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Resumo 

 

As dinâmicas empresariais, como a sobrevivência e o crescimento, assumem uma considerável 

importância para as economias nacionais e, consequentemente, para a economia mundial. O estudo 

destas dinâmicas permite um maior entendimento sobre a forma como as empresas podem prosperar 

e promover maiores oportunidades de emprego e crescimento económico. O objectivo desta 

dissertação é compreender de que forma as características e decisões das empresas de transportes 

e armazenagens influenciam a sua sobrevivência e, aproveitando a extensa literatura, desenvolvendo 

e estimando modelos de duração de riscos proporcionais. Os dados usados nesta dissertação 

provêm do Sistema de Contas Integradas das Empresas, fornecido pelo Instituto Nacional de 

Estatística. Utilizando vários modelos de proportional hazards, é possível estimar a sobrevivência das 

empresas e quais os factores que mais a influenciam. Analisamos o impacto da idade da empresa, o 

seu tamanho em termos de número de trabalhadores, tanto atuais como à data da fundação da 

empresa, as decisões de exportar, importar e investir em novas tecnologias, o crescimento da 

empresa e a concentração do mercado. Os resultados deste estudo indicam que empresas com mais 

tempo no mercado, que operaram no mercado internacional e com maior número de trabalhadores 

apresentam um menor hazard de saída do mercado. Encontraram-se indícios de que o número de 

trabalhadores à data da fundação não influencia de sobremaneira a sobrevivência da empresa. 

Porém, não foi possível encontrar evidências quanto à influência do crescimento em número de 

trabalhadores, investimento em inovação e da concentração do mercado na sobrevivência das 

empresas. 

 

Palavras-chave: sobrevivência, dinâmicas empresariais, indústria de transportes, indústria de 

armazenagem, duração 
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Abstract 

 

Firm dynamics such as survival and growth are of the utmost importance for the national 

economies and, consequentially to the worldwide economy as well. The study of these dynamics 

allows for a better understanding of the way firms can prosper and provide more job opportunities and 

economic growth. The goal of this thesis is to understand how characteristics and decisions of the 

transportation and storage industries in Portugal influence firm survival and, making use of the 

extensive literature, to develop and estimate a proportional hazard model to measure survival. The 

data used in this work originates from the Portuguese dataset Sistema de Contas Integradas das 

Empresas provided by the Portuguese National Institute of Statistics. Using various proportional 

hazards models it is possible to estimate firm survival and which factor influence it the most. We 

analyzed the impact of firm age, its size in number of workers, both at the current time and at the start 

up time, the decisions to export, import and invest in new technologies, the growth of the firm and the 

market concentration. The results of this study indicate that firms that remain in the market for a longer 

time, operate in the international markets and with a larger number of employees have a lower hazard 

of exit. We found evidence that the firm’s startup size was not very influential in firm survival. However, 

it was not possible to find evidence regarding the influence of growth, investment in innovation and 

market concentration on firm survival. 

 

Keywords: survival, firm dynamics, transportation industry, storage industry, duration 
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1. Introduction  

The study of firm dynamics has been a topic of interest to the scientific community for a long time. 

The need to understand how the various characteristics of firms influence their overall performance, 

growth and survival has drawn a lot of attention around this topic, mostly regarding one of the most 

influential industries in the world: the manufacturing industry. Since not all industries are the same, the 

firm dynamics will be different for each case, making the study of these dynamics on other industries a 

very interesting topic. The transportation and storage industries are a case that is particularly 

interesting to study, due to its importance to the manufacturing industry. 

Realizing that communications are performed almost instantly and the ever-increasing need to 

move people and goods from one place to another as fast as possible brings even more interest to the 

development of these industries. The study of firm dynamics in these industries allows a better 

understanding of how small firms influence the market when compared to their big counterparts. This 

dissertation aims, therefore, to study the different dynamics of firms in the Portuguese transportation 

and storage industries by analyzing their duration and survival. 

 

1.1. Transportation Industry 

The need for transportation is as ancient as mankind itself. Ever since the nomad collectors, up 

until the modern times, there was always the need to move people or goods from one place to 

another. This led to the creation of new and improved transportation modes, such as carriages, 

automobiles and airplanes, and routes, such as trails, roads and rails.  

The growth and modernization of transports was enormous, starting with walking and swimming, 

evolving through the animal-led carriages and later to the trains with steam engines, one of the 

products of the industrial revolution, up until modern automobiles, aircrafts and even spaceflights, and 

it is still an ongoing process driven by the constant need of faster and safer access to goods and 

places. 

This industry’s development and the consumer’s demand typically results in the appearance of new 

firms, looking to establish themselves on the market, creating a highly competitive environment and 

imposing obstacles to the small and medium firms looking to survive and grow.  

The study of the transportation industry’s dynamics, in terms of entry and exit of firms from the 

market, is particularly interesting to understand what are some of the factors which influence the 

survival and growth of companies, and also to know if the industry is expanding, contracting or on 

steady state. This, in turn, leads to further research aiming to understand the reasons behind the 

correspondent state. 
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With our analysis, we found that firms that firms who remain on the market for a longer time and 

have a higher number of employees have a lower hazard of exit, when compared with their younger 

and smaller counterparts. A few of our models also show that a higher start up size lowers a firm’s 

hazard of exit. The decisions to import and export also appear to favor the survival of a firm over the 

decision to operate solely on the Portuguese market. Finally, we were not able to draw any 

conclusions regarding the influence of the firm growth and its decision to invest on new technologies. 

Also, there was no apparent relationship between the market concentration of this industry and firm 

survival. Overall, these findings are aligned with the ideas presented by the previous authors who 

mainly studied the topic of firm survival on the manufacturing industry. 

With this in mind, in the following chapter we present the literature review, giving particular 

emphasis to some of the most common dynamics of a firm like size, age and growth. We also cover 

extant literature regarding innovation, the decision to enter international markets through import, 

export, and finally, an analysis on the influence of the competitive environment that the firm faces. 

Chapter 3 includes a presentation of the dataset we will use to study firm survival along with some 

interesting statistics regarding the firms present on the Portuguese transportation and storage 

industries. Chapter 4 presents some early hypotheses regarding the factors that may affect the 

survival of firms. Chapter 5 has a description of the methodology and family of models that will be 

used and the final chapter presents some conclusions of the work developed so far. Chapter 6 

presents and discusses the results, with regard to the literature presented above. Finally, Chapter 7 

concludes the study with some remarks of the work performed, the limitations of the analysis and 

provides some ideas for future investigation. 
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2. Literature Review 

2.1. Firm dynamics 

The topic of firm survival has been thoroughly studied and many different hypotheses have been 

proposed throughout the years in an attempt to explain how a firm can be built in order to maximize its 

chances of survival in the market. 

Before any important analysis we must consider that entering the market is different than 

penetrating the market. This issue was brought to light by Geroski [1995] in his compilation of stylized 

facts regarding the entry of firms on the market. Based on a dataset from the United Kingdom, Geroski 

showed, by comparing the percentage of entrants and the respective percentage of sales in the whole 

industry, that new entrants had a very low impact on the economy over their first few years. 

Additionally, he found that entrant’s survival rates were fairly low, resulting in a very positive 

correlation between entry and exit rates. Dunne, Roberts and Samuelson [1988] found the same 

correlation between entry and exit rates but also found evidence that firm size also had a role to play 

in increasing its chances of survival. 

Many more empirical studies follow this trend, stating that a firm’s size has a positive effect on a 

firm’s survivability. Evans [1987a, b], by crossing data from the size, age and growth of firms provided 

some more empirical evidence to sustain this idea, by showing a positive relationship between survival 

and, not only size, but also with the age of a firm. Audretsch [1991] found that in industries where 

scale economies take an important role it would be only natural that smaller firms were faced with a 

higher risk of leaving the market.  

Mata and Portugal [1994] observed that, the size of a firm is important in the matter of survival, and 

for firms that have been on the market for a short period of time, that startup size was very relevant, 

with a higher startup size providing a higher likelihood of survival. This study is particularly interesting 

for our project because the authors focus on the Portuguese economy, like we do. 

The findings by Mata and Portugal were similar to the ones by Agarwal and Audretsch [2001] who 

compared the early survival of firms with different startup sizes. They found that firms that began their 

activity with a larger size were more likely to stay on the market, even when controlling for the 

market’s life cycle stages (formative and mature) and level of technology (low, medium and high). 

So, is a firm destined to fail due to its decision to enter the market with small size? According to the 

studies above, the most immediate answer would be yes, but there are many other decisive factors 

that must be taken into consideration. For instance, if a firm increases its size it could mitigate the size 

disadvantage that the firm originally had, possibly enabling it to remain in the market. 

Gibrat [1931] was one of the first scholars to attempt to provide a widely accepted relationship 

between firm size and growth. His findings had such an acceptance by the scientific community that it 

became known as Gibrat’s law, which stated that a firm’s growth was completely independent of its 

size. For a very long time, this law was firmly accepted, until a number of empirical studies appeared, 

such as those by Evans [1987a,b] suggesting that smaller firms had a much higher propensity to grow, 
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in an attempt to achieve higher levels of efficiency in economies of scales, while large firms were less 

likely to try to expand and grow. Evans also found that firms that grew would also display a higher 

likelihood of survival. Sutton [1997], on the other hand, explained how this law could be so easily 

refuted when confronted with the empirical results.  

This relationship between growth and survival was laid out as the noisy selection theory by 

Jovanovic [1982]. Jovanovic’s model proposes that firms would enter the market at a suboptimal 

scale, not entirely aware of their true potential. When firms began to understand if their true potential 

would be above or below a certain level they would grow or decline, resulting in the survival of efficient 

firms and the “death” of inefficient ones. Phillips and Kirchhoff [1989] found empirical evidence in 

agreement with the noisy selection theory, going as far as showing that even firms that went through 

small growth rates had much higher survival rates than the ones that did not grow at all. In their study, 

over 50% of the companies that survived for eight or more years were the ones that grew, showing 

that there is a high correlation between this factor and firm survival. 

Evans [1987a] notably provides some insight regarding the survival of firms according to their age. 

Namely, firms that were able to remain in the market for longer periods of time had their likelihood of 

survival increase in a sizeable fashion. This can be explained by Jovanovic’s [1982] theory, once 

again, where companies actively learn how to be more efficient and to make more appropriate 

decision the longer they remain on the market.  

Agarwal and Gort [2002] found more evidence regarding the effect of age on firm survival and 

related it to Jovanovic’s model. Their work was based on the firm’s initial endowments, which had a 

crucial importance on early survival, and on the process of learning that each company had 

throughout their time on the market. Firms were able to “learn by doing” and to use these lessons to 

improve not only in terms of cost reductions, but also by better acknowledging their initial endowments 

and how to use these endowments to the firm’s advantage. As time passes, the importance of these 

endowments in a firm’s success and survival lowers, resulting in a firm’s need to add additional 

endowments either by investing in assets that would improve their activity, or through research and 

development investments which may or may not yield positive outcomes for the firm. 

 

2.2. Innovation  

Following Agarwal and Gort [2002], we now investigate the way innovation may affect the survival 

of firms. The role of innovation has always been important to the growth and productivity of 

companies. Baumol [2002] endorsed that innovation has become an essential part of a company’s 

activity, even replacing the price factor as the final customer’s most regarded decision factor. In fact, 

when faced with the competitive pressure, firms are forced to offer “create, seek out and promote 

innovation”, in order to stand out from their competition.  

Lazonick [2004] develops this topic even further by stating that, in a national market, the economic 

development and, consequentially, the survivability of a firm is highly dependent on its ability to 

innovate by offering goods or services that provide a higher quality at a lower cost. 
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Cefis and Marsili [2005, 2006], concluded that investing in innovation allowed companies to have 

an overall 11% increase in their likelihood of survival and that this effect was particularly noticeable on 

smaller and younger firms, with an age between two and three and half years old. 

Naidoo [2010] found that companies who developed a sustained competitive advantage had a 

greater likelihood to survive. This study on the Chinese manufacturing industry brought to light that 

this advantage was obtained through marketing innovation which is, according to Butler [1988] one of 

the greatest drivers of performance. Butler’s works also points to the importance of innovation, 

specifically in the aircraft industry, regarding its benefits in productivity, increasing revenues and 

reducing profit penalties, which gives even more support to the idea that innovation is, in fact, a fairly 

important success factor in a firm’s performance and, consequentially, its survival. 

 

2.3. International Trade  

The decision of a firm to enter different markets may also have some relevance to the study of its 

survival. Wagner [2012] made an important contribution to this topic by summarizing some of the most 

relevant findings.  Notably, the willingness of a firm to establish itself on the international market can 

be particularly interesting to study, since these firms have not only a wider array of potential 

customers, which could lead to additional growth, but also, by having different clients in different 

countries, these firms may be more protected to possible demand shock that might take place in the 

country of origin – a sort of diversification of risk (Wagner [2012]). 

As mentioned, Wagner [2012] stated that exporting to international markets is a way to diversify 

risk, allowing firms to withstand demand shocks in the domestic market, which, otherwise, could force 

a company to abandon the market. Baldwin and Yan [2011] go further, stating that non-exporters are 

typically less efficient than exporting companies, which, as Jovanovic [1982] theory states, results in a 

higher likelihood of exiting the market. A good example of a successful Portuguese company in this 

industry is Luís Simões Logística Integrada, S.A. which focuses on transportations and logistic 

solutions. For the last two decades, they have been extending their reach from the domestic market to 

the Iberian one, allowing them to increase their potential customers and thriving in a fairly competitive 

market. 

Not only is the destination of the products and services provided important, but it is also important 

to be mindful about the firm’s decision to import the resources needed to perform their activities or to 

become intermediaries for certain products. A good example of intermediary firms is the pipeline 

companies, namely REN – Gasodutos, S.A, whose core activity is to import natural gas on the 

Portuguese border with Spain, thus, importing their product, and, afterwards, store it on its units or 

distribute it to the final sellers. Gibson and Graciano [2011], highlight the importance of imported 

goods, stating that firms who import appear to be more capable of surviving than their non-importing 

counterparts, due to the resources’ price variation and the technology embodied in them. There is also 

empirical evidence, by Vogel and Wagner [2010], that companies who operate in the international 
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market are, often times more productive that the companies who operate solely on the domestic 

market and, again, according to Jovanovic [1982] this increases their likelihood of survival. 

Finally, a note regarding the companies that operate as two-way traders, the advantages described 

above for both importers and exporters are present, which, makes them more likely to achieve higher 

productivity and efficiency levels and, consequentially, to survive and remain of the market for longer 

periods of time (Vogel and Wagner [2010]). 

 

2.4. Competitive Environment 

We should also note that it is not just the company’s decisions that will affect their chances of 

survival. Not only does the variability of consumer’s demand affect the likelihood of survival, but also 

the industry’s competitive environment facing each firm will play an important role in this. 

The market is highly influenced by the competition of all the firms in it and different firms respond 

differently to more competitive markets. One way to characterize an industry’s competitiveness is to 

analyze its concentration, where a low concentration indicates a highly competitive environment, 

where there are many small companies on the market, and a high concentration is a sign that there 

are a few big companies that control the market and compete between themselves, leaving fewer 

space for the new and smaller entrants. 

According to Weiss [1976], in highly concentrated industries, firms are able to enter at a suboptimal 

scale, allowing for better chances at early survival. Carroll [1985], took a sociological analysis 

perspective, and went further on this matter by stating that small and specialist firms are, surprisingly, 

more able to adapt to highly concentrated markets than their generalist counterparts. This was later 

explained, on a more recent study by Agarwal, Sarkar and Echambadi [2002], who state that specialist 

firms have an innate ability to find market niches and, given their reduced size, thrive in these subsets 

of markets.  

However, Kaniovski and Peneder [2008] found that higher levels of market concentration, using the 

Herfindahl-Hirschman index, also had a negative effect on firm duration and, therefore, its survival. 

This effect was explained by Bunch and Smiley’s [1992] finding that in highly concentrated markets, 

older firms tend to deter new entrants in many different ways, like product loyalty or patent 

preemption, which eventually makes the new entrants exit the market. Yet, according to Geroski, Mata 

and Portugal [2010], if a firm is able to survive these aggressive tactics and establish itself on the 

market, it may be accepted into the “club” of incumbents and, thus, be more protected from the hazard 

of exit.  

To summarize, the literature appears to be split, regarding the effects of the market concentration. 

Weiss [1976] and Agarwal, Sarkar and Echambadi [2002] support the notion that highly concentrated 

markets are an opportunity for new entrants, Kaniovski and Peneder [2008] and Bunch and Smiley 

[1992] found that large firms will stop new entrants from succeeding in these markets. López-García 

and Puente [2006] on the other hand, found that in the services industry, market concentration had 



19 

 

little to no influence on the survival of firms, which may be an indicator that this factor is, in fact, not 

highly influential on firm survival, again showing mixed evidence on the matter. 

Having gathered this knowledge we are now on a good position to look at our firm population and 

understand which characteristics that would, theoretically, influence the survival of firms. 
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3. The Data 

Our analysis is based on data on the Integrated Business Account System (SCIE - Sistema de 

Contas Integradas das Empresas). This dataset is created by the Portuguese National Institute of 

Statistics – INE (Instituto Nacional de Estatística) through a survey to all the companies present in the 

national market from 2008 to 2014.  

The main goal of this system is to provide a detailed view of the national business fabric and 

evaluate its evolution throughout the years. Various firm-level variables are collected through the 

survey, making it possible to analyze the structure of each sector in the country. 

3.1. Scope of analysis 

This study focuses on the firms operating in the sector of Transportation and Storage. In this 

dataset, the division of firms by sector is shown by each firm’s code of Classification of Economical 

Activities (CAE - Classificação de Actividades Económicas). The code is the same as the classification 

of economic activities of the European Union – NACE Rev. 2 (from the French: “Nomenclature 

générale des Activités économiques dans les Communautés Européennes”).  

  The code is given to a firm according to its business activity or service provided and in this study 

the section to be analyzed is the greater part of Section H – Transportation and Storage, 

specifically Divisions 49, 50, 51 and 52. Table 1 presents a description of each division. 

Section H – Transportation and Storage 

Division Description 

49 Land transport and transport via pipelines 

50 Water transport 

51 Air transport 

52 Warehousing and support activities for transportation 

Table 1 - Divisions according to the structure of NACE Rev. 2 - Section H 

Each division is, then, organized in groups and classes which go further in detail of each 

company’s activity. Due to the nature of the dataset, only the divisions 51 and 52 are organized in their 

respective classes. 

Within the Transports divisions (49, 50 and 51), there is also the distinction between what is being 

transported – people or goods – or even, in the case of water transports, there is a separation 

between sea and inland waters transportation.  

The last division, Warehousing, is organized in traditional warehousing and the support activities 

for each type of transportation mentioned above (land, water and air). 
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3.2. The Transportation and Storage Sector 

In this section we go into some detail regarding the importance of this sector in the whole economic 

activity in Portugal. The most commonly used indicators are the total number of firms active in the 

market, the total number of employees working in them and the total revenue of the sector.  

The values displayed by the SCIE in 2014, the last year of this analysis, regarding the whole firm 

population in Portugal indicate that a total of 1.127.317 firms operated in the market with 3.445.226 

employees, generating a total revenue of 322.637 million euros. The Transportation and Storage 

sectors have on record a total of 21.451 firms in the same year, which is just below 2% of the total 

number or firms, employing a total of 136.509 workers which represents almost 4% of the total 

workforce registered in the SCIE. Regarding revenue, these sectors generated a total of 16.900 million 

euros, which represents a little over 5% of the total revenue registered in the SCIE.  

The yearly values for these variables on the whole section are displayed in Table 2 below. 

Year Number of firms Revenue (million €) Number of employees 

2008 25 689 16 800 144 691 

2009 24 779 15 300 143 387 

2010 23 839 16 700 143 588 

2011 23 370 17 100 141 974 

2012 22 458 16 700 134 936 

2013 21 964 16 600 133 147 

2014 21 451 16 900 136 509 

Table 2 - Main indicators for Section H – Transportation and Storage industry 

 

As we can see from Table 3, the majority of the firms operate in the Land Transports and 

Transports via Pipeline sector, though, these firms have a much lower percentage revenues than firms 

in the other sectors, with the biggest discrepancy being noticed in Air Transport, since these display 

similar values of revenue and a much lower number of active firms. The percentage of employees in 

Warehousing and Support Activities for Transportation is also higher than what is to expect from the 

number of firms, which indicates that firms in this sector will typically have a larger workforce than their 

counterparts. Finally, a note regarding the Water Transport firms, these firms are really small in 

number but they do not possess the relevance that Air Transport firms have in terms of revenue 

generated nor the percentage of employees at their disposal, making it seem this division is not as 

relevant to the analysis as the others. 
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Year 
Division 49 – Land Transport 

and Transport via Pipeline 
Division 50 – Water Transport Division 51 – Air Transport 

Division 52 – Warehousing and Support 

Activities for Transportation 

 

Firms Revenue Employees Firms Revenue Employees Firms Revenue Employees Firms Revenue Employees 

2008 90.4% 38.6% 71.4% 0.8% 2.5% 0.9% 0.3% 21.1% 7.2% 8.5% 37.6% 20.4% 

2009 89.9% 39.0% 71.0% 0.8% 2.1% 0.9% 0.3% 20.7% 7.5% 8.9% 38.2% 20.6% 

2010 89.5% 37.8% 71.0% 0.8% 1.8% 0.9% 0.3% 21.0% 7.6% 9.3% 39.6% 20.6% 

2011 88.8% 37.4% 71.1% 0.9% 1.9% 0.9% 0.3% 21.3% 7.6% 10.0% 39.3% 20.4% 

2012 88.6% 36.6% 70.2% 1.0% 1.9% 0.9% 0.3% 22.7% 7.9% 10.1% 38.8% 21.0% 

2013 88.2% 36.9% 69.7% 1.0% 2.1% 0.9% 0.3% 23.6% 8.0% 10.4% 37.7% 21.4% 

2014 87.9% 37.6% 69.0% 1.1% 1.5% 1.3% 0.3% 23.3% 8.0% 10.6% 36.3% 21.7% 

Table 3 - Main Indicators for the different divisions
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Finally, we present some statistics regarding the firms in the dataset. Being survival and duration of 

firms the main topic of discussion of this, Table 4 displays the average duration of the firms in the 

dataset, as well as the means of other relevant variables. In Table 4 we also cross said duration with 

some characteristics of firms that may be interesting to study. 

 

  Mean Std. Dev. 

Age (years) 3.896 3.232 

Startup size (employees at the time of entry) 1.567 2.702 

Firm size (number of employees) 2.423 8.058 

Firms investing in innovation (binary) 0.060 0.237 

Importing firms (binary) 0.132 0.339 

Exporting firms (binary) 0.179 0.383 

Revenue (M€) 1.33
 

34.6
 

Importations (M€) 1.56
 

6.03
 

Exportations (M€) 0.479
 

22.3
 

Investment in innovation (€) 7 070
 

600 000
 

Age: National firms (years) 3.674 3.220 

Age: Importing firms (years) 4.666 3.129 

Age: Exporting firms (years) 4.521 3.073 

Age: Two-way trading firms (years) 4.967 3.150 

Age: Non-Investing firms (years) 3.866 3.245 

Age: Investing firms (years) 4.372 2.603 

Observations (number of firms) 23 302  

Failures (number of firms) 2 377  

Table 4 - Summary statistic of the sample 

From Table 4 it is possible to say that the findings of previous authors are true in our sample. We 

see that investing firms have a longer duration than the non-investing ones at the mean, this is also 

true for importing, exporting and two-way trading firms. While this is an important indicator it is not yet 

conclusive to our study.  

We should also note that the number of importers, exporter and innovators is rather low in 

percentage, as we can see from the binary variables on Table 4. From the figures, we know that, on 

average, firms do not survive for more than four years and that they tend to increase the number of 

employees, as we can see from the startup and current firm size values. This may indicate that firms 

enter the market below their output potential and, as time passes, the firms increase their workforce to 

achieve their capabilities. 

With this information from our data in mind, we are now able to formulate hypotheses in order to 

attempt to discover which factors influence firm survival.  
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4. Hypotheses  

Given the literature review, we will now give appropriate focus to the reasons that may explain why 

companies fail. Having the survival and duration of firms as the focal point of this study, it is only 

natural that one of the possible explanations considered is the time each firm is able to remain on the 

market. 

 

H1. Firms present in the market for longer periods of time have a lower hazard of exit. 

Upon entrance on the market, firms are expected to have a higher likelihood of failure and are 

more prone to exiting the market. This hypothesis, based on the work of many previous authors such 

as Evans [1987a], on a first look appears to be in agreement with the data set of firms in the industry, 

according to Table 5. 

Time on the 

market 

(Years) 

Indicator of Survival  
 

Survives Proportion Does not Survive Proportion Total Proportion 

1 2 862 87% 436 13% 3 298 14% 

2 2 685 89% 332 11% 3 017 13% 

3 2 687 90% 295 10% 2 982 13% 

4 2 658 90% 306 10% 2 964 13% 

5 2 578 90% 288 10% 2 866 12% 

6 2 677 90% 295 10% 2 972 13% 

7 2 012 91% 191 9% 2 203 9% 

8 1 404 92% 120 8% 1 524 7% 

9 895 93% 72 7% 967 4% 

10 467 92% 42 8% 509 2% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 5 - Firm survival according to time on the market 

 

From the figures on Table 5 we can tell, on a first analysis, that there is a slightly higher propensity 

for firms to exit the market when they have spent a lower amount of time in it. There are many 

explanations to this, some were laid out by Agarwal and Gort [2002] such as more efficiency on the 

usage of resources due to hands-on experience or the acquired ability to make better managerial.  
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H2. Firms with a higher startup size have a lower hazard of exit. 

The survival of a firm and the correlation with its startup size has been thoroughly studied, namely 

by Mata and Portugal [1994] who found that in the early years, firms with a low startup size were far 

less survivable that the ones with a higher startup size. Agarwal and Audretsch [2001] came to the 

same conclusion when comparing the survivability of firms with a lower versus a higher startup size. 

As we can see in Table 6, the vast majority of firms enter the market with only one worker and those 

are the ones who display the lowest likelihood of survival. For the remaining startup sizes, there is no 

observable relationship between the size and the firm’s survivability on a first analysis but further work 

will be done to test this hypothesis.  

 

Startup Size 

(Number of 

employees) 

Indicator of Survival   

Survives Proportion Does not Survive Proportion Total Proportion 

1 13 866 89% 1668 11% 15 534 67% 

2 to 5 5 972 91% 609 9% 6 581 28% 

More than 5 1 087 92% 100 8% 1 187 5% 

Total 20 925 90% 2377 10% 23 302 100% 

Table 6 - Firm survival according to startup size 

 

H3.  Larger firms have a lower hazard of exit. 

This hypothesis is similar to the previous one but, instead of accounting to the firm’s size when it is 

founded, it takes into account the firm’s size at any given time. The size of a firm is different of the 

startup size, since it displays the moment of a firm instead of its situation upon entrance on the 

market.  

Evans [1987a] provides some theoretical ground regarding the influence of this variable on firm 

survival, stating that larger firms are more likely to remain on the market. Table 7 displays the survival 

of firms in our dataset related to their size in terms of employees showing, like in the previous 

hypothesis, a considerable disparity in terms of number of firms with only one employee and all the 

others. In this case, we can see a slight increase in the likelihood of survival when the number of 

employees is higher, which was not the case when we considered the startup size. 
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Number of 

Employees 

Indicator of Survival 

Total Proportion Survives Proportion Does not survive Proportion 

1 8 901 85% 1557 15% 10 458 45% 

2 to 5 8 606 93% 651 7% 9 257 40% 

More than 5 3 418 95% 169 5% 3 587 15% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 7 - Firm survival according to size 

 

H4. Firms that grow have a lower hazard of exit 

The growth of a firm is indicative of its success on the market, therefore, according to the theory of 

Jovanovic [1982] it is expected that firms who are able to increase their number of employees are 

more likely survive and the ones who shrink will, eventually, fail.  

On the other hand, firms that discover that they have more manpower than the required may be 

able to quickly adapt themselves and reduce their numbers and thrive. This argument is also 

contemplated in Jovanovic’s theory, where firms learn about their true potential and adapt themselves 

to the market. On a first look the variation of the staff will be considered to define growth, where a firm 

that shrinks is a firm that reduced their number of employees, a firm that his stable is a firm that 

remained with the same number of employees and a firm that grows is a firm that increases their 

number of workers.  

 

Growth 
Indicator of Survival 

Total Proportion Survives Proportion Does not Survive Proportion 

Shrinks 1 969 84% 364 16% 2 333 10% 

Stable 9 623 86% 1 506 14% 11 129 48% 

Grows 9 333 95% 507 5% 9 840 42% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 8 - Firm survival according to growth 

 

As we can see from Table 8, firms that grow tend to have higher survival than the others, while 

firms that shrink their number of employees appear to be the least survival. 
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H5. Firms that innovate have a lower hazard of exit. 

Innovation is an important part of an industry; therefore, it is only natural that firms with the capacity 

to use new methods and technologies to provide their services are more successful than others. 

Taking into account the investment of these firms on new technology and/or patents and comparing it 

to the firm’s survival may provide a good overview of this hypothesis. 

In Table 9 we define investing firms as firms who invest in new technologies and patents. We can 

see that, surprisingly, it appears that the innovative firms have a lower likelihood of survival. One 

possible explanation to this fact is that firms that invest are taking higher risks, by applying their 

income in new and slightly unknown technologies, which may not be as effective as the ones already 

available. Another possible explanation is that the number of investing firms is rather low and may not 

be a big enough sample to draw conclusions. 

 

Investment in 

technology and 

patents 

Indicator of Survival   

Survives Proportion Does not Survive Proportion Total Proportion 

Does not invest 20 325 91% 2 104 9% 22 429 96% 

Invests 600 69% 273 31% 873 4% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 9 - Firm survival according to innovation decision 

 

H6. Exporters have a lower hazard of exit. 

Not only have importing firms been found to have a lower hazard of exit but their exporting 

counterparts also tend to have a better performance on the market in terms of survival due to their 

ability to cope with demand shocks on the national market (Wagner 2012). 

In Table 10 we take a first look on the effect the decision of exporting, which means selling goods 

or services to the foreign markets, has on the survival of firms and we can see that, just like the 

decision to import, it seems to have a positive effect on survival. 

Decision to 

export 

Indicator of Survival 

Total Proportion Survives Proportion Does not survive Proportion 

Does not export 15 025 88% 2 001 12% 17 026 73% 

Exports 5 900 94% 376 6% 6 276 27% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 10 - Firm survival according to decision to export 
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H7. Importers have a lower hazard of exit. 

As stated in the literature review, firms that operate in the foreign market are more likely to survive 

than firms who operate exclusively on the national market. Regarding importations, Gibson and 

Graciano [2011] stated that firms who import have a higher likelihood of survival. 

Table 11 provides us some information on this matter, showing how many of the firms acquire 

goods or services from foreign countries and how that affects their survival. The values are in 

agreement with the previous empirical studies, where the firms that make the decision to import 

appear to have higher survival rates than others, despite being a fairly small minority. 

Decision to import 
Indicator of Survival 

Total Proportion Survives Proportion Does not survive Proportion 

Does not import 16 928 89% 2 167 11% 19 095 82% 

Imports 3 997 95% 210 5% 4 207 18% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 11 - Firm survival according to decision to import 

 

H8. Firms who engage in both exporting and importing have a lower hazard of exit. 

After looking at both importers and exporters separately it is interesting to uncover the influence 

that these have when a firm works with both importation and exportation. Vogel and Wagner [2010] 

found that firms who make the decision to operate in the two-way international market have a higher 

likelihood to remain in activity due to this decision, as shown on the figures of Table 12. 

 

Decision to export 

and import 

Indicator of Survival   

Survives Proportion Does not survive Proportion Total Proportion 

No 17 741 89% 2 208 11% 19 949 86% 

Yes 3 184 95% 169 5% 3 353 14% 

Total 20 925 90% 2 377 10% 23 302 100% 

Table 12 - Firm survival according to decision to import and export 
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H9. In industries with higher concentration the hazard of exit is lower. 

As stated previously, an industry with a high level of competitively poses a higher threat for new 

entrants to survive on the market. Concentration, measured by the Herfindahl-Hirschman Index (HHI) 

is a good measure to show us how competitive is an industry. It is expected that firms operating in a 

highly competitive environment are more exposed to the hazard of exit (Kaniovski and Peneder 2008).  

The Herfindahl-Hirschman Index is calculated using the market share of each firm on a given 

sector, according to the following formula: 

 𝐻𝐻𝐼 = ∑ 𝑞𝑖
2 (1) 

 

Where qi is the market share of each firm and HHI is the Herfindahl-Hirschman Index.  

Table 13 provides the national levels of concentration for each Division (or Sector) and the survival 

of firms for each.  

Division 

Indicator of Survival 

Total Proportion HHI Survives Proportion Does not survive Proportion 

49 0.003 17 809 90% 1 925 10% 19 734 85% 

50 0.130 256 91% 26 9% 282 1% 

51 0.393 141 93% 11 7% 152 1% 

52 0.022 2 719 87% 415 13% 3 134 13% 

Total  20925 90% 2377 10% 23 302  

Table 13 - Firm survival according to the average HHI of each division 

From a first analysis of the values on Table 13 it is hard to find evidence that the level of industry 

concentration is related (either positively or negatively) to the survival of firms, since all there is a 

disparity in the percentage of surviving firms in the lower levels of concentration. It appears that in 

more concentrated markets, like divisions 50 and 51, firms are more survival but the opposite cannot 

be said with respect to the least concentrated markets.  

Having defined our hypotheses we will now explain how we will work with our data in order to test 

this them. The following chapter describes the model which will be used to obtain the answers we are 

looking to obtain in this work. 
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5. Model 

Provided the literature review, the dataset and the hypotheses formulated on the previous 

chapters, where many of the dynamics of a firm have been elaborated, and to give particular 

emphasis to the survival of firms in the Portuguese transportation and storage industries on the first 

decades of the 21
st
 century, an econometric model will be used, in order to estimate the exit hazard 

rate of a company. 

To the elaboration of this chapter, we used Jenkins’ [2005] great contribution as a source to the 

model described. 

The model will account for the main characteristics of a firm, which were laid out on the literature 

review, and, based on the historical data provided by the database, will help to shed some light on the 

reasons why companies fail and what are some good measures to lower their hazard of exit rate and 

enhance their chances of survival. 

For this kind of analysis and appropriate econometric model must take into account the probability 

of a firm leaving the market at any given time, provided, not only its own characteristics, but also the 

environmental ones. 

Thus, a model that is suited to this work and that is able to assess the probability of failure of a firm 

in any given time is the proportional hazards model. This model considers the duration of all the firms 

in the dataset and returns the hazard function λ(t) which is represented by: 

   

𝜆(𝑡) = lim
𝛥𝑡→0+

𝑃(𝑡 ≤ 𝑇 ≤ 𝑡 + ∆𝑡 |𝑇 ≥ 𝑡)

∆𝑡
=  

𝑓(𝑡)

𝑆(𝑡)
 

 

(2) 

In this equation T represents a firm’s life duration, while f(t) is the probability density function and 

S(t) is the survival function, which is the opposite of the failure function, F(t), given by: 

 𝑆(𝑡) = 1 − 𝐹(𝑡) = 𝑃(𝑇 > 𝑡) (3) 

 

In other words, the hazard function represents the probability of a firm’s failure at any given time. 

These equations are pretty clear regarding their dependence on time. In the case of firm survival, 

typically firms tend to display a higher likelihood of survival the longer they remain on the market, 

which points to the idea that the hazard of exit would decrease the longer a firm is alive — negative 

duration dependence. 

Knowing this, we can present our proportional hazard model by separating the variables that are 

time dependent from the independent ones, resulting in the following equation: 
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ln 𝜆(𝑡) = ln 𝜆0(𝑡) + 𝑋𝛽 (4) 

Where 𝜆0(𝑡) is the baseline hazard function and represents the dependence on duration that is 

expected to be the same throughout the whole dataset, X represents a vector of the specific 

characteristics of each firm — in other words, the value a firm has in each of the variables 

independent from time — and 𝛽 is the vector of estimated parameters that indicates how much the 

values of X influence the final result of the hazard function. 

It is clear that, while X appears to have an additive effect on equation (4), we should bear in mind 

that due to the logarithmic nature of this equation, a variation on each variable will produce a 

proportional effect on the baseline hazard rate, meaning that each variable has, in fact, a multiplicative 

effect on the overall hazard rate — hence the name “proportional hazards model”. 

To fit our survival model there are three main approaches, which are the parametric approach, the 

semi-parametric approach and the non-parametric approach. 

The parametric approach requires that we make an assumption on the shape of the baseline 

hazard, but allows for the estimation of the parameters of the covariates. It includes procedures that 

require a specific form for the baseline hazard, which means that if the form of the baseline hazard 

function is not properly chosen it will lead to unstable and unreliable estimation results. This approach 

is often used in models based on the Weibull, exponential and gamma distributions. 

The semi-parametric approach enables the estimation of the vector 𝛽 without the need for any 

assumptions regarding the baseline hazard function and was proposed by Cox [1972]. In this 

approach 𝜆0(𝑡) can be computed with the coefficients 𝛽, leaving the baseline hazard unspecified. 

The non-parametric approach allows us to make no assumptions regarding the shape of the 

baseline hazard but it does not allow the estimation of the effects of the covariates on the survival of 

firms. 

With this said, the use of a parametric approach provides the most efficient way of estimation. To 

use this approach on our model we have to define a distribution where it is possible to take the 

duration into account. 

Therefore, we chose a parametric continuous time duration model, with the baseline hazard 

function being modeled as a piecewise-constant exponential. We subdivide time into intervals where 

we assume the baseline hazard is constant, namely, each year represents one interval where our 

baseline hazard is assumed constant. There is the possibility that the baseline hazard is not properly 

specified, but Dolton and von der Klaauw [1995] found that flexible modeling addresses this issue. 
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6. Results 

In this section we present the results obtained from our analysis and discuss the findings regarding 

the literature review and the hypotheses of the previous sections. In order to test the several 

hypotheses it was required that we used several models, which included different combinations of the 

variables. The results are presented in the form of average marginal effects, which allow for an easy 

interpretation of the effects on the hazard rate. The marginal effects can be interpreted as the change 

in the hazard rate in terms of percentage points. A positive marginal effect increasing xi is associated 

with a higher hazard rate, which translates into a higher risk and, thus, decreasing the firm’s survival 

time, whereas a negative marginal effect is associated with a lower hazard rate, lower risk and higher 

survival times. 

Table 14 includes the six models in our analysis. All the models include the age, the decision to 

import, export and an interaction term between importing and exporting, the market concentration and 

a ratio of which percentage of a firm’s results is used in investments in new technology or innovation.
1
 

The difference between the models is the use of current size or startup size. In Model 1 we are 

analysing, specifically, the effect of the startup size measured in categories. Model 2 is similar to the 

former but instead of the startup size in analyses the firm size, whereas Model 3 mixes the previous 

models having both the startup and the current firm size. Mixing these two, apparently, similar 

variables in the same model was done in an attempt to understand which of the two was the most 

relevant factor in firm survival: startup or current firm size. Models 4, 5 and 6 include the same 

variables but we use the logarithm of the firm’s size and its startup size, which allows us to understand 

the impact of a 1% increase or decrease in these sizes. Again, Models 4 and 5 include the startup and 

current sizes, respectively and Model 6 includes the startup size and current size. All the models 

include 7,032 subjects and 23,302 observations, which results in a total number of failures (number of 

firms exiting the market) of 2,377 and a total time at risk of 23,561 years. 

The estimations below show us that, firms present lower marginal effects the older they get, 

suggesting that once a firm is established on the market, is sees its chances of survival increase, 

possibly due to the know-how and experienced acquired in their years of activity. This is a common 

trend on all six models, indicating that Hypothesis 1 is most likely confirmed.  

 

  

                                                      
1
 Note that, because we are presenting marginal effects, a marginal effect for the interaction term cannot be computed directly 

even though the models are estimated with an interaction term. For this reason, we compute the average marginal effects of 
importing across both groups of exporting and non-exporting, as well as the marginal effect of export over the groups defined by 
the decision to import. We present the marginal effects that relate to the interaction term in Table 15. 
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Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 

Age: 2 years -0.022** -0.015* -0.016* -0.021** -0.016* -0.016** 

 

(0.009) (0.008) (0.008) (0.009) (0.008) (0.008) 

Age: 3 years -0.030*** -0.022*** -0.024*** -0.030*** -0.023*** -0.024*** 

 

(0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Age: 4 years -0.026*** -0.017** -0.019** -0.026*** -0.017** -0.019** 

 

(0.009) (0.008) (0.008) (0.009) (0.008) (0.008) 

Age: 5 years -0.029*** -0.018** -0.019** -0.029*** -0.018** -0.019** 

 

(0.009) (0.008) (0.008) (0.009) (0.008) (0.008) 

Age: 6 years -0.029*** -0.018** -0.020** -0.029*** -0.019** -0.020** 

 

(0.008) (0.008) (0.008) (0.008) (0.008) (0.008) 

Age: 7 years -0.043*** -0.032*** -0.032*** -0.043*** -0.032*** -0.033*** 

 

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) 

Age: 8 years -0.052*** -0.041*** -0.041*** -0.052*** -0.041*** -0.041*** 

 

(0.009) (0.009) (0.009) (0.009) (0.009) (0.009) 

Age: 9 years -0.058*** -0.046*** -0.047*** -0.058*** -0.046*** -0.047*** 

 

(0.011) (0.011) (0.011) (0.011) (0.011) (0.011) 

Age: 10 years -0.051*** -0.042*** -0.044*** -0.052*** -0.042*** -0.043*** 

 

(0.014) (0.013) (0.013) (0.014) (0.014) (0.014) 

Startup size: 2 to 

5 employees 

-0.008*  0.025***  

  (0.005)  (0.007)  

  Startup size: 6 or 

more employees 

-0.008 

 

0.063***  

  (0.010) 

 

(0.017)  

  Firm size: 2 to 5 

employees  

-0.066*** -0.076***  

  

 

(0.005) (0.005)  

  Firm size: 6 or 

more employees  

-0.083*** -0.099***  

  

 

(0.006) (0.006)  

  Log of startup 

size    

-0.006 

 

0.030*** 

   

(0.004)  (0.004) 

Log of firm size 

    

-0.048*** -0.059*** 

     

(0.003) (0.004) 

Investment ratio -0.011 -0.006 -0.002 -0.013 -0.013 -0.004 

 

(0.385) (0.462) (0.455) (0.380) (0.465) (0.453) 

Decision to 

Export 

-0.039*** -0.025*** -0.025*** -0.039*** -0.026*** -0.026*** 

(0.005) (0.006) (0.005) (0.005) (0.005) (0.005) 

Decision to 

Import 

-0.058*** -0.050*** -0.050*** -0.058*** -0.048*** -0.048*** 

(0.006) (0.007) (0.007) (0.006) (0.007) (0.007) 

Market 

concentration 

0.027 -0.0003 -0.003 0.031 0.026 0.020
 

(0.063) (0.064) (0.064) (0.063) (0.063) (0.063) 

Log-likelihood -4843.105 -4705.781 -4688.741 -4843.537 -4718.685 -4694.370 

p-value 0.000 0.000 0.000 0.000 0.000 0.000 

Number of firms 7 032 7 032 7 032 7 032 7 032 7 032 

Number of 

observations 
23 302 23 302 23 302 23 302 23 302 23 302 

Table 14 - Marginal effects for the exponential model 

Note: All models control for year, region and sector. For the categorical variables the base value is not displayed 
(age=1, startup size=1, firm size=1, non-exporting and non-importing firms). The standard error for each marginal 
effect is displayed below in brackets.  

*significant at 10%; **significant at 5%; ***significant at 1%.  
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In what concerns the startup size we obtained different results: on one hand, when the marginal 

effects are estimated along with the current firm size (Models 3 and 6) a higher startup size results in a 

higher marginal effect. On the other hand, when evaluated by itself, an increase in the startup size 

appears to result in a lower marginal effect (Models 1 and 4). We should note that this variable, when 

modelled on its own, (Models 1 and 4) is not very significant to our analysis, except for one value, 

which makes the results not very reliable, concerning the startup size. Taking all this into account, 

these values, both in the categorical and logarithmic variables, point to the conclusion that a higher 

startup size increases the marginal effect and, thus, decreasing the firm survival time, which goes in 

the opposite direction of what is stated in Hypothesis 2. This contradiction from what is stated on the 

literature can be a consequence of the risk involved in opening a firm with a higher number of 

employees, which results in higher operating costs that a firm may not be able to sustain.   

 Regarding the firm size the estimation’s results are similar throughout the various models where 

the variable is included, displaying a strong trend that the higher the firm size, the lower the marginal 

effect, with a significant reduction of the hazard rate in firms with 2 to 5 employees when compared to 

the single employee counterparts. These values strongly suggest that larger firms are indeed more 

likely to survive than small ones, confirming Hypothesis 3.  

In all models we investigate how the decision to work in the international market affects the survival 

of firms. Taking into account the different scenarios described by the models, we can draw the 

conclusion that exporting firms have a higher likelihood of survival, with a negative value of the 

marginal effect, confirming Hypothesis 6. Regarding importing firms, the marginal effect is even 

greater (in absolute terms), which indicates that importing firms are also more prone to survival, in 

alignment with Hypothesis 7. 

Due to the nature of the data, the variables of Investment Ratio and Market Concentration were not 

relevant to the analysis as shown by the statistically insignificant marginal effects. Even so, the results 

obtained in both the variables are close to 0, providing the idea that both these variables are not 

relevant to the survival of firms in the transportation industry, once we account for the other factors, 

thus, we cannot confirm neither Hypothesis 5 nor Hypothesis 9. 

Unfortunately, the models used do not contemplate the growth variable. This makes it impossible to 

draw any conclusion regarding Hypothesis 4 and leave us unable to confirm it in this work. 

In order to have a better insight on how the decision of the firms to operate on the foreign market 

affects their survival, we also analysed the marginal effect that the importation and exportation 

decisions would have in various scenarios. The idea behind this analysis was to isolate these 

variables from all the others to provide some insight upon the matter of firms who import and export, 

which was impossible in the previous analysis. 

In Table 15 we are able to see on the first two columns the marginal effects of the decision to 

export when a firm imports and on the two rightmost columns we see the very same effect with regard 

to the decision to import. 
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Marginal effect 

of Exporting  

Marginal effect 

of Importing 

Non Importing firms -0.033*** 

(0.006) 

Non Exporting firms -0.063*** 

(0.009) 

Importing firms 0.009 

(0.008) 

Exporting firms -0.014** 

(0.006) 

Table 15 - Marginal effect of the decisions to import and export 

 

When compared to firms that operate solely on the national market, we see that both importing and 

exporting negatively affect the hazard rate, resulting in a lower hazard of exit. The same cannot be 

said regarding firms that import and export. While the importation variable has a negative value on the 

marginal effect, as expected, the exportation variable has a positive marginal effect for importing firms, 

even though this value of the marginal effect is not statistically significant. It appears that the decision 

to import has a positive effect on firm survival any way we look at it. Concerning exportations, 

apparently there is not a definite answer to whether the decision to export may bring the firms more 

harm than good if, and only if, the decision to import has been already taken. These results do not 

allow for a definite conclusion but indicate that Hypothesis 8 is, at least, partially confirmed. 

Having analysed our results in the shape of marginal effect, we were able to confirm Hypotheses 1, 

3, 6, 7 and 8. The results also point to the idea that Hypothesis 2 was actually wrong. Finally, we for 

different reasons we were unable to properly evaluate Hypotheses 4, 5 and 9, leaving these up to 

confirmation for future investigation. 
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7. Conclusion 

This dissertation’s aim is to obtain the master’s degree in Industrial Engineering and Management, 

by applying the knowledge of firm dynamics and its role in survival to the transportation and storage 

industries. 

The literature review represented a solid theoretical background for the formulation of the 

hypotheses which were fundamental to the development of the models that led to the results obtained 

in the analysis. 

In the chapters that follow, we developed different specifications of our econometric model to, using 

the SCIE, test the hypotheses. Some of the results obtained are aligned with the hypotheses 

formulated, others are against the said hypotheses and there are even some hypotheses which were 

unable to be properly tested due to the nature of the data. 

 The analysis tells us that the most influential variables on firm survival are the age, size and the 

decision to operate on foreign markets, either through exportations or importations, all of these results 

are in agreement with the work of previous authors mentioned on the literature. The findings regarding 

these variables enabled us to confirm Hypotheses 1, 3, 6 7 and 8, which were laid out in Chapter 4. 

On the other hand, the results concerning the startup size of each firm have lead us to believe that 

this variable has a negative effect on firm survival, when the results were statistically significant, which 

was an unexpected value and goes against Hypothesis 2. However, the values were only significant 

on models where the influence of the firm size was also taken into account, which may have had an 

influence over these results. 

Regarding the market concentration and the decision of a firm to invest in new technologies the 

results obtained did not allow to draw any conclusions because, when controlling for all the other 

factors, the results were not statistically significant, which made the interpretation of these results 

rather dubious, thus, making it impossible to confirm the Hypotheses 5 and 9. 

Unfortunately, it was impossible to measure the influence of the firm growth and efficiency. The 

absence of these variables from the analysis is the result of an unsatisfying way to compute these 

variables into our model which represents a limitation of this work and made us unable to confirm 

Hypothesis 4. However, this opens ground to further investigation and future analysis on the topic of 

firm survival. 
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