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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. 
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Introduction 

The study of firm dynamics has been subject to 

a lot of interest from the scientific community. 

The need to understand how the 

characteristics of firms influence their 

performance, growth and survival has the focal 

point of their studies, mostly regarding the 

manufacturing industry. Since not all industries 

are the same, it is only natural that the specific 

dynamics of each industry will be different, 

making the study of the dynamics of these 
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dynamics an interesting topic. Such is the case 

of the transportation and storage industries, 

due to its importance to the manufacturing 

industry. Having this in mind, in this work we 

will study the different dynamics of the 

Portuguese transportation and storage 

industries by analysing their duration and 

survival. 

The need for transportation is as ancient as 

mankind itself and has been one the major 

drivers of technological development. Ever 

since wheel was invented, the innovation and 

development of new and improved forms of 

transportation has never stopped due to the 

constant need of faster and safer access to 

goods and places. 

Nowadays, the development of these 

industries has resulted in the appearance of 

new firms, looking to establish themselves on 

the market, creating a highly competitive 

environment and imposing obstacles to the 

smaller firms.  

The study of firm dynamics, in terms of entry 

and exit of firms from the market, is particularly 

interesting to understand what are the factor 

that influence the survival and growth of firms 

and also to understand if the industry is 

expanding, contracting or on steady state.  

Literature Review 

This topic has been thoroughly studied and 

many scholars have proposed different 

hypotheses in an attempt to explain what 

actions can be taken in order to maximize a 

firm’s chances of survival in the market.  

The first idea we obtain from the previous 

studies is that there is a great difference 

between a firm entering and penetrating the 

market. Geroski [1995] brought up this issue 

by comparing the percentage of the sales of 

new entrants with the other firms and 

concluded that the formers had a fairly low 

impact on the industry over their first few years 

of activity. Additionally, he found that the 

survival rates of new entrants was fairly low, 

which resulted in a very positive correlation 

between entries and exits.  

Other studies provide some deeper insight on 

this matter. Evans [1987a, b], found that, not 

only the age of a firm had a positive impact on 

its survival, but also the size of the firm would 

increase its chances. Audretsch [1991] 

highlighted the importance of scale economies 

on firm survival which would put the smaller 

firms at a higher risk of leaving the market. 

Mata and Portugal [1994] observed that, for 

firms that have been on the market for a 

shorter period, the startup size was also 

relevant for the firm’s survival, showing that a 

higher startup would increase the chances of 

survival. Agarwal and Audretsch [2001] found 

the same correlation in their study, where firms 

that began their activity with a larger size were 

more likely to remain on the market. 

However, firms are not static and it is very 

possible that they can adapt in order to 

mitigate their size disadvantage. Gibrat [1931] 

was one of the first scholars to study this issue 

and his findings stated that firm size was 

completely independent from a firm’s potential 

to grow. This idea was widely accepted of a 

long time, until Evans [1987a, b] suggested 

that smaller had a much higher propensity to 

grow, in an attempt to reach the higher levels 

of efficiency of their larger counterparts. Evans’ 

results also pointed to the idea that firms that 
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grew were more likely to survive than other. 

This relationship between growth and survival 

was laid out as the noisy selection theory by 

Jovanovic [1982], which stated that a firm 

would enter the market at a suboptimal scale 

and by acquiring knowledge of the market 

would then grow to more satisfying levels of 

efficiency. Many studies found empirical 

evidence to back this theory, such as Phillips 

and Kirchhoff [1989], Evans [1987a] and 

Agarwal and Gort [2002]. 

In addition to the firm dynamics, such as size 

and age, there are other factors that influence 

firm survival. Baumol [2002] endorsed that 

innovation has become an essential part of a 

company’s activity and Lazonick [2004] 

developed this topic stating that the ability to 

innovate would provide firms a higher 

likelihood of survival. This idea was followed by 

Cefis and Marsili [2005, 2006] and Naidoo 

[2010] who stated that innovation allowed firms 

to have more competitive advantage over their 

non-innovative counterparts, which resulted in 

a lower likelihood of exiting the market. 

Another factor that may influence firm survival 

is the decision to enter the foreign market, 

either through importing or exporting. Wagner 

[2012] stated that a firm that established itself 

on the international market had access to a 

wider array of potential customers, which could 

lead to additional growth and protect the firm 

from possible demand shocks. This is a way to 

diversify the firm’s risk. Baldwin and Yan 

[2011] added to this idea that, typically, non-

exporters were less efficient that exporters, 

which, according to Jovanovic [1982] would 

lead to a higher likelihood of survival to 

exporting firms. According to Gibson and 

Graciano [2011], it is not just the destination of 

products and services that matters, but also 

the origin of the resources and services 

needed to fully operate the firm’s activities. 

Their work highlighted the importance of the 

price variation and technology embodied on 

imported goods and services, which could 

translate into competitive advantage for 

importing firms. Vogel and Wagner [2010] also 

found empirical evidence that companies who 

operate on the international market often are 

more productive than their domestic 

counterparts, which would lead to a higher 

likelihood of survival. 

It is not only internal factors that influence the 

survival of firms. The competitive environment 

of the industry must always be taken into 

account in these analyses and on that matter, 

the literature appears to be split. On one hand, 

Weiss [1976] states that in highly concentrated 

industries, firms are able to enter at a 

suboptimal scale, which allows for better 

chances at early survival. Carroll [1985] took a 

sociological analysis perspective and found 

that smaller and specialist firms adapt better to 

concentrated markets than bigger and more 

generalist firms, which was later explained by 

Agarwal, Sarkar and Echambadi [2002] who 

state that specialist firms have the ability to find 

market niches and thrive. On the other hand, 

Kaniovski and Peneder [2008] found that 

higher levels of market concentration had a 

negative effect on firm duration and survival. 

Bunch and Smiley [1992] had similar finding, 

stating that, in highly concentrated markets, 

older and larger firms tend to deter new 

entrants in many different ways. Geroski, Mata 

and Portugal [2010], however, say that if a firm 

is able to survive these aggressive tactics by 

the older firms and establish itself in the 



4 
 

market, it significantly lowers their hazard of 

exit. 

The scientific knowledge built by the scholars 

and their work mentioned above will represent 

the foundation upon which we will formulate 

hypotheses in order to find a possible 

explanation regarding firm survival. 

Data and Methodology 

The data used in this analysis comes from the 

Portuguese System SCIE – Sistema deContas 

Integradas das Empresas, provided by the 

Portuguese National Institute of Statistics. In 

this work we analysed 7 032 different firms, 

with a total time at risk of 23 561 years. Some 

important statistics from the firms in our 

dataset are displayed in Table 1 

  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 1 - Summary statistics of the firm population 

 

Given the literature review and upon an early 

analysis of the data, we were able to provide 

some possible explanations why firms survive 

more than others. In this study, we will analyse 

the following hypotheses, which are aligned 

with the work from previous authors: 

 H1. Firms present in the market for 

longer periods of time have a reduced 

hazard of exit. 

 H2. Firms with a higher startup size 

have a lower hazard of exit. 
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 H3.  Larger firms have a lower hazard 

of exit. 

 H4. Firms that grow have a lower 

hazard of exit 

 H5. Firms that innovate have a lower 

hazard of exit. 

 H6. Exporters have a lower hazard of 

exit. 

 H7. Importers have a lower hazard of 

exit. 

 H8. Firms who engage in both 

exporting and importing have a lower 

hazard of exit. 

 H9. In industries with higher 

concentration the hazard of exit is 

lower. 

 

To understand how each of these hypotheses 

affected firm survival we used a model, which 

took into account the main characteristics of 

firms, which were laid out on the literature 

review. The econometric model to be used in 

this kind of analysis must take into account the 

probability of a firm leaving the market at any 

given time, provided its internal characteristics 

and the environmental ones. 

The model most suited for this work 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)
 (1) 

 

Where T represents the firm duration, while f(t) 

is the probability density function and S(t) is 

the survival function, which is the opposite of 

the failure function. 

Since, typically, firms tend to display a higher 

likelihood of survival, the longer they stay on 

the market, we assume that the hazard of exit 

will decrease the longer a firm is alive. 

Knowing this, we can present our proportional 

hazard model by separating the variables that 

are time dependent and time independent, 

resulting in the following equation: 

 

 

ln 𝜆(𝑡) = ln 𝜆0(𝑡) + 𝑋𝛽 (2) 

Where 𝜆0(𝑡) is the baseline hazard function 

and represents the dependence on duration, X 

represents a vector of the specific 

characteristics of each firm and 𝛽 is the vector 

of estimated parameters that indicate how 

much the values of X influence the final result. 

In order to obtain the survival model we opted 

for a parametric continuous-time duration 

model, where our baseline hazard function is 

modelled as a piecewise-constant exponential. 

In this approach, we divide the time intervals 

and assume the baseline hazard is constant 

across intervals. Though the estimates may be 

bias from a misspecification of the baseline 

hazard, Dolton and von der Klaauw [1995] 

found that these models allows for a better 

flexibility, which is enough to address this 

issue. 

Results 

Estimating the aforementioned model, we 

obtained results regarding the effects of the 

various variables. The results obtained are 

displayed in the form of marginal effects, which 

are directly correlated with the hazard rate. 

With the marginal effects we can observe how 

the hazard rate of each variable changes when 

the variable increases or decreases by one 
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unit of xi. A marginal effect higher than 0 

means that increasing xi results in a higher 

hazard rate and, thus a higher risk of exit and a 

marginal effect lower than 0 is associated with 

a lower hazard rate, a lower risk and a higher 

survival time. 

We used six different specifications in our 

analysis, where all of them include the firm 

age, the decisions to import, export and a 

correlation between the two, the market 

concentration and a ratio of which percentage 

of a firm’s results is used in investment in 

technology. The difference between the 

models is the use of startup size and current 

firm size on the analysis. Model 1 we analyze 

the effect of the startup size measured in 

categories, whereas Model 2 uses the current 

firm size, also in categories and Model 3 mixes 

the previous models, having both the startup 

and current firm size. Models 4, 5 and six 

include the same variables, respectively but 

instead of displaying the variables in 

categorical values, we use the logarithm of the 

startup and current firm size, which allows to 

understand the impact of a 1% variation of the 

size on the hazard ratio. 

The estimations displayed on Table 2, show us 

that firms present lower marginal effects, 

suggesting that once a firm is established on 

the market, its hazard ratio decreases 

significantly. This is a common trend on the 

different models which indicates that 

Hypothesis 1 is most likely verified. 

In what concerns the startup size, different 

results were obtained in the models. When the 

startup size is evaluated by itself, an increase 

in the startup size results in a lower marginal 

effect but these values have a low level of 

significance. On the other hand, when 

measured along with the current firm size, we 

obtain significant values of the marginal effect 

but these values are positive, which means 

that a larger startup size could lead to higher 

hazard of exit. Taking this into account we are 

inclined to believe that Hypothesis 2 is not 

confirmed. 

Regarding firm size the estimation’s results are 

what we would expect. Throughout the various 

models we can see a strong trend that the 

higher the firm size, the lower the marginal 

effect, therefore, confirming Hypothesis 3. 

When we take into consideration the decisions 

to import and export we come across negative 

values in both aspects.  

Both the marginal effects of importing and 

exporting are negative so we can assume that 

working in the international market makes a 

firm more likely to survive, which is aligned 

with Hypotheses 5 and 6. 

We can see from Table 2 that the values of 

both the Investment Ratio and Market 

Concentration are not significant to our 

analysis; therefore we cannot draw any 

accurate conclusions from them. Regardless, 

we know that both values are really close to 0, 

giving the idea that, even if they were 

significant, their impact on firm survival would 

be really low. 
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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 

Observations 23 302 23 302 23 302 23 302 23 302 23 302 

Table 2 - Marginal effect of the exponential model 

 

All variables control for year, region and sector. For the categorical variables the base value is no displayed 
(age=1, start-up 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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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 3 - Marginal effect of the decisions to import and export 

*significant at 10%; **significant at 5%; ***significant at 1%. 

 

We also considered the interaction between 

the decisions to import and export. By 

isolating these two variables we were able 

to obtain the marginal effect of this 

interaction. 

 

On Table 3 we see the results we expected. 

The marginal effect of importing is always 

negative, as expected and the marginal 

effect of exporting is also negative for non-

importing firms. The value that is 

unpredictable is the marginal effect of 

exporting when a firm already imports, 

which turned out to be positive, which gives 

the idea that, for a firm that is already an 

importer, there is no apparent advantage in 

becoming an exporter, but we should note 

that this value in not very significant in our 

analysis, therefore we can say that 

Hypothesis 7 is also verified in our model.. 

Final Remarks 

In this work we analyzed how some firm 

dynamics influence the Portuguese 

transportation and storage sectors. Using 

the data from SCIE we were able to draw 

some conclusion, some expected and 

others not as expected. 

In this work we were able to confirm 

hypotheses 1, 3, 6, 7 and 8 by finding 

evidence that pointed to the idea that age, 

size and the decisions to work on the 

international market had a positive effect on 

firm survival, whereas a larger startup size 

appears to have a negative effect on firm 

survival, which goes against hypothesis 2. 

Due to the nature of the data, we were 

unable to draw any conclusion regarding 

the innovation in new technology and the 

competitive environment of the industry and 

so, we were unable to confirm hypotheses 

5 and 9. However, this provides ground to 

further investigation on the matter. 

Other hypotheses that were laid out 

previously were not included in the models 

due to the absence of a satisfying way to 

compute these variables into our model, 

such as the influence of the growth of firms, 

stated in hypothesis 4, which constitutes a 

limitation of this work but also gives the 

opportunity to more investigation on this 

topic. 
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