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higher survival. This paper finds that better survival prospects are presented for firms 
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Finally, we find that financial strength and negotiation power with their suppliers have 
significant influences in this regard.
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maritime goods transport firms. Concretely, it is focused on assessing the factors that 
determine Spanish shipping firms’ survival. 
Non-parametric and semi-parametric techniques are the basis of the empirical analysis 
conducted. The obtained results allow us to establish business profiles with higher 
survival. This paper finds that better survival prospects are presented for firms whose 
main type of transport is the liquid bulk, roll-on/roll-off good and container segments. 
Second, the legal requirements for their constitution confer greater advantages to 
public limited companies in comparison with other corporate forms. Finally, we find that 
financial strength and negotiation power with their suppliers have significant influences 
in this regard.
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1. Introduction

The dominant position of the world’s maritime transport compared to other types of 
transport is evident since around 90% of the European Union’s (EU) external freight 
trade and 40% of the intra-EU exchange of goods and passenger transport are carried 
by sea (Jessen and Jürgen, 2016). In this sense, the growth has occurred due to the 
progressive decrease in the costs of maritime transport compared to other forms of 
transport, the gradual reduction in the delivery times of large merchandise and the 
security of deliveries, among other factors. In addition, maritime goods transport has 
been reinforced by institutional support; this has allowed the industry to be established 
as a strategic sector generating added value and employment, and become eco-
friendly in terms of CO2 emissions per cargo ton (Grant and Elliott, 2018).
Previous empirical studies reveal the economic, social and environmental influence of 
maritime transport (Kildow and McIlgorm, 2010; Niavis et al., 2017; Sislian et al., 2016). 
According to the World Commission of Environmental Development (WCED) (1987) 
sustainable development is the "development that meets the needs of the present 
without compromising the ability of future generations to meet their own needs". 
Moreover, the 2030 Agenda and its Sustainable Development Goals have been 
adopted to achieve a better and sustainable future for all, with the aims of stimulating 
actions towards economic, environmental and social sustainability. Its implementation 
requires a fully integrated approach between sectors, disciplines, countries, and actors 
(Shulla et al., 2019).
On the other hand, the activities developed on coastal and maritime areas represent a 
type of an economic sector which could be considered as the ‘Blue Economy’ of 
Europe (Niavis et al., 2017). The importance of this sector is testified by the continuous 
effort of the European Union to further strengthen it, mostly through the implementation 
of the Blue Growth strategy (Ecorys, 2012). Blue growth is the European Commission´s 
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strategy to further harness of potential of Europe´s oceans, seas and coasts and to 
support sustainable growth in maritime and marine sectors. In the fact, it is estimated 
that European ‘Blue Economy’ generates a gross added value of about 500 billion 
euros in an annual basis and more than 5,4 million jobs (EC, 2012). 
Protecting oceans and maritime resources is key to achieving sustainability worldwide 
(Halpern et al., 2008; Morrissey et al., 2011). International standards demand the 
maritime transport industry to make significant investments in green technology, 
including that related to emissions, waste, and ballast water treatment. These 
investments are positive not only for the environment, but may also help to long-term 
cost savings, such as with increased fuel efficiency. 
Thus, oceans are the drivers of development because they lay the foundations to 
promote a number of economic initiatives. Furthermore, coastal countries take 
advantage of their location in terms of lower transport costs and more competitiveness 
(Gallup et al., 1999).
The maritime industry is characterized by a tendency towards the integration of 
services, vertically and horizontally (Frémont 2009; Van de Voorde and Vanelslander 
2009; Dragomir, 2011, among other). 
Despite the strength of maritime transport, firms constantly face threats in this 
globalized and competitive sector, which endanger its survival. 
This research aims to analyse the survival of Spanish maritime transport firms.  Thus, 
the economic sustainability of the study is explored in terms of sustainability of the firm 
since the analysis focuses on the economic survival as a core part of the sustainability.
Maritime transportation is very important for Spain due to its location and the 
infrastructure of its ports. It is an important source of employment that involves a large 
number of companies and has a very important influence to the economy. Although 
the studies on firm survival in the maritime transport sector are relevant, most of these 
papers mainly focus on descriptive analysis with respect to the short-term dynamics of 
the main macromagnitudes of the international maritime trade. By providing 
longitudinal data at the microdata level, semi-parametric and non-parametric survival 
analysis methods can be implemented.
Previous studies on survival analysis of firms carried out by Evans (1987); Hall (1987); 
Dunne, Roberts, and Samuelson (1988); Audrestch and Mahmood (1995); and 
Audretsch (1995) focused on the study of manufacturing companies in the United 
States; and Mata et al. (1995) on the analysis of manufacturing firms in Portugal.
The fundamental objective of this study is to analyse the key aspects that influence the 
survival of maritime transport firms, with special attention given to the type of goods 
being transported, the corporate form of the enterprise, the average time period for 
charging customers and paying suppliers, economic profitability, the solvency ratio and 
the availability of aid in the form of subsidies.
The innovation of this research lies in different aspects, the first of which is the fact that 
there is no other study focused on the factors affecting the exit decisions of shipping 
companies using the survival analysis methodology. The use of this technique is 
extended in fields such as health sciences and industrial organization, but has rarely 
been applied to the transport economics. Moreover, the data set used in this analysis 
has never been analysed before to estimate the survival probability of transport 
companies. 
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One of the benefits of the SABI database is that it provides individualized financial and 
economic data of each company as well as information about their location and their 
internationalization level. Furthermore, a balance sheet information and other company 
features are available. 
The rest of this document follows this structure: Section 2 includes a short description 
of the dynamics of the maritime transport of goods in Spain. Section 3 analyses 
information and the data and discusses the survival analysis methodology. Section 4 
presents the findings and, finally, Section 5 states the main conclusions that are 
reached in this study.

2. Description of the maritime transport of goods in Spain

Europe is one of the main maritime hubs in the world with 329 key seaports along its 
coastline. Almost 90% of the EU’s outward goods trade is seaborne, which accounts 
for around one-third of the global merchant fleet. In terms of value, the external 
maritime transport trade in 2017 was 892.1 billion euros in the case of exports (47.5%) 
and 986.2billion euros in the case of imports (53.1%). In terms of weight, the external 
maritime transport trade was 561.3 million tonnes in the case of exports (80.4%) and 
1286.7 million tonnes in the case of imports (73.8%) (Eurostat database). In 2016, the 
maritime transport sector in the EU-28 employed approximately 176.2 thousand people 
and the amount of sea transport firms was 11,460 enterprises. 
Nevertheless, the crisis of 2007 caused a drastic reduction in the transport volumes in 
2009 at a time when a wave of newly built vessels was beginning to enter the industry. 
Furthermore, in recent decades, larger vessels are being built to benefit from 
economies of scale and profit from technological advances, and horizontal alliances 
and agreements are being formed to better exploit them.
Spain has six ports in terms of freight traffic, some of which are major EU-28 seaports. 
Algeciras, Valencia, Barcelona, Cartagena, Tarragona, Bilbao, and Huelva are 5th, 8th, 
13th, 22th, 26th, 27th and 29th among the EU-28 (83.5, 60.1, 49.7, 34.5, 33.4, 32.6, and 
32.2 tonnes, respectively) (Source: Eurostat (2017)).
Regarding the number of enterprises in the Spanish maritime freight transport, 57% of 
companies are legally limited liability companies while approximately 25% of them are 
public limited companies. Moreover, 42% of the Spanish maritime transport companies 
that deal in merchandise do not have salaried workers and only 6.36% have more than 
100 workers (Fig. 1)1. 

1 It should be noted that dates are from the Instituto Nacional de Estadística (INE), and these do not 
equal those of Spanish Shipowners' Association (ANAVE).

111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165



4

24 33 30 27 25 25 27 20 22 15 17 10

46
43

29 46 49 50 45
37 44

39 36
28

63
74

66

76 77 69 76
78

84
80 93

63

11

11

13

9 12
11 10

11

13

12
10

9

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
0

20

40

60

80

100

120

140

160

180

Physical persons Public limited companies

Limited liability companies Other legal condition

Fig. 1. Number of enterprises in the Spanish maritime freight transport industry by
legal condition, 2008-2019

Source: Instituto Nacional de Estadística (INE)

Fig. 2 shows the evolution of maritime freight transport in the Spanish state-owned port 
system. We find that a total of 563.6 million tonnes of assets were traded in 2018, 
which represents a growth of 36.6% compared to 2009. It shows that, in general, the 
sector has successfully overcome the global economic crisis that started in 2007. 
Moreover, the reduction in maritime traffic in 2008 that was caused by the crisis 
affected the industry for very few years2. 

2 In 2016, the EU port authorities are comprised of 87% public ownership, 6% private ownership and 
7% mixed public-private ownership. 
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Fig. 2. Maritime freight transport evolution (million tonnes), 1997-2018
Source: Ministerio de Fomento

Regarding the evolution of maritime goods transport based on the type of cargo, two 
clearly differentiated phases that are marked by the economic and financial crisis of 
2007-2009 stand out. In fact, prior to the crisis, all goods transport experienced 
sustained growth. However, these growths were different based on the type of cargo. 
The greatest growth was experienced in container transport with a growth rate of 116% 
during the period from 2000-2008, which was much higher than the total goods 
transport of 56.3%. The data also show the robustness of the liquid bulk traffic since, 
during the most severe crisis years (2008-2009), its traffic only decreased by 5.6% 
while the total goods transport decreased by 14.8% during the 2007-2009 period.
In the post-crisis period, the sector has witnessed the consolidation of sea container 
traffic, the maintenance of the growth rates in liquid bulks and the stabilization of solid 
bulks, as well as the decrease in road traffic during the 2015-2017 period. The 
economic crisis has had little influence on container traffic through Spanish ports, 
highlighting the growing importance of the traffic flows that are favoured by the new 
configuration of international markets and the strategic decisions of large shipping 
companies, although the latter was more visible for the ports along the Mediterranean 
coastline (Fig. 3). 
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Fig. 3. Gross weight of the goods that were handled in Spanish ports by type of cargo 
(thousand tonnes), 2000-2017.

Source: Eurostat

According to Spanish Shipowners' Association (ANAVE), Table 1 shows the different 
modalities of the Spanish flagged merchant fleet.

Table 1. Spanish flagged merchant fleet in 1st April 2020 (by different modalities) 

Type Vessels Gross tonnage 
(GT)

Deadweight tonnage 
(DWT)

Asphalt tanker 1 5,662 7,066

Passage 50 466,633 101,440

Cement tankers 2 12,575 17,359

Reefer containers 3 14,087 14,579

General cargo 14 62,728 90,717
Transport of liquefied 
gases 16 1,559,019 1,270,538

Roll-on/Roll-off 11 166,787 68,221

Oil tankers 10 44,244 67,271

Chemical vessels 4 41,119 59,892

Total 111 2,372,854 1,697,083
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In relative terms, approximately 10% of the maritime freight transport is national, 20% 
is intra-community and 70% is extra-community. The port with most freight traffic in 
2019 was Algeciras (104.8 million tonnes), which was followed by the ports of Valencia 
(80.8 million), Barcelona (65.9 million), Bilbao (35.4 million), Cartagena (34.4 million), 
Huelva (33.9 million) and Tarragona (32.7 million), with the first three port authorities 
accounting for 45% of the total traffic (Fig. 4). 
There is significant heterogeneity between ports. In fact, some Spanish ports have 
specialized terminals where ownership and management are of foreign capital, while 
other ports are highly specialized in very specific market areas. In this sense, some 
ports have modified their levels of specialization to respond to new international trade 
flows and meet the demands of companies in their hinterland. Thus, the greater 
specialization of maritime flows requires the presence of appropriate facilities that allow 
adaptation to changes in the international maritime system (González-Laxe and Novo-
Corti, 2016).
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Fig. 4. Freight traffic in the main Spanish ports (millions tonnes), 1997-2019
Source: Ministerio de Fomento

The main characteristics of the maritime transport in Spain can be summarized by the 
dominance of containerized transport, the increase of the average maritime transport 
vessel’s size, new transport routes, strengthened shipping alliances for the purpose of 
covering considerably more ports with a minimum number of vessels, and the 
increasing pressure on shipping companies by terminal operators to achieve a tariff 
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reduction given the low profit margins, among others3.Figure 5 shows that the average 
size of vessels calling in the main Spain ports increased by 174.9%, 169.9%, 112.2% 
and 54.4% during the period from 2000-2008 in in container ship, specialised carried, 
dry bulk carrier and liquid bulk tanker, respectively.
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Fig. 5. Average size of vessels (gross tonnage per vessel), 2000-2018
Source: Eurostat

3. Methods and materials

3.1. Data Collection

We have selected all the Spanish maritime goods transport companies from a large 
sample of firms included in the SABI database and resulting into 142 shipping lines. 
This database is generated by INFORMA and Bureaus van Dijk and provides 
internationalization information and company features, as well as very detailed balance 
sheet information for around 1.25 million Spanish companies and more than 500.000 
Portuguese enterprises.  
The time (in days) until the exit from the shipping industry takes place is the variable 
of interest within this research. That is, the period of time between the entry and the 
exit (complete observations) of a shipping line in the industry or until the end of the 
study, which is December 2016 (right-censored observation). In the latter case, it 
means that the shipping line stays operative after the end of the experiment.

3 Alliances have become a dominant feature of container shipping (IFT, 2018).
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Therefore, in our case the survival time is the length of time that a shipping company 
operates actively within the maritime transport sector. In the case of a complete 
observation the survival time is the period of time between the entry and the exit while 
in the case of a right-censored observation the survival time finishes at the end of the 
research. 
A short overview of the variables used in the research is included in Table 2. The 
dummy variable LEGALSTATUSDUM equals (1) if the legal condition of the shipping 
enterprise is not a Public limited company and (0) otherwise. Articles and studies on 
the subject show diverse results. According to Stiglitz and Weiss (1981), entrepreneurs 
within limited liability companies are more prone to start projects with fairly higher 
expected return of investment (ROI) but also with higher failure risks. Nevertheless, 
after analysing a sample of Portuguese companies, Mata and Portugal (2002) 
concluded that firms with legal structures other than limited liability had higher 
probability of existing. In our case, we observed that 35.92% of the shipping enterprises 
are Public limited company and 64.08% are limited companies.
The analysis includes the variable TYPECARGODUM to detect the existence of 
differences in survival according to the type of main merchandise of the company. In 
fact, as was previously seen, the types of merchandise that recently experienced the 
smallest reductions because of the economic and financial crisis were liquid bulks, 
containers and rolled merchandise, and the transport of solid bulk merchandise 
experienced the greatest descent. In our case, 17.61% are liquid bulk companies, 
3.52% are Ro-Ro firms, 19.01% are containers and 59.86% are dry bulk companies.

Table 2. Description of the variables
Variable Description

LEGALSTATUSDUM
=1 if the legal condition of the shipping company  is not a public limited 
corporation, and =0 if the legal status of the shipping company is a public 
limited firm

TYPECARGODUM =1 if the type of cargo of the firm is dry bulk, and =0 if the type of cargo 
is liquid bulk, Ro-Ro or containers

SIZEDUM =1 if the firm is micro or small, and =0 if the firm is medium or large
AIDDUM =1 if the shipping firm did not receive aid, and =0 otherwise

EXPIMPDUM =1 if the firm does not have export/import activity, and =0 otherwise

ROADUM

=1 if the economic profitability of the firm is below than the median value 
of the firms that were analysed, and the 50th percentile = 0.59%. We 
estimate that using the return on assets (%) =profit (loss) for period/total 
assets)*100. The variable =0 if the economic profitability of the company 
is positive, which means that the its economic profitability is greater than 
the median value. 

SOLRDUM1
=1 if the short-term solvency ratio (or current ratio) of the company is 
less than one. We estimate it with this formula: current assents/ current 
liabilities. Otherwise, =0

SOLRDUM2 =1 if the short-term solvency ratio (or current ratio) is higher than two; 
and otherwise, =0
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COLLECTIONDUM = 1 if the average collection period of the firm is greater than three 
months or 99 days (75th percentile), and = 0 otherwise

CREDITDUM = 1 if the average credit period of the firm is less than 58 days (75th 
percentile), and = 0 otherwise

COLLECREDITDUM =1 if the collection period is less than or equal to the credit period, and 
=0 otherwise

The size of the company (SIZEDUM) has been a factor that traditionally influences the 
company’s survival probability in the market (Jovanovic, 1982; Evans, 1987; Dunne et 
al., 1989; Dunne and Hughes, 1994; Audretsch and Mahmood, 1995). Thus, SIZEDUM 
is measured using the total assets of the firm. The alliances among shipping 
companies allow firms to effectively share the costs of bigger vessels and to organize 
services differently. In fact, 67.2% are micro or small firms and 32.8% are medium or 
large companies. Another dummy variable that is included is AIDDUM, through which 
we incorporate information on whether the company has received any type of subsidy 
or public aid, whether it is for the acquisition of fixed assets, employee training or the 
promotion of employment, among others. We anticipate that a company that receives 
any type of subsidy or public aid will remain in the activity longer.
Therefore, we have also considered the variable EXPIMPDUM to study the influence 
of internationalization on the shipping lines survival. As a matter of fact, companies can 
increase their incomes by developing internationalization strategies. Calof and 
Beamish (1995) and Evers (2010) define Internationalization as “the process of 
adapting firms' operations (strategy, structure, resources, etc.) to international 
environments”. Nevertheless, only 21.13% of the enterprises that are analysed are 
involved in import and export activities.
Moreover, the variable ROADUM, related to the return on assets, has also been 
considered when conducting this analysis, as it measures the companies’ ability of 
generating revenue. That is, the efficiency of companies to manage their assets in 
order to generate income. Thus, companies are expected to reach their highest level 
of profitability and those with lower returns on assets are more likely to cease their 
shipping activity and search for business opportunities within other sectors (Cordón 
and García, 2018).  
An additional variable used in the model is the solvency or current ratio (SOLRDUM1 
and SOLRDUM2), which shows a company's overall financial potential. It is a current 
ratio that measures a company's ability to pay short-term obligations or those due 
within one year Bargaining power with their customers and suppliers 
(COLLECTIONDUM, CREDITDUM and COLLECREDITDUM) are also considered to 
study how credit granting policies and collection efforts affects the survival of Spanish 
firms, which is due to the reduction of cash tensions and the lesser need to finance 
working capital in the short term.

3.2. Econometric approach
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The empirical analysis is carried out using survival analysis, also called event history 
analysis in other fields like Sociology, duration models in political science or 
Economics, hazard rate models in Biostatistics or Epidemiology and failure-time 
models in Engineering. Kiefer (1988), Therneau and Grambsch (2001) and Klein and 
Moeschberger (2005), among other authors provide complete overviews of the 
methods used in the survival analysis of economic studies. These methods consider 
the exit risk evolution and its determinants over time. Thus, survival analysis is suitable 
for processing censored data to those situations in which the event of interest (the exit 
of the firm from the activity) has not happened yet, and we the only thing we know is 
that the firm has survived at least to a certain period t. 
The Kaplan–Meier estimator of the survival function S(t) represents the probability of 
surviving longer than t periods, and is given as follows (Kaplan and Meier, 1958):

(1)𝑆 = ∏
𝑡𝑖 ≤ 𝑡(1 ‒

𝑑𝑖

𝑛𝑖)
where ni is the amount of shipping companies in the risk set at ti and di is the number 
of companies that have finally exited at ti, i.e., the number of shipping firms that 
experienced the event at time ti. The product is over all observed exit times that are 
less than or equal to t.
Non-parametric tests comparing two or more censored data distributions are a first 
step in the estimation, since they allow us to get an initial idea of the individual influence 
on the duration of each all the relevant covariates. There is a number of non-parametric 
tests for censored survival data, and the most extended are those of Savage (1956), 
Mantel-Haenszel (1959), Mantel (1966), Peto (1972), Gehan (1965), Breslow (1970), 
Prentice (1978) and Tarone and Ware (1977), among others. 
Thus, at each distinct exit time ti, the contribution to the test statistic is obtained as a 
weighted standardized sum of the difference between the observed and expected 
number of events in each of the k groups. The expected number of events is obtained 
under the null hypothesis of no differences between the survival experience of the k 
groups. Table 3 shows the weights used for each of statistical tests.

Table 3. Non-parametric tests for the equality of the survival functions
Test Weight at each distint failure time (ti)

Log-Rank 1

Wilcoxon-Breslow-Gehan ni

Tarone-Ware 𝑛𝑖

Peto-Peto-Prentice 𝑆(𝑡𝑖)

Fleming-Harrington 𝑆(𝑡𝑖 ‒ 1)𝑝[1 ‒ 𝑆(𝑡𝑖 ‒ 1)]𝑞

where Ŝ (ti) is the estimated Kaplan-Meier survivor function value for the combined S
sample at exit time ti, (ti) is a modified estimate of the overall survivor function, and ni S
is the number of shipping companies in the risk pool at exit time ti. 
In the Fleming-Harrington test, the two nonnegative arguments p and q allow to give 
more weights to earlier exits than to later ones (p>q) or to give more weights to later 
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than to earlier times. On the other hand, in the case of p and q are both zero, the weight 
is 1 at all exit times and the test reduces to the log-rank test.
In order to study how the explanatory variables affect the exit hazard  of a company, 
we use a semiparametric Cox proportional hazards model (Cox, 1972; 1975) in which 
the hazard function of a company i is the following:4

    (2)

where h(t, xi) represents the companies’ exit rate at a time t, and h0(t) is the baseline 
hazard and represents the hazard when all covariates are equal to zero. This baseline 
hazard is both an arbitrary and positive function of time, x is a vector of covariates that 
influences the survival rate of companies, and β is the coefficient’s vector that we must  
estimate5. 
Since this is a semiparametric model, weak assumptions related to the hazard function 
form are made. However, the proportional hazard assumption needs to be considered 
because it requires the hazard ratio to keep constant over time or, equivalently, that 
the hazard for one company is proportional to the hazard for any other company. To 
check out this proportionality we can use the test by Grambsch and Therneau (1994) 
In order to interpret the estimates, we need to take into account that risk ratios that are 
less (higher) than one imply a decrease (increase) of the hazard rate and an increase 
(decrease) of the corresponding survival probability, ceteris paribus. In the case of a 
dummy variable covariate, the hazard ratio can be interpreted as the increase in the 
company’s overall hazard rate when the value of this dummy variable equals 1 and the 
rest of the variables are kept constant. 
We can evaluate the overall adequacy of this model through Cox-Snell residuals (Cox 
and Snell, 1968; Collett, 1994) given by the following formula:

(3)

where  the Ĥ0(ti) is the estimated cumulative baseline hazard function.
Thus, if the Cox regression model fits the data properly, the cumulative hazard function 
conditional on the covariate vector has an exponential distribution with a hazard rate 
of one.

4. Results

In this section, we have included the most relevant findings of the Cox proportional 
hazard model. We have analysed in continuous time data from 142 shipping lines, so 

4 Under the partial likelihood framework of Breslow (1974), we have used the Cox proportional model 
and parameter estimation.
5 The Cox model cannot be considered a fully parametric model since it does not specify the form of 
h0(t).
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there have been both censored and complete intervals. The dependent variable of 
interest has been the time elapsed until companies exited the shipping activity. 
Using the non-parametric and semi-parametric techniques for duration models, we 
estimate the influence of certain variables on the survival of the shipping firms.

4.1. Non-parametric techniques
In Figs. 6 and 7, the survival curves were drawn using Kaplan-Meier estimator method. 
As noted in Fig. 6, the survival function shows a positive relation between the survival 
rates and how old the company is due to the greater experience and knowledge they 
gain on their efficiency and competitiveness (Jovanovic, 1982, Evans, 1987, Hall, 
1987, Audretsch and Mahmood, 1995, Dunne et al., 1989, Wagner, 1994, Geroski, 
1995, Clementi and Hopenhayn, 2006). Thus, in the first 1000 days, the survival rate 
falls more sharply than it does afterwards.
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Fig. 5. Survival curves that were obtained from the Kaplan-Meier estimator
for the Spanish shipping lines

When we analyse the effects of the type of cargo that is transported by shipping lines 
on the survival, we notice that the patterns are different. Fig. 7 shows that the function 
representing the survival rates of companies other than liquid bulk is below the function 
for this kind of shipping company.  This result is a consequence of the strength of the 
liquid bulk maritime transport sector with respect to the others. In fact, without 
considering the movement of goods in transit, during the last years, the maritime traffic 
of liquid bulks in Spain has exhibited the highest growth rates, which has been driven 
by the activity of the ports of Algeciras, Cartagena, Huelva, Tarragona, Bilbao and, 
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Barcelona, among others, and by a consolidated petrochemical industry. This 
sustained growth is promoting the creation of new liquid bulk berths that will be 
operational starting in 2019.
Container and Ro-Ro firms exhibit similar behaviours in terms of their survival and are 
not too far from the survival patterns of liquid bulk companies, which are driven by the 
activity of the ports of Valencia, Algeciras and Barcelona, among others. With respect 
to the lower survival, it is observed that the economic and financial crisis has 
significantly affected solid bulk companies.
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Fig. 7. Survival curves that were obtained from the Kaplan-Meier estimator 
according to the main type of cargo that was transported by the shipping lines

The results reported in Table 4, clearly show significant differences in the survival 
between groups for each of the variables. Therefore, these results allow the rejection 
of the hypothesis that the survivor functions are identical. 

Table 4. Non-parametric tests for the equality of the survival functions (by explanatory variables)

Variable Log-Rank
Wilcoxon-
Breslow-
Gehan

Tarone-
Ware

Peto-Peto-
Prentice

Fleming-
Harrington 
(p=3, q=0)

LEGALSTATUSDUM 9.41
(0.002)

9.87
(0.002)

4.76 
(0.002)

10.02
(0.001)

10.03
(0.001)

TYPECARGODUM 6.70
(0.009)

7.03
(0.008)

7.46
(0.006)

7.27
(0.007)

6.10
(0.013)

SIZEDUM 14.07
(0.000)

12.82
(0.000)

13.86
(0.000)

13.85
(0.000)

12.03
(0.000)

AIDDUM 16.87
(0.000)

14.11
(0.000)

15.83
(0.000)

15.98
(0.000)

12.55
(0.000)

EXPIMPDUM 6.65
(0.010)

7.81
(0.005)

7.63
(0.006)

7.45
(0.006)

7.69
(0.006)
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ROADUM 8.39
(0.004)

6.95
(0.008)

8.21
(0.004)

7.94
(0.005)

6.38
(0.023)

SOLRDUM 6.77
(0.034)

2.73
(0.256)

4.07
(0.131)

4.42
(0.110)

2.37
(0.306)

COLLECTIONDUM 10.80
(0.001)

8.07
(0.004)

9.57
(0.002)

9.60
(0.002)

6.58
(0.010)

COLLECREDITDUM 13.96
(0.000)

7.46
(0.006)

10.08
(0.001)

10.03
(0.001)

4.97
(0.026)

Table 5 shows the average, 25th percentile, median, and 75th percentile survival times. 
For some variables, some percentiles are not shown because there is right-censored 
data. Furthermore, the average survival times are very different for some of the 
variables analysed, such as the legal condition of the shipping firm, the company size, 
the effect of international activity, the receipt of any type of subsidy or public aid, a 
firm's overall financial strength, and the bargaining power of the shipping lines with 
their customers and suppliers.

Table 5. Descriptive statistics of the sample (shipping firms): Average survival times, 25th percentile, 
50th percentile and 75th percentile

Variables Average 
Time

25th 
Percentile

50th 
Percentile

75th 
Percentile

LEGALSTATUSDUM
0-Public limited company
1-Otherwise

19,739
8,056

7,375
3,227

14,791
7,582

28,059
10,805

TYPECARGODUM
0-Liquid bulk, Ro-Ro and containers
1- Otherwise

15,876

13,739

7,375

3,381

14,791

7,582 25,866
SIZEDUM

0-Medium or large
1-Micro or small

22,987
11,206

11,034
3,381

18,576
7,582

28,059
25,866

AIDDUM
0-Received
1-Did not receive

21,865
13,157 3,614 8,050 18,576

EXPIMPDUM
0-Yes
1-No 

24,952
12,575

10,563
3,614

18,576
8,280

45,868
25,866

ROADUM
0-Greater 
1-Lower

15,393
12,537

8,347
3,381

14,385
5,781 18,576

SOLRDUM1
SOLRDUM2

Less than 1
Between 1 and 2
Greater than 2

10,906
29,771
10,690

3,331
4,601
5,506

7,582
45,868

14,791
45,868

COLLECTIONDUM
0-Less than 3 months
1-Greater than 3 months

17,025
11,420

7,582
3,381

14,791
5,781 14,385
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COLLECREDITDUM 
0-Collection period is greater than the credit period
1- Collection period less or equal to the credit period

20,218

7,849

5,781

3,633

14,385

5,506

28,059

10,563

4.2. Semi-parametric techniques
The Kaplan-Meier estimator survival analysis enabled us to perform an initial 
assessment of Spanish shipping firms, and the Cox model or semi-parametric 
regression model of the proportional hazards allowed us to simultaneously analyse the 
influence of the independent variables on the companies’ duration.
We are working in continuous time, so there are both censored and complete intervals. 
The dependent variable of interest is the time that elapses until an event takes place. 
This event for us is the moment when shipping companies cease their activity. 
Table 6 presents the results of the Cox regression model, in which the coefficient 
estimates show the impact of a certain independent covariate on the hazard rate. 
Therefore, positive values imply higher hazards and correspondingly shorter durations. 
In fact, a hazard rate higher than 1 means that the covariate increases the company’s 
exit hazard and a hazard rate under 1, the opposite. Hazard rates provides the ratio of 
the initial hazard rate to the new hazard rate when the latter is computed allowing a 
one unit increase of the independent variable.

Table 6. 
Proportional hazards model estimation

Variable Coefficient Std Error Hazard 
Rate Std Error P-Values

LEGALSTATUSDUM 1.106*** 0.329 3.022 0.994 0.001
TYPECARGODUM 0.543** 0.288 1.721 0.495 0.059
ROADUM 0.608* 0.315 1.837 0.579 0.054
SOLRDUM1 0.739** 0.372 2.094 0.779 0.047
SOLRDUM2 0.022 0.443 1,022 0.452 0.961
COLLECTIONDUM 0.641** 0.283 1.899 0.537 0.023
COLLECREDITDUM 0.628** 0.280 1.873 0.524 0.025

Note. (*), (**), and (***): significant at the 10%, 5% and 1% level, respectively.
Log-likelihood -234.729

 
We have obtained statistically significant positive results for those variables related to 
the legal structure (LEGALSTATUSDUM), the type of cargo (TYPECARGODUM), the 
return on assets (ROADUM), the solvency ratios (SOLRDUM1 and SOLRDUM2), and 
the bargaining power of the companies with their customers and suppliers 
(COLLECTIONDUM and COLLECREDITDUM). There are no significant interactions 
between the independent covariates.
 To include a variable in the model we have followed a criterion of stepwise selection. 
Regarding the legal structure of companies, we found that having other factors under 
control, limited companies less exit probabilities than others with different legal 
structures. Thus, we observe that those firms whose legal form (LEGALSTATUSDUM) 
is not a limited company experienced an exit hazard that was 3 times higher than those 
whose legal form is a limited company. This result is compatible with the weaknesses 
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of other generally less well capitalized company forms and with greater barriers to 
attract financial resources.
Additionally, the main type of cargo had a significant influence on the survival times of 
shipping firms. The analysis reveals that dry bulk firms experienced an exit hazard 1.7 
times higher than liquid bulk, Ro-Ro and container firms.
The results for the variable economic profitability of the firm (ROADUM) indicate that 
the exit hazard is around 1.8 times higher for companies whose economic profitability 
is below the median value of the analysed firms, i.e., lower than 0.59%
With regard to short-term solvency ratio (SOLRDUM1 and SOLRDUM2), the exit 
hazard is approximately 2.1 times greater for companies with a solvency ratio lower 
than 1 than for those with a solvency ratio between 1 and 2. 
Moreover, the difficulty in the access to credit in recent years influences the relevance 
of the efficient management of collections to clients and payments to suppliers by firms 
(COLLECTION and COLLECREDITDUM). We anticipated this result and, 
consequently companies whose average payment period exceeds 3 months 
experience an exit risk that is almost 1.9 times higher than those with an average 
collection period of less than 3 months. It is evident that those companies whose 
average period of payment is higher than the average credit period with suppliers will 
have greater pressure on their cash reserves, given their 1.9 times higher risk. 
Therefore, the estimated model shows the strength in terms of the survival of the 
companies that manage to negotiate better collection and payment conditions with 
customers and suppliers. 
In order to evaluate the significance of all coefficients we have used both the Wald and 
the partial likelihood ratio tests.  We have used log-log plots to visually assess the 
proportional hazard assumption for each variable. In addition, Schoenfeld residuals 
have been used to analytically test the assumption. These residuals are based on a 
non-zero slope test for a generalized linear regression of them as a time function. This 
assessment is the same as testing the proportional hazards assumption, that is that 
the log hazard ratio function remains constant over time. Hence, since we are rejecting 
the null hypothesis of a zero slope, there is a deviation from the proportional hazards 
assumption (Grambsch and Therneau, 1994). Table 7 shows these results and no 
evidence of a violation of the proportional hazards assumption.  

Table 7.
Results of the proportional hazards tests

Variable Estimated P  2 Statistic G.L. P-Value

LEGALSTATUSDUM -0.048 0.16 1 0.687
TYPECARGODUM -0.129 1.09 1 0.297
ROADUM 0.069 0.34 1 0.561
SOLRDUM1 0.143 1.34 1 0.247
SOLRDUM2 0.111 0.85 1 0.358
COLLECTION 0.076 0.40 1 0.530
COLLECREDITDUM 0.115 0.89 1 0.346
Test Global 6.13 7 0.525
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To evaluate the overall fit of the model the Cox-Snell residual plot for the Cox 
proportional has proven to be very effective. The plot of the accumulated hazard versus 
Cox-Snell residuals should have an exponential distribution if the model fits the data 
correctly, that is it should a straight line with a 1 slope. Figure 8 shows that the Cox 
model fits the data reasonably.  

Fig. 8. Cox-Snell residual plot for the Cox model

5. Conclusions 

Although the dominant position of the world maritime transport compared to other 
forms of transport is evident (Jessen and Jürgen, 2016), some challenges lie ahead 
for shipping and international maritime trade. 
The growing uncertainties in the international geopolitical panorama are generating 
deep tensions in supply and demand. As a result, a dangerous competitive race is 
being generated in the markets, jeopardizing the profitability of companies in the 
sector.
Sustainable maritime transport needs a sound financial system to support its 
requirements for the efficient long-term allocation of resources to advance the three 
pillars of sustainable growth: economy, society and environment. If any one pillar is 
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weak then the system as a whole is unsustainable. Conciliating economic growth, 
social well-being and environmental sustainability has become increasingly 
problematic. In the fact, the gap between these three poles is increasing.
This paper empirically analyses some challenges related to economic aspects of 
Spanish maritime goods transport firms. Specifically, this research is focused on the 
economic aspects and evaluates the factors influencing the survival of Spanish 
shipping firms.
In order to conduct the empirical analysis, we have used non-parametric and semi-
parametric survival analysis techniques. The results and conclusions of this research 
contribute to better understand the factors affecting companies’ survival and have 
relevant political implications. However, since shipping is business, the economic 
viability of companies should be at the core of any focus on sustainability, 
environmental consideration and integrated system.
Interest in the use of sea waters has begun to grow recently with the emergence of the 
‘blue growth’ concept. Until then there is hardly any research on the subject, in spite of 
its socio-economic relevance. 
For the studied case firms, this research shows the positive relation between the 
survival rates and the age of the firms, which is due to the broad experience and 
knowledge they gain on their efficiency and market competitiveness. It is the large 
shipping companies, with high experience in the sector, who are the protagonists of 
the generation of alliances that dominate the market and influence the configuration of 
the ports analysed. Furthermore, alliances have become a dominant feature of 
container shipping.
To sum up, this study also suggests that the firms whose main type of transport is the 
liquid bulk, roll-on/roll-off good or container transport have better survival prospects. In 
the fact, the ports that have a nearby refinery are those that demand high volumes of 
liquid bulk traffic. Moreover, ports and shipping companies highlight the importance of 
investing in rail infrastructure, such as that of the Atlantic and Mediterranean Corridors, 
which is essential to connecting the Iberian Peninsula with the rest of Europe.
In fact, there are certain aspects of the economic environment and the international 
situation that act as conditioning factors for the survival of the companies analysed.
Furthermore, our results also indicate that the legal conditions of the shipping lines 
confer greater advantages to public limited companies in comparison with other 
corporate forms. Moreover, it confirms the results from the previous literature that 
concluded that firms with legal structures other than limited liability had higher 
probability of existing (Mata and Portugal, 2002). This result might be because this 
type of firm projects a good image to the outside. Additionally, the European Union’s 
subsidy policy has for years on end supported big businesses and limited companies 
to the detriment of small and medium-sized companies, so that the latter have been 
driven out of the market. 
Despite the importance of internationalization since it can bring companies new 
sources of revenue, only 21.13% of the analysed firms are involved in import and 
export activities. However, internationalization has proven not to be a relevant factor 
for the survival of shipping lines, since it did not significantly contribute to the model.
This study also reveals that the financial strength of the shipping lines and their 
negotiation power with their suppliers have significant influences on their survival. In 
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fact, the difficulty in the access to credit in recent years influences the relevance of the 
efficient management of collections from clients and payments to suppliers by the 
firms.
Furthermore, there are certain aspects of the economic environment and the 
international situation that act as conditioning factors for the survival of the companies 
analysed.
Finally, it is important to note that survival analysis is very useful to understand the 
decisions made by shipping lines to stay in the market. This study and the conclusions 
derived from it have helped us to have a deeper knowledge of the maritime transport 
sector. 
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