total Population 

Scatter Plot”, the vertical axis is labeled “Total Population”, and the points are widely 

dispersed, with a dense cluster of points appearing at lower population values and a few 

points extending much higher, indicating a broad range on the y-axis with some noticeable 

high-value outliers. The top-right plot, titled “5G - Household Average Size Scatter Plot”, 

has “Household Average Size” on the y-axis, and most points are concentrated in a 

relatively narrow vertical band, suggesting that values fall within a limited range, 

although there are a few points that extend higher than the main cluster. In the bottom-

left plot, titled “5G - Household Average Net Income Scatter Plot”, the y-axis represents 

“Household Average Net Income”, and the points are spread across a moderate vertical 

range, with many observations forming a dense band in the middle and some scattered 

points both above and below that band. Finally, the bottom-right plot, titled “5G - Average 

Age Scatter Plot”, shows “Average Age” on the y-axis, where most points cluster within 
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a central range, with some dispersion upward and downward, indicating variability but 

still a noticeable concentration around mid-range values. Across all four plots, the 

horizontal axis labeled “5G” spans from low to high values, and the points appear 

distributed across this axis without forming any obvious linear pattern, resulting in clouds 

of points that vary in density and spread depending on the variable being plotted. 

 

These scatter plots don’t show clearly the results from the correlation matrix. So, 

we try to combine some of these variables to see if we get any other information or 

conclusion.  

 

Figure 5. Multivariate Analysis of 5G Impact: Population Dynamics vs. Average Age, 

Income and Household Size. 

 

 

 

 Source: own elaboration. 
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We now present three scatter plots that all share a similar structure, with “5G” on 

the horizontal axis and “Total Population” on the vertical axis, but each plot incorporates 

a different variable represented through a color scale shown in an adjacent color bar. In 

the top-left plot titled “5G - Total Population - Average Age Scatter Plot”, the points are 

distributed with a dense concentration at lower population values and a few points 

extending much higher, and the coloring of the points varies according to “Average Age”, 

as indicated by the color bar ranging from lower to higher values. The top-right plot, titled 

“5G - Total Population - Household Average Net Income Scatter Plot”, shows a similar 

spread of points across the same axes, again with most points clustered near the bottom 

of the population scale and some higher-value points standing out, while the color of each 

point reflects “Household Average Net Income”, with a color bar indicating the range of 

those values. In the bottom plot, titled “5G - Total Population - Household Average Size 

Scatter Plot”, the same general distribution pattern is visible, with a concentration of 

points at lower population levels and a smaller number of higher population observations, 

and the coloring corresponds to “Household Average Size”, as shown by the 

accompanying color bar. Across all three plots, the horizontal “5G” axis spans from low 

to high values, while the use of color adds an additional dimension to each plot, allowing 

differences in the third variable to be visualized alongside the position of each point. 

 

We can see that the municipalities that increase in population when 5G is 

increasingly implemented could be those with a lower average age, and those with low to 

medium average home net income and household size. The scatter plots show heavy 

clustering at 0.0 (no coverage) and 1.0 (full coverage). While the correlations exist, the 

visual spread is very wide, indicating a lot of variance.  

 

This analysis leaves open the question of whether 5G has been deployed in areas 

with larger, wealthier, and younger populations, or whether its arrival has itself attracted 

population, especially young people, and generated economic gains reflected in higher 

incomes. 
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On the other hand, for the variable “FTTH” (the percentage of dwellings covered 

by fiber optic network) we see that it has a positive correlation with “Padron_Total”, 

“Renta_neta_media_hogar”, “Tamaño_medio_hogar”, and “Pobmenor18” while having 

a negation correlation with “Edad_media”. This is really similar to what we saw for the 

5G variable. We will now look at these relations from a more specific point of view. 

 

Figure 6. Relationship between FTTH Coverage and Key Demographic Indicators: 

Population, Underage Population, Age, Household Size, and Income. 
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Source: own elaboration.  

 

Figure 6 contains five scatter plots that are arranged in a grid, each using “FTTH” 

on the horizontal axis and comparing it with different demographic or household-related 

variables on the vertical axis. In the top-left plot titled “FTTH - Total Population Scatter 

Plot”, the points are heavily concentrated at lower total population values, forming a 

dense cluster near the bottom of the graph, while a smaller number of points extend much 

higher, indicating a widespread with a few noticeably large values. The top-right plot, 

“FTTH - Underage Population Scatter Plot”, shows a broad vertical distribution of points, 

with many observations forming a dense band across the middle of the y-axis and some 

dispersion above and below, suggesting variability in the underage population values. In 

the middle-left plot titled “FTTH - Average Age Scatter Plot”, most points are 

concentrated within a central vertical range, with some spread upward and downward, 

creating a fairly continuous cloud of points without sharp clustering at extremes. The 

middle-right plot, “FTTH - Household Average Size Scatter Plot”, displays a tighter 

vertical clustering compared to the others, with most points grouped within a relatively 

narrow band, though a few points extend higher than the main cluster. Finally, the bottom 

plot titled “FTTH - Household Average Net Income Scatter Plot” shows points distributed 

across a wider vertical range, with a dense concentration in the middle and some points 

extending toward higher values. Across all five plots, the FTTH axis runs from low to 

high values, resulting in varying densities and spreads depending on the variable being 

shown. 
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These graphs show a clear relation between the presence of optic network and the 

total population of the municipalities and the presence of optic network and the 

household’s average net income. Let’s see how these three variables relate within 

themselves.  

 

Figure 7. Multivariate Analysis of FTTH Impact: Population Dynamics vs. Income. 

 

 Source: own elaboration.  

 

Figure 7 is a scatter plot titled “FTTH - Total Population - Household's Average 

Net Income Scatter Plot”, its horizontal axis is labeled “FTTH”, and the vertical axis is 

labeled “Total Population”. The points are spread across the full range of the FTTH axis, 

from low to high values, while the population values are heavily concentrated near the 

lower end of the y-axis, forming a dense cluster close to the bottom of the chart. A smaller 

number of points extend upward, creating a noticeable vertical spread that includes 

several higher population values and a few prominent outliers near the top of the plot. 

Each point is colored according to “Household’s Average Net Income”, as indicated by 

the color bar on the right, which transitions across a gradient representing lower to higher 

income values. The coloring varies across the plot without forming a distinct visual 

pattern tied to position, while the overall distribution of points remains uneven, with most 

observations tightly grouped at low population levels and fewer observations appearing 

at higher population values. 
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The plot confirms that municipalities with 100% FTTH coverage tend to capture 

the highest population and income peaks, but there are still many fully covered 

municipalities with low populations, suggesting technology alone doesn't guarantee a 

massive population. 

 

These results make us, once again, question whether optic network has been 

deployed in areas with larger, wealthier, and younger populations, or whether its arrival 

has itself attracted population, especially young people, and generated economic gains 

reflected in higher incomes. The relationship appears slightly clearer visually, especially 

regarding population and income.  

 

To continue our research, we decided to create a new variable called “population 

growth rate”, that is, (Padron_Total(𝑡) − Padron_Total(𝑡 − 1))/Padron_Total(𝑡 − 1), 

and examine the correlations between “5G” and “FTTH” and this growth rate, in order 

to assess whether technology has accelerated migratory movements, or at least if the 

correlation suggests that this may be the case. 

 

Table 4. Correlation Matrix with Population Growth Rate. 

 

Source: own elaboration. 

 

This correlation matrix shows a slight positive correlation between the 

“population growth rate” and both “5G” and “FTTH”. Let’s get a closer look at these 

correlations.  
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Figure 8. Comparison of correlation between FFTH and 5G and the Population 

Growth Rate. 

 

Source: own elaboration.  

 

Here we have two side-by-side scatter plots, each examining the relationship 

between population growth rate and a different variable. In the left plot titled “FTTH - 

Population Growth Rate Scatter Plot”, the horizontal axis is labeled “FTTH” and the 

vertical axis is labeled “Population Growth Rate”. The points are spread across the full 

FTTH range, but there is a noticeable vertical clustering of points near the lower end of 

the FTTH axis, where many observations are stacked and extend across a wide range of 

growth rate values, including both higher and lower extremes. Across the rest of the FTTH 

axis, the points form a relatively dense horizontal band centered around mid-range growth 

rate values, with fewer points appearing at the extremes. In the right plot titled “5G - 

Population Growth Rate Scatter Plot”, the horizontal axis is labeled “5G”, and the vertical 

axis remains “Population Growth Rate”. A similar pattern is visible, with a strong 

concentration of points near the lower end of the 5G axis forming a vertical spread that 

covers a broad range of growth rate values. Beyond that region, the points are distributed 

across the axis in a relatively narrow horizontal band, indicating that most values cluster 

within a limited range of growth rates, with some scattered points extending above and 

below.  

 

Looking at these scatterplots, the correlation seems clearer for FTTH than for 5G. 

They suggest that the greater percentage of FTTH coverage, the bigger the population 
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growth rate. Once again, we question whether this means that a larger presence of optic 

network in a municipality leads to population growth or if there is an increase of optic 

network because there is population growth.  

 

The initial exploratory analysis, conducted through correlation heatmaps and 

bivariate visualizations, reveals a clear positive association between the rollout of 

advanced digital infrastructures, specifically FTTH and 5G, and several vital 

demographic markers, such as total population, household income, and a higher 

proportion of younger residents. While these patterns suggest that digital connectivity is 

deeply intertwined with municipal vitality, the scatter plots also highlight significant 

volatility and potential endogeneity. Specifically, these visual results leave open a 

fundamental question of causality: is the infrastructure acting as a magnet for growth, or 

is it simply being deployed in areas that already possess the demographic and economic 

characteristics required to support it? 

 

To move beyond mere correlation and address this "chicken-or-egg" dilemma, a 

more sophisticated analytical framework is required. Simple cross-sectional observations 

cannot account for the unique, unobservable traits of each municipality that stay constant 

over time, such as geographic location or local culture. Therefore, the next chapter utilizes 

a Panel Data Linear Regression with Fixed Effects. By focusing on the variation within 

each municipality over the seven-year period, this model allows us to isolate the specific 

impact of technology deployment from other external factors, providing a much more 

rigorous assessment of whether digital investment truly serves as a catalyst for reversing 

rural depopulation. 
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CHAPTER 3: LINEAR REGRESSION.  

In order to further verify the correlation between the variables in our dataset, we 

will carry out a linear regression model. To analyze the impact of high-speed broadband 

deployment on local population, this study employs an Econometric Panel Data Analysis. 

This approach is superior to simple cross-sectional models as it allows for the observation 

of specific dynamics within municipalities over time while controlling unobserved 

heterogeneity. 

 

The empirical analysis is conducted using Python, leveraging the pandas and 

NumPy libraries for data processing, and the linearmodels library for the econometric 

estimation. The following sections detail the technical implementation of the model. 

 

The dataset is structured as a Longitudinal Panel, tracking municipal-level data 

over several years. To address potential non-linearities and to stabilize the variance of the 

error terms, a natural logarithmic transformation is applied to the dependent variable 

(Population) and the income control variable: 

 

log_pop = ln⁡(𝑃𝑎𝑑𝑟𝑜𝑛_𝑇𝑜𝑡𝑎𝑙)⁡ 

log⁡ _icome = ln⁡(Renta_neta_media_persona) 

 

A critical step in the implementation is the definition of the panel index. The model 

uses a multi-index consisting of the municipal code (CMUN) as the cross-sectional 

identifier and the year (year) as the temporal identifier. This structure is essential for the 

software to correctly distinguish between within-entity and between-entity variations. 

 

The study utilizes the PanelOLS (Panel Ordinary Least Squares) estimator. The 

choice of a Fixed Effects (FE) model is justified by the need to control unobserved 

heterogeneity. The specification is defined as follows: 
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1. Entity Effects: These capture all time-invariant characteristics specific to each 

municipality. This type of fixed effects captures unobservable and time-invariant 

aspects, such as cultural themes, customs, geographical characteristics, local 

idiosyncrasies, etc. 

2. Time Effects: These account for shocks that affect all municipalities 

simultaneously in a given year. They act as a "buffer" that captures external events 

that could otherwise bias your results. A great example of this is the 2020 COVID-

19 crisis.  

 

To ensure the validity of the hypothesis testing, the model is estimated using 

Heteroskedasticity-robust standard errors (cov_type="robust"). This approach prevents 

the underestimation of standard errors and ensures that the p-values and confidence 

intervals remain reliable even if the variance of the residuals is not constant across the 

sample. These are the results we get by running the code: 

 

Table 5. FTTH Estimation summary. 

 

Source: own elaboration.  
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Table 6. FTTH Parameter Estimates. 

 

Source: own elaboration.  

 

In this case, the estimation results for the Fixed Effects (PanelOLS) model provide 

robust evidence regarding the impact of digital infrastructure on municipal demography: 

 

Firstly, the variable of interest, FTTH, shows a positive coefficient of 0.0230, 

which is statistically significant at the 1% level (p < 0.01). This result suggests that the 

deployment of Fiber technology is a significant driver of population retention or growth. 

Specifically, an interpretation for these results is that a one percentage point increase in 

fiber coverage is associated with a 2.3% increase in the population, ceteris paribus (the 

rest remaining constant). This proves that digital connectivity plays a vital role in 

maintaining and growing local populations. Also, we can see that we got extremely 

similar results to what Kolko in 2010 (cited by Prieger, 2013) got for the United States 

when he found that regions serviced by one to three broadband providers experienced an 

employment growth rate 6.4% greater, alongside a population increase 2.4% higher, than 

regions completely lacking broadband infrastructure. 

 

In addition, regarding the economic controls, log_income yields a negative and 

significant coefficient (-0.165), suggesting that population dynamics in the sample may 

be influenced by factors beyond purely monetary wealth, such as the cost of living or 
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industrial shifts. Furthermore, unemployment (Paro) shows the expected negative sign, 

confirming that municipalities with higher jobless rates experience greater population 

decline, although the magnitude of this effect is relatively small. 

 

Finally, the model demonstrates high internal validity. The F-test for Poolability 

(p < 0.01) strongly rejects the null hypothesis that a simple OLS regression would be 

sufficient, thereby validating the use of Entity and Time Fixed Effects. While the Within 

R-squared stands at 7.49%, it is important to note that in social science panel data with 

fixed effects, this value is standard, as the model focuses on explaining the variation over 

time rather than the absolute population levels. 

 

To conclude, the econometric analysis confirms that digital infrastructure is a vital 

tool in the fight against depopulation. Specifically, the statistically significant positive 

coefficient of the FTTH variable demonstrates that expanding fiber optic access leads to 

a measurable increase in municipal residents. By taking into account income and 

unemployment through a Fixed Effects framework, the model proves that this 

demographic growth is not merely a result of economic trends but is actually directly 

linked to the availability of high-speed connectivity. Ultimately, these findings suggest 

that digital investment is a key driver for territorial cohesion, providing a viable pathway 

for revitalizing rural areas and balancing regional development. 

 

Now, we do another linear regression but using the variable “5G” as the variable 

of interest. Once we have substituted the variable FTTH for the 5G variable, we run the 

code and here are the results we obtain:  
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Table 7. 5G Estimation Summary. 

 

Source: own elaboration.  

 

Table 8. 5G Parameter Estimates. 

 

Source: own elaboration.  

 

Looking at these results, the first thing we notice is that the regression analysis 

reveals a positive and highly statistically significant relationship between the deployment 

of next-generation telecommunications infrastructure and municipal population 

dynamics. Specifically, the estimated coefficient for the 5G coverage variable is 0.0382, 

accompanied by a p-value of 0.0000, indicating robust significance at the 1% level. 
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Since the dependent variable representing population is specified in logarithmic 

terms (log_pop), while the independent variable of interest is measured as a proportion 

from 0 to 1 (where 1 represents 100% coverage), the coefficient is interpreted as a 

percentage change. Consequently, holding all other control variables and unobserved 

fixed effects constant, transitioning from zero to full 5G coverage within a municipality 

is associated with a 3.82% increase in its population. Specifically, achieving full 5G 

coverage is linked to a roughly 3.8% demographic expansion in the affected areas, 

underscoring the vital role of modern digital connectivity in shaping regional 

demographic trends. Ultimately, these results suggest that the deployment of 5G 

infrastructure has a substantial and highly significant impact on population retention or 

growth. This is just as Cooke and Shuttleworth (2018) stated when they argued that ICTs 

diminish the costs of staying in one place, reducing outmigration because people are no 

longer isolated and can access remote work. They also noted that remote work mitigates 

long commutes and encourages people to stay in their current location. Our positive 

FTTH and 5G coefficients capture this exact "retention" effect.  

 

On the other hand, regarding the socioeconomic control variables included in the 

model, the results reveal significant demographic dynamics related to local income and 

employment levels. The coefficient for average net income (log_income) is estimated at 

-0.1620 and is statistically significant at the 1% level (p-value = 0.0000). Because both 

the dependent variable and the income variable are logarithmically transformed, this 

coefficient acts as an elasticity, indicating that a 1% increase in a municipality's average 

net income is associated with a 0.16% decrease in its population. Rather than suggesting 

that individuals leave high-income areas in search of better job opportunities, this 

negative relationship may instead reflect cost-of-living pressures. Municipalities with 

higher average incomes often also exhibit higher housing prices and general living costs, 

which can incentivize certain population groups, particularly younger individuals or 

lower-income households, to relocate to more affordable areas. In this sense, the 

coefficient may be capturing the effect of affordability constraints, such as the housing 

problems is larger cities like Madrid or Barcelona, where high income levels coexist with 

significant barriers to residential access. 
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Similarly, the model captures a highly significant, negative relationship between 

unemployment (Paro) and population growth. The estimated coefficient of negative 

0.0000003342 (p-value = 0.0000) confirms that higher unemployment levels are linked 

to demographic decline, aligning with the theoretical expectation that individuals will 

emigrate from areas with constrained labor markets in search of better job opportunities. 

Although the mathematical magnitude of this coefficient appears remarkably small, this 

is primarily an artifact of the variable's scaling; Paro is measured in raw aggregate totals 

rather than as a proportional unemployment rate, thereby shrinking the numerical size of 

the coefficient without diminishing its statistical or economic relevance. 

 

Finally, regarding the explanatory power of the model, the Within R-squared value 

stands at 0.0589, indicating that the independent variables account for approximately 

5.9% of the variation in population within individual municipalities over time. Although 

this figure may initially appear low, it is a standard and widely accepted outcome in Fixed 

Effects panel data models, as the entity fixed effects inherently absorb a substantial 

portion of the static, cross-sectional variation. Furthermore, the robustness of this 

specification is confirmed by the F-test for poolability, which yielded a statistic of 9260.9 

(p < 0.01). This highly significant result strongly rejects the null hypothesis that 

unobserved individual effects are non-existent, thereby validating that the inclusion of 

Entity and Time Fixed Effects was strictly the appropriate econometric approach for this 

analysis. 
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CHAPTER 4. CONCLUSIONS.  

The empirical findings of this study suggest that digital infrastructure plays a 

statistically significant role in shaping population dynamics across Spanish 

municipalities. Both fiber optic broadband and 5G coverage show positive associations 

with population growth, even after controlling for income levels, unemployment, and 

unobserved municipal characteristics. These results indicate that investment in high-

speed connectivity can contribute to mitigating rural depopulation by enabling remote 

work and reducing the economic disadvantages of geographic isolation. Consequently, 

digital infrastructure policy should be viewed not merely as a technical project, but as a 

strategic territorial cohesion tool for balanced regional development. 

 

An additional mechanism through which digital connectivity may contribute to 

territorial rebalancing relates to spatial differences in housing costs and general living 

expenses. If high-speed internet allows workers and firms to operate effectively from 

geographically distant locations, regions with lower housing prices and lower cost of 

living may become increasingly attractive relative to large cities. In this context, digital 

infrastructure can make it easier to access good jobs without facing high housing costs. 

Remote work and digital business activity may allow smaller or more remote 

municipalities to benefit from their advantages, such as lower housing costs, better quality 

of life, and less congestion. This dynamic could help explain why improved connectivity 

may contribute not only to population retention but also to the attraction of new residents 

and economic activity in previously disadvantaged areas. 

 

To be effective, broadband policy must be tailored to specific objectives. Reducing 

the digital divide can help small municipalities adapt to demographic challenges, but 

effective design requires a multi-level approach balancing regional coordination with 

targeted local interventions (González-Val, 2025). Critically, however, the demographic 

effects of broadband expansion often materialize only after several years (Lehtonen, 

2020). This lag explains why current economic benefits may appear limited. To move 

beyond this "second-best" outcome, the focus must shift from purely technical expansion 

to addressing adoption barriers. Successful transformation requires identifying factors 
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that prevent residents from utilizing new infrastructure, rather than assuming coverage 

alone generates economic momentum (Moral-Arce et al., 2025). 

 

While the econometric results provide evidence of a positive relationship between 

deployment and growth, the analysis also highlights the complexity of identifying a 

purely causal mechanism. Digital infrastructure may act as both a driver and a 

consequence of economic development; growing municipalities attract investment, which 

in turn reinforces their attractiveness. 

 

Future research could extend this analysis by incorporating indicators such as firm 

creation rates, productivity, or teleworking intensity. Moreover, exploring regional 

heterogeneity could reveal whether impacts differ between metropolitan and sparsely 

populated regions. Ultimately, understanding these socioeconomic effects remains 

essential for designing effective regional development policies. 

 

In addition, several limitations should be acknowledged when interpreting the 

results of this study. One important constraint is the lack of more recent data at the 

municipal level, which limits our ability to capture the most up-to-date population 

dynamics, particularly those that may have emerged after the consolidation of remote 

work practices following the COVID-19 pandemic. This temporal limitation may prevent 

the analysis from fully reflecting recent migration patterns toward rural areas. 

 

Furthermore, the study does not explicitly address the potential issue of 

endogeneity. While the analysis assumes that the deployment of broadband and 5G 

infrastructure may influence population changes in rural areas, it is also possible that the 

causal relationship operates in the opposite direction, meaning that areas experiencing 

population growth or greater economic dynamism may be more likely to receive earlier 

technological investment. Therefore, future research could benefit from the use of causal 

inference strategies, such as instrumental variables or quasi-experimental designs, to 
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better isolate the direction of the relationship between digital infrastructure and 

demographic change. 

 

To conclude, the success of rural broadband initiatives must be measured by more 

than just kilometers of fiber optic cable or percentages of 5G coverage. While building 

this infrastructure is a necessary first step to ensure regional balance, it is only the 

beginning of a much larger process. For these investments to translate into tangible 

economic impacts, such as creating jobs, boosting digital trade, and improving public 

services, policymakers must close the gap between availability and adoption. By shifting 

the focus toward overcoming socio-economic barriers and fostering digital literacy, Spain 

can ensure that high-speed connectivity acts not just as powerful driver for rural growth 

rather than just a technical utility.  
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de IAG de código sólo en el contexto de las actividades descritas a continuación: 

1. Brainstorming de ideas de investigación: Utilizado para idear y esbozar 

posibles áreas de investigación. 

2. Referencias: Usado conjuntamente con otras herramientas, como Science, para 

identificar referencias preliminares que luego he contrastado y validado. 
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4. Interpretador de código: Para realizar análisis de datos preliminares. 
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