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resumo O sector pesqueiro tem vindo a sofrer um forte revés, com a redução dos 

stocks de pesca e mais recentemente com a diminuição da frota de pesca. Um 
dos principais fatores mais importantes para esta diminuição está relacionado 
com a contínua dificuldade em encontrar peixe com qualidade e em 
quantidade, permitindo ao setor trabalhar constantemente durante todo o ano. 
No entanto, outros fatores estão a afetar negativamente o setor pesqueiro, 
nomeadamente, os grandes custos de manutenção das embarcações e os 
elevados custos diários que são necessários para o trabalho de cada 
embarcação. Um dos principais custos associados ao trabalho diário é o 
consumo de combustíveis. Como exemplo, uma embarcação com 30 metros de 
comprimento e que trabalha cerca de 17 horas diárias consome cerca de 2500 
litros de combustível por dia, valor muito alto tendo em conta a produtividade do 
setor. Suportando esta premissa foi desenvolvido um projeto com o objetivo de 
reduzir o consumo de combustível por parte das embarcações pesqueiras. Este 
projeto chama-se “ShipTrack”, e tem como finalidade a utilização de previsões 
de correntes marítimas nas rotas efetuadas pelas embarcações. O objetivo 
envolve um aproveitamento das correntes a favor e evitar correntes contra, 
tendo em conta o rumo do barco, de forma a diminuir consumos de 
combustíveis e aumentar velocidades de navegação. A metodologia utilizada 
passou pela criação de um Software específico, de forma a otimizar rotas tendo 
em conta a previsão das correntes oceânicas. Estas previsões são realizadas 
com recurso à modelação, mecanismo que tem cada vez mais importância em 
todas as comunidades, pois através da modelação, podemos prever, antecipar 
e verificar fenómenos importantes para todo o ecossistema terrestre. O objetivo 
inicial consistia na criação de um Software para o sector pesqueiro, no entanto 
o seu desenvolvimento não ficou concluído durante a realização deste trabalho. 
Assim foi necessária uma nova abordagem de forma a verificar a influência das 
correntes oceânicas na embarcação de pesca “Cruz de Malta”. Nesta nova 
abordagem, e durante as várias rotas realizadas, foi recolhida constantemente 
informação sobre a velocidade instantânea, o consumo instantâneo e o estado 
das correntes oceânicas ao longo do percurso do barco, bem como outros 
fatores. Após 4 viagens oceânicas e muitas rotas analisadas, foi possível 
verificar a influência das correntes oceânicas na velocidade do barco e no 
consumo de combustível. Por exemplo, em muitas fases das várias rotas 
realizadas, foi possível verificar um aumento da velocidade em zonas onde as 
correntes oceânicas se encontravam a favor do movimento do barco. A 
incorporação de novos dados na indústria da pesca foi vista positivamente 
pelos seus intervenientes, o que encoraja a novos desenvolvimentos nesta 
indústria. 
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abstract The fishing sector has been suffering a strong setback, with reduction 

in fishing stocks and more recently with the reduction of the fishing 
fleet. One of the most important factors for this decrease, is related to 
the continuous difficulty to find fish with quality and quantity, allowing 
the sector work constantly all year long. However other factors are 
affecting negatively the fishing sector, in particular the huge 
maintenance costs of the ships and the high diary costs that are 
necessary for daily work of each vessel. One of the main costs 
associated with daily work, is the fuel consumption. As an example, 
one boat with 30 meters working around 17 hours every day, 
consumes 2500 liters of fuel/day. This value is very high taking into 
account the productivity of the sector. Supporting this premise was 
developed a project with the aim of reducing fuel consumption in 
fishing vessels. The project calls “ShipTrack” and aims the use of 
forecasts of ocean currents in the routes of the ships. The objective 
involves the use of ocean currents in favor, and avoiding ocean 
currents against, taking into account the course of the ship, in order to 
reduce fuel consumption and increase the ship speed. The 
methodology used underwent the creation of specific Software, in 
order to optimize routes, taking into account the forecasts of the 
ocean currents. These forecasts are performed using numerical 
modelling, methodology that become more and more important in all 
communities, because through the modeling, it can be analyzed, 
verified and predicted important phenomena to all the terrestrial 
ecosystem. The objective was the creation of Software, however its 
development was not completed, so it was necessary a new approach 
in order to verify the influence of the ocean currents in the navigation 
of the fishing ship "Cruz de Malta". In this new approach, and during 
the various ship routes it was gathering a constant information about 
the instant speed, instantaneous fuel consumption, the state of the 
ocean currents along the course of the ship, among other factors. 
After 4 sea travels and many routes analyzed, it was possible to verify 
the influence of the ocean currents in the Ship speed and in fuel 
consumption. For example, in many stages of the sea travels it was 
possible to verify an increase in speed in zones where the ocean 
currents are in favor to the ships movements. This incorporation of 
new data inside the fishing industry, was seen positively by his 
players, which encourages new developments in this industry. 
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1. Introduction  
 

1.1. Motivation and Aims  

 In the past few decades the interest about the oceans and its potentiality has been 

increasing, being a strategic point in the development of coastal cities and countries. The 

mobilizations for the ocean by governments and countries, started after World War II, 

mainly due to the potential of natural resources and to their exploitation (Portugal, 2013).  

In a simple way and according to John R. Delaney and Roger S. Barga “ocean is a huge, 

mobile reservoir of heat and chemical mass”, that is the engine capable of drive weather-

climate systems across ocean basins and continents, having direct effect in every 

ecosystem on earth. As a consequence, “today immensely complex system in which 

thousands of physical, chemical, and biological processes continually interact” (Fig. 1) 

and evolve (Delaney & Barga, 2010).  

 

The ocean has been an important pillar in the development of the coastal 

communities, especially in sectors such as the fisheries, maritime transport, tourism, 

shipbuilding and repair, yachting, among many other traditional and emerging activities, 

such as the exploitation of hydrocarbons, the Methane clathrate, and the renewable 

energies (Portugal, 2013). 

Figure 1 – Ocean processes (Visualization & Delaney, 2009) 
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In the past 50 years, the exploitation of marine resources suffered a drastic 

increase, however to sustain such increase in developing it was necessary new 

technology, knowledge and people capable of explore this “new world”. The constant 

development of the new technologies has been enhancing the ability to exploit the 

resources of the ocean. With the development of new sensors, new satellites, buoys and 

the use of mathematical models, the knowledge about the ocean increased, reinforcing 

the potential of marine sciences. 

In all these new developments in the exploitation of the ocean, the mathematical 

models have particular emphasis due to the contribution to a better understanding of the 

complexity of the ocean and the interaction with the climate of the planet. The objective 

is to help to describe processes and observations between systems. A global study of the 

ocean needs a global approach and an interrelationship between various areas of study, 

making the knowledge of the ocean interdisciplinary (Tecnológica, 2015). 

According to the Portuguese National Strategy for the Sea, it is necessary to 

protect and at the same time promote the ocean economy, in a sustainable way. With this 

new strategy promoted by the Portuguese government, the exploitation of the ocean won 

a new dynamic with the creation of new opportunities in many sectors, such as the marine 

transportation, the submarine mining, the use of renewable energies and the discovered 

and preservation of new marine protected areas (Portugal, 2013). 

Despite this new strategy for the sea, that promotes new developments in 

exploitation of new resources, the oldest activities, such as fishing, are not forgotten by 

the Portuguese government. In this traditional Portuguese sector, it is designed by 

Portugal a modernization in whole sector, in order to optimize processes and promote 

even more the product “Fishing in Portugal” (Portugal, 2013). 

This greater investment in Portuguese fishing, is related to a low educational level 

of the sector, a low profitability, high middle ages in the sector and a high rate of fatal 

accidents. So are needed new projects and new approaches, to improve all of these 

factors in order to make the Portuguese fisheries more competitive in the future 

(Estatística, 2012).  

The objective is to create an interface system incorporating information of ocean 

currents on the routes of the fishing boats, with the aim of reduce time travel and 

especially the fuel consumption. In order to promote integration between the business 

and academic world, this work was conducted with the aim of promoting economically the 

use of ocean currents in fishing vessels routes.  
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1.2. State of the Art 

The importance of oceans is recognized worldwide by the scientific community, 

governments and companies, through the publication of many studies, relating different 

areas such as biology, physical and chemical processes, with the importance and 

potential of the oceans. 

According to Stojanovic & Farmer (2013) the growth of human activities in world’s 

oceans and coasts, that some scientists described as the “colonization of the oceans” 

some trends are visible, such as the transition to an economy less dependent on fossil 

fuels, making the ocean a focal point for growth of many new activities, including 

aquaculture, wind and wave power and other enterprises. However some negative 

aspects are also visible, like the decline in ocean and coastal fish stocks, the increasing 

of occurrences of water shortages, the declines in tillable soil on land, culminating in 

changes on food shortages (Kildow & McIlgorm, 2009). 

One of the most important sectors in the ocean economy is the coastal tourism 

and the marine transportation, due to the huge number of suppliers as well as users, 

making the ocean an important source of revenue for economy of any country (Kildow & 

McIlgorm, 2009). In order to allow the constant development of all sectors linked to the 

ocean, the creation of new technologies and new improvements in communications, are 

essential. However other developments are also needed to make the maritime activities 

more competitive, more profitable and essentially more efficient. So new developments 

in fiber optics cables, fish finding technology, seismic exploration technology, computing 

modelling and satellite navigation, are essential for a sustainable success on exploitation 

of ocean resources (Stojanovic & Farmer, 2013). 

With the large development of technologies in the area of the ocean, it was 

possible to accomplish more and more observations, making all the dynamics of the 

ocean better studied. However with more studies and more technologies, a large amount 

of information is scattered and not disclosed to the world. To solve part of this problem, it 

is essential the creation of a global information system. This system is part of the idea of 

demonstrating the potential of the ocean, where the weather and oceanographic 

forecasting are essential (Ballou, et al., 2008). 

The creation of this global systems is important, however and according to Ballou 

et al. (2008), “it is necessary to start first with research network and to demonstrate the 

benefit of the network for society as a whole”. 

Being the sector of maritime transport one of the most important and largest 

sectors worldwide, and analyzing their total costs, the fuel costs have a major operational 

cost (Daurès, et al., 2013). So the reduction in fuel consumption is essential to make this 

sector more competitive, and more environmental friendly. Together with the need to 

reduce costs, is the difficulty in achieving such results, however new developments 

carried out by the various scientific areas, such as oceanography, meteorology, 

mechanical engineering, among others, have demonstrated good results. 
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Associated with the large consumption of fuel is also the emission of exhaust 

gases and particles, which in transportation sector is about 3.3% of the global emissions 

(Qi & Song, 2012). This concern about emissions is well aware in the Kyoto Protocol, 

which interestingly excludes international shipping from emission target, due to the 

difficulty in allocating international greenhouse gas (GHG) emissions from ships to 

individual countries (Eyring et al., 2009).  

As an example, recent studies about consumes in oceangoing vessel, 

demonstrated that this sector in the year 2000 consumed between 200 and 290 million 

metric tons (Mt)1 and emitted around 600 – 900 Tg CO2 (Corbett & Koehler, 2003; 

Endresen et al., 2003; Endresen et al., 2007; Eyring et al., 2005). With this amount of 

pollutant emissions and due to the characteristics of the fuel consumed by this type of 

vessel, the emissions of NOX and SO2, it is estimated to be 15% and 4-9% respectively, 

in global anthropogenic emissions (Corbett & Koehler, 2003; Endresen et al., 2003; 

Endresen et al., 2007; Eyring et al., 2005).   

Despite the international shipping is not part of the Kyoto Protocol, the need to 

reduce emissions and consequently fuel consumption is a priority for society, because 

the NOx and SO2 emissions from shipping are relatively high during the ocean travels 

because most marine engines operate at high temperatures and has high amounts of 

Sulphur (2.4-2.7%) (Agency, 2005; Endresen et al., 2005). Foreseeing an increase in 

seaborne trade, significant reductions are needed to prevent the growth of emissions 

(Eyring et al., 2005). 

It is important to note that there are many other types of ships and more and more 

emissions can be launched into the atmosphere. Another example can be given through 

the fishing vessels, which are the largest category of non-transport ships, and contributes 

for more than one-quarter of the total fleet (Eyring et al., 2009). 

Its assume by Corbett et al. (2009) that 70% of the emission from oceangoing 

shipping occur within 400 km of the coastlines, being potentiated by emissions produce 

by fishing vessels.  This emissions can have seriously impact in air quality and pollution 

in coastal regions. To minimize this problem, exists many solutions, such as the 

alternative fuels, the hydrogen diesel, bio-oils, reducing ship speed, schedule 

optimization, electric boats and the use of fuel cell. However and according to Eyring et 

al. (2009) the most effective way to reduce fuel consumption and GHG emissions in ships 

sector, is optimizing the vessel speed, adjusting ship routes to avoid heavy conditions 

(Eyring et al., 2009). 

One of the most studied and analyzed way for reducing the fuel consumption is to 

decrease the speed during travels of the vessels. This approach needs a global analysis 

of costs and benefits, because most part of the ships have schedules and reducing speed 

may compromise the entire operation. This solution represents as well an opportunity to 

reducing CO2 emissions from shipping. So a reduction of speed combined with schedule 

of vessels, may be an interesting solution (Corbett et al., 2009) (Qi & Song, 2012). 
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With the growth of renewable energy and products exclusively electric that is 

occurring worldwide, especially in the automobile sector, the sector of ships and vessels 

has undergone small changes too. The introduction of renewable energy sources in 

vessels, still has a small scale, and it is limited to small devices that help to reduce 

electricity consumption of navigation systems, lightning systems, among other small 

activities (Zahedi et al., 2014; Seenumani et al., 2010; Tarasiuk, 2008). 

Despite the introduction of renewable energies in boats is still far from happening, 

there are already some developments in this direction, with prototypes of boats working 

exclusively with electricity, achieving improvements in the reduction of noise of the 

engines and reducing energy costs (Fuel Cells Bulletin, 2009). 

Following a trend of global concern for the environment, and an incessant search 

for new sources of energies, the shipping industry is becoming more and more on the 

political agenda, forcing this industry to be more environmentally friendly and energy 

efficient than in the past. To accomplish these objectives some new technologies are 

currently under development. One example it is the incorporation of fuel cell systems in 

board of ships, with the objective to make marine applications more clean, quiet, small, 

modular, and efficient, in order to improve all the maritime sector (Dimopoulos et al., 2015; 

Fuel Cells Bulletin, 2009 ). 

Another example is the substitution of fossil fuel by natural gas in ships industry, 

however some concerns exists despite the economic and environmental value, such as 

the potential to increase GHG emissions, especially with the methane gas (Corbett & 

Fishbeck, 1997; Brynolf et al., 2014; Lowell et al., 2012).  

Another way to reduce emissions and costs, is related with the use of biodiesel in 

the engines of the boats. Biodiesel has the ability to be less polluting than normal fossil 

fuel used by ships, however to produce biodiesel it is necessary to cultivate a large area 

of agriculture crops, being in most cases these crops associated with the devastation of 

forests to plant energy crops for biodiesel. So it is necessary a proportional ratio between 

biodiesel and petroleum diesel, to optimize costs and emissions reductions. These are 

some of the alternative fuels that can be a future solution to reduce emissions and fuel 

consumption (Marine & London, 2014). 

It is important to develop new technologies and new methods in order to reduce 

the footprint left by the shipping sector, however some of these new ways to solving the 

problem could take several years to become a reality in this sector, so currently there are 

other solutions such as the weather routing. 

Weather routing is basically the forecast of ship routing using weather and ocean 

states, such as ocean winds, ocean waves and ocean currents during voyage, aiming to 

travel at minimum fuel consumption and better reliable safety (Chen et al., 2015). Using 

this characteristics on the ocean and creating some algorithms, it is possible to define 

more efficient routes (Fang & Lin, 2014). 
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For such optimizations a reliable forecast is needed, in terms of weather and ocean 

current state. This forecast can be accomplished through the development of numerical 

models, with the capacity of producing reliable forecast of the sea and weather state. 

In some products currently using only weather forecast in their routes, the saving 

in fuel consumption has been in the order of 2-4%. Combining with ocean currents 

forecasts the effective savings can become even greater, with fuel savings in order of 

5.7% to 26.1%, by riding in favorable and avoiding unfavorable currents, respectively 

(Ishii et al., 2010; Chen, et al., 2015). 

With this potential to reduce fuel consumption and emissions, some companies 

already made some solutions using weather routing, using forecasts made by specific 

models, and sell these optimizations to the sector of ships. The solutions proposed 

actually use ship routing algorithms which can be used by ship navigators using onboard 

computers during voyage (Sen & Padhy, 2015). 

Several sources estimates that the growth of the global shipping industry averages 

approximately 5% per year, so it is necessary more and better solutions to optimize 

shipping routes, reducing the fuel consumption and emissions (Ballou et al., 2008).  

Despite several studies refer an increase in th global number of vessels, in 

Portugal, and mainly in the fishing sector this trend hasn’t been verified. An example of 

this is the reduction of 18% of the population employed in fishing, between 2001 and 

2011, corresponding to a loss of 2 892 employees in 10 years. Moreover the number of 

vessels scrapped has decreased from year to year. An example of this are the fishing 

vessels scrapped in 2012, (123), less 68 vessels than in 2011 (Estatística, 2012) 

In order to enhance the fishing sector, have been developed several efforts by 

fishermen’s associations, universities and institutes. These institutions have been a pillar 

of the fishermen in more complicated phases, both in terms of search for more scientific 

knowledge, and in terms of financial support in fishing closures. 

Projecting a greater difficulty in Portuguese fishing sector, and trying to improve 

some aspects in this sector, this work focuses on creating a software for generation of 

optimized routes, with objective to be implemented in fishing sector, achieving savings in 

fuel consumption, reduce time travel and emissions.  
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1.3. Work Structure 

In this work is made a characterization of the study area, with focus on ocean 

currents and its features. Subsequently a brief description of physical and hydrodynamic 

characteristics of the Portuguese coast is presented. 

After an introduction about the study area a characterization of the reliability of the 

most important numerical models that can produce forecasts of ocean currents is made. 

The major differences between them, their advantages and their applications will be 

identified for an overall understanding about numerical models available to predict ocean 

currents. 

Then it will be explained the entire process of creating the Software Ship Track, 

the development of technology with the objective of produce a product and create a 

company. In order to verify the influence of the ocean currents in fishing vessels were 

carried out some tests with oceanographic data, which are explained throughout the work 

and the possible results demonstrated.  

In the last chapter, is showed the conclusions with main applications for the 

technology and future developments. 
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2. Study Area 
 

2.1 General Description 

The Portuguese coast situated on the west of the Iberian Peninsula is 

characterized by several factors, such as the strong and frequent upwelling events during 

spring and summer and the two major atmospheric system, the Azores High and the 

Iceland Low. The circulation in Portugal is dominated by the Poleward Current and the 

Western Iberia Buoyant Plume (Haynes & Barton, 1990; Frouin et al., 1990; Woosteret 

al., 1976; Peliz et al., 2002; Fiuza et al., 1982). 

Costa and Esteves (2010) have produced a study, between 1996 and 2008, about 

the characterization of the maritime wave regime on the West coast of Portugal, where 

concluded that 72% of the incident waves were coming from Northwest, 24% from West, 

3% from Southwest and only 1% from North. With this characterization it is possible to 

confirm that the direction of the wave conditions, in their great majority, is from Northwest, 

that translate into a greater impact on the Portuguese coast, causing many problems to 

the coastal communities. This feature of the Portuguese coast has been study by many 

universities over the years, example of this is the study produced by Silva, (2012). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 - Study Area - Portugal 
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Taking into account the Northwest and West direction of the sea waves, imposed 

mostly by the anticyclone of the Azores, the ocean circulation is predominantly made from 

North to South along the coast of Portugal (Stojanovic & Farmer, 2013).  

Being this system of currents linked with Western Iberia Upwelling Ecosystem 

(WIUE), and considering the fact that Portugal is situated in a transition zone to warmer 

ecosystems, is promoted a fish diversity but with low abundance. One example recently 

debated in Portugal, is the case of the Sardine (Sardina pilchardus), with the reduction of 

fishing quotas (Martin, 2011). 

 

 

 

From the economic, social and cultural point of view, the knowledge about the 

dynamics of the ocean on the Portuguese coast is very important to help and save 

several activities, such as fishing, where the previous knowledge about the state of the 

ocean is very important for productivity and eventually for safety. The entrance of ships 

in ports can be also helped with the previous knowledge about the conditions of the 

Ocean. Other activities may take also advantage with the forecasts of the Ocean, in 

particular the human activities in coastline, and the preservation of ecosystems and 

archaeological monuments in Portuguese coast. 

 

 

Figure 3 - Characterization of the currents in Iberia Peninsula (Gutknecht et al., 2015) 

Currents: 

 NAC: North Atlantic Current 

 NADC : North Atlantic Drift Current 

 AC: Azores Current 

 CaC: Canary Current 

 LPC: Liguro-Provençal Current 

 AIC: Algerian Current 

 PoC: Portugal Current 

 IPC: Iberian Poleward Current 

Water Masses: 

 ENACWP: Eastern North Atlantic 
Central Water of sub-Polar origin 

 ENACWT: Eastern North Atlantic 
Central Water of sub-Tropical origin 

 MAW: Modified Atlantic Water 
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2.2 Physical and Hydrodynamic Description 

 

Portugal has a coastline with 942 km of extension, which is characterized by an 

alternation between cliffed Coast and areas with sand, with an altitude just above sea 

level. Also exist some estuaries, such as the Tejo and the Sado, and some lagoons, the 

called Ria de Aveiro and Ria Formosa. The geological accident, that occurred in city of 

Nazaré, forming the Nazaré Canyon, is also one of the most important characteristics of 

Portuguese coast, being much studied recently (Stojanovic & Farmer, 2013; Forone, 

2014). 

As mentioned before, Portugal has a very dynamic coast, with upwelling events in 

spring and summer, two atmospheric systems, two predominant ocean currents systems 

and the predominance of maritime agitation from NW. Portugal is exposed to the North 

Atlantic Ocean and has a rectangular structure, so the physical processes that occur in 

the oceanographic and climate systems are relatively complex, where the influence of the 

wind is the most important factor (Relvas et al., 2007; Fiuza et al., 1982). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

So the main forcing of coastal ocean currents in shelf it is the wind stress, mostly 

because poleward current and the Western Iberia Buoyant Plume does not penetrate into 

the shelf, due to the mechanisms of isolation (Relvas et al., 2007; Shaw & Csanady, 1983; 

Marta-Almeida et al., 2012). 

Figure 4 – Stretch of the Portuguese coast, with cliffs and beach (Lodges, 2011) 
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However, and despite the winds have a strong influence on the currents along the 

coast, the outflow of the Douro river and other rivers, has a significant influence, especially 

during the winter. An example is the Douro River outflows, that ranges from a minimum 

of 100 m3/s in summer to maximum of 17 000 m3/s during the winter (Loureiro et al., 

1986). Another factor that should be taken into account to a full knowledge of coastal 

ocean currents, especially in South of Portugal, is the influence of Mediterranean Water 

flows. This mass of water has a tendency to follow the South Coast of Portugal, 

generating in some cases mesoscale features called Meddies (Armi & Stommel, 1983; 

Richardson et al., 2007; Serra & Ambar, 2000; Frouin et al., 1990). 

 



   Numerical Models Characterization 

 

 
12 

 

3. Numerical Models Characterization 
 

The numerical models in last years were largely enhanced with technological 

developments, allowing more and better observations and forecasts in many areas, 

where the ocean has particular emphasis. So the potential of this tool that combines 

disciplines such as oceanography, mathematics, computer engineering among others, is 

very large, becoming an important tool to create hypothesis of how many systems could 

work. With this hypothetical knowledge, it is possible to analyze and predict factors which 

may affect the various ecosystems. 

In this study a brief characterization about the principal ocean model currents with 

data forecast for Portugal will be made, with focus in characteristics, current uses and the 

main potential uses to the future.  

 

3.1. Forecast Ocean Assimilation Model - FOAM 

 

The Forecast Ocean Assimilation Model (FOAM) is an integral part of National 

Center of Ocean Forecasting (NCOF). The NCOF as an objective to “establish ocean 

forecasting as part of the national infrastructure, based on world-class research and 

development.” The main objective is through their collaborators, achieve a global 

interaction between the operational forecasting capabilities and the scientific community, 

especially in the United Kingdom (UK). The NCOF is a consortium including Met Office, 

the Environmental Systems Science Centre (ESSC), Plymouth Marine Laboratory Centre 

(PML), the National Oceanography Centre (NOC) and the Centre for Environment, 

Fisheries and Aquaculture Science (Cefas) (NCOF, 2015).  

The specific project to coastal seas forecasting is the FOAM Atlantic Margin Model 

(AMM), which runs daily and is capable to provide “3-dimensional analyses and 6-day 

forecasts of ocean currents and tracers as well as several biogeochemical and optical 

quantities for the European Northwest Continental Shelf (NWS) regional seas” (NCOF, 

2015). 

According to the website of NCOF and FOAM, “the FOAM system uses the 

Nucleus for European Modelling of the Ocean (NEMO) model as its hydrodynamical core 

which has been specifically modified for use in tidally-driven regional seas such as the 

NWS”. These changes make possible the creation of reliable oceanographic data for the 

area represented in Fig. 5 (NCOF, 2015). 
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The FOAM-NEMO AMM system was implemented in early 2011, however 

“forecasting on the shelf was performed using the Proudman Oceanographic Laboratory 

Coastal Ocean Modelling System (POLCOMS) developed at the Proudman 

Oceanographic Laboratory (NCOF, 2015). 

The operational model to the Atlantic Margin, produced through FOAM, has a 7 

km resolution and is limited by- 40N-65N, 20W-13E – limits, with 51 vertical levels. This 

operational model runs daily and have 6-day forecast to the area previously referred 

(NCOF, 2015). 

To force the model is required the generation of high resolution data, such as the 

Met Office’s numerical weather prediction model with three-hourly heat and moisture 

fluxes, and hourly instantaneous fields of wind speed and surface pressure. The 

freshwater from river is introduced into the model through the European HYdrological 

Predictions for the Environment (E-HYPE) hydrological model received in real-time 

(NCOF, 2015). 

An important part in every model is the validation of the data. In FOAM model is 

performed by one team of the Met Office specialized in this task. This team also has at 

his disposal a large source of measurement platforms and the collaborations with the Irish 

Marine Institute and Meteo France. All monitoring points of NCOF-FOAM are show in 

Fig.6 (NCOF, 2015). 

The FOAM-NEMO AMM system has many potential uses, such as the ocean monitoring, 

the forecast of extreme events and ocean currents that can be critical for fishing and for 

commercial transport (NCOF, 2015). 

 

Figure 5 -Ocean currents model by NCOF – FOAM (NCOF, 2015) 
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3.2. MERCATOR 

 

Mercator is a privately-owned non-profit company that provides services involving 

operational oceanography mainly in France and Europe as whole. This company was 

founded and it is constituted by National Center of Scientific Research (CNRS), French 

Research Institute for Exploitation of the Sea (Ifremer), Institute of Research for 

Development (IRD), Météo-France and Hydrographic and Oceanographic Service of the 

French Navy (SHOM) (OCEAN, 2015). 

With the inclusion of the company in the European Environment, it was possible to 

develop the Copernicus Marine Environment Monitoring Service (CMEMS). This service 

is part of the European Earth Observation Programme (EEOP), and is an “unprecedented 

service, free, and open to all, accessible via web portal” (OCEAN, 2015). 

The Copernicus Marine Environment Monitoring Service has many of output data, 

such as water temperature, salinity, zonal and meridional velocity, free surface elevation 

and vertical diffusivity coefficient, also including atmospheric forcing, through zonal and 

meridional wind stress, penetrating heat flux, solar flux, non solar flux, salt flux, snow flux, 

Figure 6 - Data monitoring points of NCOF-FOAM (NCOF, 2015) 
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precipitation and runoff minus evaporation budget. Some diagnostic variables are also 

available like mixed layer depth (one density diagnostic, one vertical mixing diagnostic), 

sea level elevation, barotropic height, dynamic height, mass transport by density class 

through sections, meridional heat transport. With this amount of data available, it is an 

objective of Mercator to enhance new services in Europe related to the ocean (OCEAN, 

2015). 

According the website of Mercator-ocean, “The operational forecasting systems 

developed by Mercator Ocean are based on ocean models described by primitive 

equations, which assimilate in real time ocean measurements from satellite and in situ 

observation systems. There are five main functions used for operational numerical 

forecasting at Mercator Ocean: observation, modelling, assimilation which are the 3 

components of systems plus operation systems and validation or quality control” 

(OCEAN, 2015). 

 

 

 

Figure 7 - Example of ocean Currents with the Mercator Model 
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The Atlantic coast (NEATL36) is one of the largest high resolution model of 

Copernicus Marine Environment Monitoring Service  and the formulation is based on so-

called “primitive equations” and are derived from Navier-Stokes equations in a stratified 

fluid with following approximations: 

 Earth's sphericity: local gravity directed towards the centre of the Earth 

 Relatively shallow water: ocean depth small in relation to the Earth's radius 

 Hydrostatic: equilibrium between the vertical pressure gradient and the floatability 

 Boussinesq values: variations in density are not taken into account apart from their 

contribution to floatability 

 Incompressibility: the three-dimensional divergence of the velocity field is 

considered to be nil 

 1.5 order closure turbulence scheme 

 Non-linear equation of state couples the two active trace indices water temperature 

and salinity 

 No filtered free surface, time splitting 

 Tide potential. 

This model has a horizontal resolution of 1/36° from ORCA grid, between 1.7 and 

2.7 Km. The vertical resolution is formed by 50 levels, started in 1 m at the surface to 450 

m at the bottom. The flow of the rivers are also taken into account at open boundaries 

(OCEAN, 2015). 

To forcing this model is used the European Centre for Medium-Range Weather 

Forecasts (ECMWF) daily analysis, with zonal and meridional wind stress components, 

wind module, relative humidity, cloud coverage, rain and air temperature. The climatology 

used comes from Levitus 98 and the bathymetry is a combination between ETOPO2, for 

the open ocean, and General Bathymetric Chart of the Oceans (GEBCO) for continental 

shelves (OCEAN, 2015). 

The product of Mercator is operational since 2011, and since then the validation 

activity has two stages. The first stage “consists of qualitative analysis of output from 

operational chains and in-line diagnostics”, and is conducted by operators/forecasters in 

order to certify the general realism of weekly production before its distribution to users. A 

second stage known as the 'long loop' focuses on a much longer time scale, from weeks 

to months and it is undertaken by oceanographers. It is also done a systematically 

analysis of the system and phenomenological studies (OCEAN, 2015).  
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3.3. Regional Ocean Modeling System - ROMS 

 

Regional Ocean Modeling System (ROMS) is a split-explicit, free-surface, 

topography following coordinate model, built to solve regional problems and has been 

used by the scientific community in many applications (Shchepetkin & McWilliams, 2004). 

This model has potentialities in several areas such as the biogeochemical, the bio-optical, 

the dispersion of sediments and sea ice, including accurate and efficient physical 

algorithms. Many grids, multiple levels and vertical mixing schemes are also possible to 

use with this model. 

An example for an application that was realized through the model ROMS, was a 

high resolution model, with 1/27º (~ 3km) of the ocean circulation in the Iberian System, 

made in University of Aveiro with a partnership of Oceanographic Observatory of Iberian 

Sea (RAIA). According to the Website of project RAIA, partner of University of Aveiro in 

Figure 8 - Example of Sea Surface Temperature by MERCATOR – OCEAN (OCEAN, 2015) 
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the development of the application above descripted, the features needed to forcing the 

model are: 

 Ocean forcing – Mercator 

 Meteorologic forcing – Weather Research and Forecasting Model (WRF) 

 Tidal – Oregon State University (OSU) Topex/Poseidon 

 River – Soil and Water Assessment Tool (SWAT) Flow Forecast from 

(Minho, Ulla, Tambre, Lerez, Umia, Verdugo and Douro) 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to the potential in creating regional models, ROMS has the ability to 

create specific models for specific zones. An example of this feature is represented in 

Figs. 10 and 11, with an application made for Port of Leixões, in order to help the enter 

and exit of ships.  

 

 

 

 

 

 

 

 Figure 11 - Port of Leixões 
Figure 10 - Ocean Currents in Port of Leixões 

 
 

Figure 9 - Example of data by ROMS 
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  RAIA is currently developing new applications using ROMS model such as the 

distribution of contamination in coastal zones, dynamics maps with fronts and eddies, 

forecasts for wind farms, among others projects in universities and companies. 

 

3.4. Water Modelling System - MOHID 

 

According to the website of MOHID, this is a “three-dimensional water modelling 

system, developed by Marine and Environmental Technology Research Center 

(MARETEC) which belongs to Technical University of Lisbon (IST).” This model allows 

“the adoption of an integrated modelling philosophy, not only of processes (physical and 

biogeochemical), but also of different scales (allowing the use of nested models) and 

systems (estuaries and watersheds), due to the adoption of an object oriented 

programming philosophy.” The application areas that have already been target of MOHID 

are coastal and estuarine areas, as well as oceanic processes and reservoirs, 

demonstrating its ability to simulate complex features of the flows (MOHID, 2013).    

MOHID has the ability to run in different applications simultaneously as well as a 

large capacity to adapt to new application areas, allowing any dimension ( 1D, 2D and 

3D) being possible the connectivity with other models, enhanced the power of modeling. 

The possibility of MOHID to running different models in separated processors, 

communicating between them, is a great asset of this model (MOHID, 2013). 

According to MOHID this model as a framework with 3 components: 

 “Numerical tools, which provides model calculations, and other auxiliary tools and 

converters; 

 Data Exchange and Storage, saving the information produced by the model; 

 User interfaces, providing management of input data, control of program 

execution, and output results analysis“ (MOHID, 2013) 

With this potential many are the applications carried out in the last years, 

particularly works in North Atlantic to study general circulation, Oil Spills, eutrophication 

and residence times in estuaries and reservoirs. This path of evolution allowed MOHID 

to become a reliable and robust framework for future challenges (MOHID, 2013). 

Analyzing the data from MOHID, it is possible to verify that IST MOHID model 

“consists of a downscaling of the Mercator-Ocean PSY2V3 North Atlantic solution for the 

Portuguese coast, where the Finite Element Solution (FES) 2004 tide solution is added”. 

The surface forcing used are from Fifth-Generation Penn State/NCAR Mesoscale Model 

(MM5), with 9 km resolution and is run with a horizontal resolution of 5-6 km with 50 

vertical levels (MOHID, 2013). 
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Though MARETEC Lab., where the MOHID has been produced and developed, 

several applications were produced for the Portuguese coast. As an example, it was 

development forecast of the ocean and weather condition in order to inform the society 

about this features.  This model can also produce data in order to do studies in coastal 

management and marine pollution. 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

3.5. Nucleus for European Modelling of the Ocean - NEMO 

 

The NEMO is an ocean global circulation model manly used by researchers. This 

model has potential in terms of seasonal forecasting, climate studies and operational 

oceanography and so it has been widely used in Europe. According to the report produced 

by the Earth Sciences Department of NEMO, the computing resources used in NEMO 

simulations worldwide can easily exceed a billion of computing hours per year (Prims et 

al., 2015). 

Figure 12 - Ocean Currents by MOHID (MOHID, 2013) 

Figure 13 - Example of Meteocean Forecast to the Guincho 
beach, with MOHID data (MOHID, 2013) 
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Similar to other models, NEMO creates the possibility of including many different 

modules and options, providing a change in computational behavior. One of the most 

important parameters in models is the resolution of the grid, and changing this feature the 

computing performance will be affected, because when the resolution is higher, greater 

will be the time required to processing this grid. So use higher resolutions implies more 

time to processing all the time-steps, it is important to note that this feature is transverse 

to all models (NEMO, 2008). 

According to the NEMO Website, NEMO is a “state-of-the-art modelling framework 

for oceanographic research, operational oceanography seasonal forecast and climate 

studies. “It includes: 

 five major components: 

o the blue ocean, Ocean Parallelized (OPA) (ocean dynamics, NEMO-OPA); 

o the white ocean (sea-ice, NEMO-LIM); 

o the green ocean (biogeochemistry, NEMO-TOP) ; 

o the adaptive mesh refinement software (AGRIF) ; 

o the assimilation component (NEMO-TAM); 

 some reference configurations allowing to set-up and validate the applications ; 

 A set of scripts and tools (including pre- and post-processing) to use the model” 

(NEMO, 2008). 

Promoting several numerical solutions for ocean, sea-ice, tracers and 

biochemistry, NEMO also provide equations and physics that can help in the idea to 

create a main “engine” with several “environment attached to them (NEMO, 2008). 

To assure that each version of NEMO is secure, reliable and capable to produce 

ocean circulation, NEMO made a set of tests to check the code, through 3 validation 

points: 

 A set of unitary tests (reproducibility, restartability, among others) 

 Portability on different platforms 

 Coherency of scientic results for some identified configurations 

 

 

 

 

 

 

 

Figure 14 - Example of NEMO-LIM about White Ocean 
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4. Methodology 
 

4.1. PROTOTRANSFER 

As mentioned in the brief description of this work, the ability to develop a Software 

capable of performing route optimization in vessels, was possible through the 

PROTOTRANSFER contest. 

PROTOTRANSFER is part of the project INESPO II – A Network of Knowledge 

transfer between University and Enterprises, in the central region of Portugal, Castile and 

León in Spain. Many entities are part of this project, the University of Beira Interior, the 

University of Aveiro, the University of Coimbra, the Pontifical University of Salamanca, 

the General Foundation of the University of León and the Company, the General 

Foundation of the University of Valladolid, the General Foundation of the University of 

Salamanca and the Central Business Council. The objective of this project is to develop 

knowledge transfer activities, by implementation and development of a prototype, with the 

aim of produce a product or process able to be introduced in commercial market. 

This project was initiated in April 2014 and concluded in January of 2015, and is 

directed to any professor, student, doctoral candidate and graduate students in the last 3 

years of associated universities.  

For the selected projects were designed some supports for the development of the 

prototype, such as: 

 Financial Support : up to 1500€; 

 A physical Space in the University: Whenever technically possible and depending 

on the availability; 

 Participation in Workshops on industrial and intellectual protection 

 Participation in the contest about competence in the creation of technology 

companies – Iberian 2014 Edition CEBT 

 Preparation of a protection of memory results.  

With the possibility of participating in this contest many were the advantages for 

the development of the project. One of the main benefits was related to the incorporation 

of the project into an entrepreneurial environment. This characteristic allows new 

partnerships with entities capable to enhance the project. The possibility to attend 

entrepreneurship courses gave a global view of the project and important economic vision 

for the possible product.  

Being the University of Aveiro a partner of the project, the possibility of openness 

on the part of different Departments in the University, was very important in order to help 

the creation of a sustainable product capable of being introduced in the market. So it was 

developed a Software with the aim of creating optimized routes, firstly in fishing sector, in 

order to reduce fuel consumption and reduce time travel. 
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Figure 1 - Part of the code using to create a map of ocean Currents 

  

4.2. Software – Shiptrack 

Using the idea developed for the master thesis, was addressed the possibility of 

participation in the PROTOTRANSFER contest, having as objective the creation of a 

Software directed for the market. For the creation of the Software, has formed a team 

capable of developing the project, taking into account the computer development and the 

approach to the market. 

The name of the project is ShipTrack, and the objective was the creation of an 

easy-to-use software for fishing sector, to optimize ships routes, promoting fuel savings 

and/or time travel. In order to produce such optimize routes in the Software, was used 

algorithms and surface ocean currents, generated in the numerical model ROMS, from 

Ocean Modeling Group at the University of Aveiro.  

The first step to create the Software was the genaration of an environment where 

it would be possible to draw the map of ocean currents. For this was used the Microsoft 

Bing Maps, a library that allows to use existing maps.  

 

 

 

 

 

 

 

 

 

 

 

  

The data from the ROMS model from University of Aveiro have several points 

where are allocated the intensity and direction of the ocean currents. So it was necessary 

to create a “heat map” through a grid. This step is necessary to group all the data points, 

which were given as rectangular areas. After being calculated the mean square area, was 

attributed a value for water temperature, speed and direction of the ocean currents. 
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Figure 2 - Creation of a "heat map" 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

The final step was the creation of an algorithm capable of producing optimized 

routes depending the desire time and distance. That is, create an algorithm with the 

possibility to choose between a shorter or a longer route, always taking advantages of 

ocean currents, however in shorter routes the advantage of ocean currents will be smaller 

because is assumed a greater weight to the travel time. 
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The algorithm works given the starting point, then calculates all possible moves to 

get to the point of arrival. For each point that advances, if the ocean currents is favorable, 

deducts the current value, if the ocean currents is unfavorable, sum the value of the 

current. Next step of the algorithm is to reach the destination point with a value of “X”, 

from this step, if the next calculated value exceed “X”, means that this route will be worse 

than the last. If the next calculated value “X”, in the destination point, is less than the value 

previously saved in the first way, this will be the best route. 

However there are still some limitations in the algorithm, making impossible the 

use of the Software in a fishing vessel. At the current state of the Software, it is only 

possible to calculate routes based on directions North, South, East and West. The route 

calculation in directions such as NE, SE, NW and SW still impossible. Another limitation 

of the Software is the lack of vectors drawing of the ocean currents, this factor is very 

important in order to analyze the correct direction of the ocean currents. Other limitations 

is related to the exclusive operation of Software on Windows 8. 

Despite the limitations, the importance of creating an easy-to-use Software, with a 

perspective of low price, is very important due to the precarious felt in all the fishing sector. 

Thus is created a Software with aim of reducing costs associated with vessels, throughout 

an incorporation of forecasts of ocean currents. 

In Figures 18 and 19 are demonstrated two routes, between Caminha and 

Peniche, and between Peniche and Caminha, with the same ocean current data. It is 

possible to verify two different routes, that take into account the intensity and the direction 

of the ocean currents, proving an influence of this currents in the ship routes. 

Figure 17 - Part of the code to create the algorithm 
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In this example is possible to detect a route between Caminha (41.856909, 

-8.887575) and Peniche (39.354108, -9.442226), and it is possible to observe the 

difference between a route in straight line (always use by fishing vessels).  

Figure 18 - Example of Shiptrack - Route between Caminha to Peniche 
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Another example is given by the inverse route (Fig. 19) between Peniche 

and Caminha, it is possible to observe a total different ideal route.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 19 - Another example of ShipTrack, with route betwee Peniche and Caminha 
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4.3. Partnerships 

For a complete development of ShipTrack, many partnerships were necessary, in 

first place the University of Aveiro, represented by Unit of Technology Transfer - UATec, 

in second place the Ocean Modeling Group of Physic Department and CESAM. This 

partnership facilitates the provision of ocean currents data, for software development.  

In order to better understand the fishing sector, and in what way it is possible to 

guide the development of the software to the needs of the sector, many meetings and 

talks were conducted, especially with Association of Artisanal Fishing in the Region of 

Aveiro (APARA) to understand the current dimension of fuel consumption, the time travels 

and some concerns that fisherman have. 

The meetings and the talks with the people of the sea allowed directing the 

development of the Software for the needs of the sector. At the same time through the 

establishment of contacts with Port of Aveiro and the demonstration of the potentiality of 

the project, it was possible to establish a partnership with the company Testa & Cunhas 

from Aveiro, in order to perform some tests to verify the benefits brought by the forecast 

of ocean currents in fishing vessels. The company received very well the idea, giving 

many suggestions for improvement and showing available for some tests on one of its 

vessels. This company have 9 fishing vessels operating from North to South in Portugal. 

The vessel that was used to perform the tests, was the “Cruz de Malta”, commanded by 

Master Alberto.  

Another partnership achieved was held with INOVA Ria (Company Association for 

an Innovation Network in Aveiro). This partner is a key to integrate the project ShipTrack 

into the market. Through this partnership, it was possible some participation in 

conferences and business exhibitions related to technology and ocean. Thus it was 

possible to understand how the development of the Software would have to be directed 

to the market, but always following the needs of the fishing sector. 

With this type of project, was possible to participate in many entrepreneurship 

competition, such as the Social Innovation Contest, promoted by INOVA+ and the 

Metropolitan Area of Porto, which fortunately was win by this proposal, bringing some 

advantages to the project. With the victory in the contest it was possible the incubation in 

the Business incubator SANJOTEC, leading into its integration in an environment where 

the growth of the project would be much faster and sustainable. Another benefit brought 

for winning this contest was the contact with “INOVA+” an entity for mentorship, 

culminating in the establishment of a business plan. It was also possible the contact with 

Microsoft, through one member of the jury in contest.  

Other contests were won with the idea of creating the ShipTrack, such as the 

“Empreende+” promoted by University of Aveiro, and the 3rd place in the “DesafioMar” 

competition promoted by Portugal Telecom (PT). 
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Lastly, but perhaps most importantly of all, the victory in Social Innovation contest, 

brought the possibility of incubation in one of the best incubators in Portugal, the 

SANJOTEC. This partnership allowed to participate in various entrepreneurship activities, 

meet many people with other views of the project, but most importantly it was possible to 

enter into an environment able to potentiate business ideas in real markets. 

With an approach where the entrepreneurship was present, and the good results 

obtained in contests, the project gets a greater visibility, in academic and public sector. 

This visibility potentiate our partnership with Inova-Ria, and the Sea Platform in University 

of Aveiro, as well as several interviews and meetings with potential investors.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure - Partnerships achieved with the development of the project. 
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5. Incorporation of Ocean Currents in a Fishing Vessel 
 

In order to test the use of ocean currents in fishing routes, aiming to evaluate the 

reduction of fuel consumption and travel time, was established a partnership with the 

company Testa & Cunhas. After an introduction of the project and its purpose to one of 

the Administrators of the company, it was possible to establish a cooperation protocol for 

testing.  

This protocol allowed the shipment in vessel “Cruz de Malta” (Fig. 20), under the 

command of Master Alberto. This fishing vessel is specialized in trawls, having 31 meters, 

and a crew until 10 sailors. In order to verify the effect of the ocean currents on the 

dynamics of the vessel including its route, where established several approaches with 

Master Alberto. Consequently it was established the realization of 4 sea travels, where 

the first would be only for recognition of all dynamics aboard, analyzing of how could the 

effect of ocean currents in the navigation of the boat be tested. 

In first place routes already travelled by the vessel were analyzed with information 

about the speed, fuel consumption and travel time. Then all this data were analyzed taking 

into account the state of ocean currents. This analysis consisted in creating maps of the 

ocean currents for the coast of Portugal, and subsequently create ocean currents maps 

for the travel area. This maps were carried out with the program MATLAB. 

Some difficulties were experienced at different levels, in particular at the level of 

the nausea inside the vessel, causing difficulties in travel reports, photographic reports 

and a detailed analysis of all dynamics of the boat. One of the highest difficulties, was 

persuade the Master of the vessel to take different directions, taking into account the 

ocean currents at the time. On most routes, it has not been possible to carry out changes 

in ships direction, in order to take advantage of ocean currents at the time, so was thought 

a new strategy.  

With the difficulties to convince the master of the “Cruz de Malta” about the 

potential of the ocean currents, the problem was approached in a different way. So were 

analyzed every 10 minutes, the current speed, the direction of the current, the velocity of 

the current and the fuel consumption at the moment, in order to analyze the effect of 

ocean currents in shipping route and fuel consumption. All these factors were analyzed 

taking into account the estimated time travel (provided by the MAXSEA Software inside 

the ship), and the real time travel. It is important to note that the estimated time travel is 

provided by a program already used by “Cruz de Malta”, the “MAXSEA”, and that this 

program don’t use any oceanographic data to predict the best rout or the time travel. 

This methodology used to verify the advantages of using ocean currents, brought 

some results, with the verification of oscillations in speed and fuel consumption, according 

to the state of the ocean currents. 
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5.1. Analysis of Routes Traveled on “Cruz De Malta”  

The analysis of the route carried out aboard the vessel “Cruz de Malta”, intended 

to verify the influence of ocean currents in the navigation. Every 10 minutes the vessel 

speeds and instant fuel consumption were analyzed, in order to compare with ocean 

currents and the estimated travel time. It is important to note that the force exerted on the 

engine of the ship is constant, in order to verify changes in ship speed due to external 

factors such as ocean currents. 

Four trips were made aboard the “Cruz de Malta”, where the first sea travel was 

performed in order to understand all the dynamics of the vessel, all equipment behavior 

and all the mechanisms in fishing sector. Later the first sea travel was analyzed taking 

into account the ocean currents, with the aim of promoting route optimizations in the ship. 

The data used in Software was forecasted from the ROMS model of University of 

Aveiro, while the data for analysis in MATLAB come from MOHID model of MARETEC in 

Lisbon. Most of the analyses are performed using MATLAB, due to the fact that the 

Software is still in Beta version, not being able to create optimized routes properly. 

 

 

Figure 20 - Cruz de Malta Ship 



   Incorporation of Ocean Currents in a Fishing Vessel 

 

 
32 

 

5.2. October 7 of 2014 

In October 7 of 2014, was weld the first sea travel on the ship “Cruz de Malta”, and 

as stated before, a reconnaissance of the sea travel was performed, essentially to know 

all the boat dynamics.  

In this ocean travel were made 4 trawls, starting at 4:00 am in Port of Aveiro, and 

finished at 3:00 pm, with arrival at the port of Aveiro at 6:00 pm. This ocean travel was 

characterized by a constant interaction with the entire ship’s crew, in order to get more 

information about fishing and characteristics of the boat. 

The experience on the boat was pretty good, it was possible to learn more about 

fishing and how is the fishing sector in Portugal. If was curious to notice that the Master 

Alberto of “Cruz de Malta”, has a very long career in the sea, not only in Portugal but also 

in other countries. With this experience aboard was possible to understand the influence 

of ocean currents in ship dynamics. When the movement of the boat was contrary to the 

direction of the ocean currents, the oscillation of the boat was much higher and the speeds 

were reduced, maintaining the same effort on the engine. 

Although the data collected in this sea travel was of little relevance, it was possible 

to verify the enthusiasm of the ship’s crew about the work. They analyzed the ocean 

currents and compare in real time, stating that knowing the ocean currents is usefulness 

and important to the navigation and for the safety of the crew and of the ship. 

 

 

Figure 21 – Route performed in “Cruz de Malta” on 7-10-2014 
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5.2.1. Route and Ocean Currents 

In the first ocean travel, the realized route is identified in Fig. 22, and it is visible a 

route in straight line between the point 1 (40º 38.3800' N 8º 46.0200' W) and the point 8 

(40º 33.0600' N 8º 59.8200' W), this route took 1 hour to made. 

The ocean currents, with directions of NE and E, are essentially against the movement 

of the boat, with a relatively weak intensity, in the order of 0.05m/s. 

 

 

In the second route, identified in Fig. 23, where fishing activities were carried out, 

it is possible to verify a trajectory less linear than the previous one. This second route 

started at point 10 (40º 30.4320' N 9º 06.8760' W) passing by point 11 (40º 27.8000' N 9º 

11.2000' W), 12 (40º 18.6400' N 9º 17.1800' W), 13 (40º 17.2000' N 9º 14.4800' W) 

finishing the second route at the point 14 (40º 17.5260' N 9º 14.0220' W).  

It is possible to verify that the ocean currents between point 10 and 11 are against the 

ship movement, with weak intensity in order of 0.1 m/s. Between the point 11 and 12, the 

ocean currents affect the vessel in a perpendicular way. Finally, between points 12 and 

14, the ocean currents are in favor with the movement of “Cruz de Malta” with an intensity 

of 0.1m/s. 

 

 

 

 

Figure 22 - First Route performed in “Cruz de Malta” in 07-10-2014, between points 1 and 8, with direction 
and velocity (m/s) of the ocean currents. 
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In the third route, the travel between points 15, 16 and 19 has a route mostly 

straight. In this travel were carried out fishing activities at low speeds, where the direction 

of the boat has to be constant in order to be able the trawl to catch fish. 

The ocean currents have a NW direction, with a relatively weak intensity, of the 

order of 0.1 m/s. This direction and intensity of the ocean currents can improve the 

movement of the boat, however with the ship trawling, the speed and the direction have 

to be constant. So the force exerted on the engine can be lower, due to the fact that ocean 

currents are partially in favor of the ship movement. This assumption was conducted by 

Master Alberto, proving the forecast of ocean currents data as well as the influence of 

ocean currents on the boat. 

 

 

 

 

 

 

 

 

Figure 23 - Second Route performed in “Cruz de Malta” in 07-10-2014, between points 10 and 14, with 
direction and velocity (m/s) of the ocean currents. 

Figure 24 - Third Route performed in “Cruz de Malta” in 07-10-2014, between points 15 and 19, with 
direction and velocity (m/s) of the ocean currents. 
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In the last route of the day, started in point 19 and finished at point 24 – Port of 

Aveiro – this trajactory was essentially at straight line. This is the return travel to the port 

of Aveiro, to unload the fish and rest. The ocean currents have a higher intensity 

(0.125m/s) than the previous routes, and NW direction, which can affect the route of the 

ship. It is important to note that the force of the engine is constant throughout the route.   

 

 

 

 

 

 

 

 

 

 

 

 

5.2.2. Ship Speed 

In order to verify the influence of ocean currents, the speeds along the route were 

analyzed, taking into account the ocean currents. It is important to note that only trips to 

the fishing spots and the travel to the port of Aveiro were analyzed, because during the 

trawling the effect of ocean currents in the ship is irrelevant. 

Table 1 - Technical Data from first route in 7-10-2014 

Table 2 - Technical Data from fourth route in 7-10-2014 

Hour Velocity (kn) Travel Point 

16,20h 11,7 19 

16,22h 11,3 20 

16,30h 11,2 21 

16,40h 10,8 22 
   

Media 11,25  

 

 

Hour Velocity (kn) Travel Point 

01,19h 10,9 1 

   01,30h 11,3 2 

01.40h 11,4 3 

01,50h 11,2 4 

01,57h 11,7 5 

02,00h 11,1 6 

02,10h 11,1 7 

02,22h 10,5 8 

   

Media 11,15  

Figure 25 Fourth Route performed in “Cruz de Malta” in 07-10-2014, between points 19 and 24, with 
direction and velocity (m/s) of the ocean currents. 
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 Due to the fact that this is the first ocean travel on “Cruz de Malta”, the data 

collected were of low relevance, due to the small amount of information gathered along 

the sea travel and to the problems in the craft’s directions. However it was possible to 

note that exist a speed reduction along the point 19 and 22. With the information acquired 

inside the vessel, it was impossible to relate this decrease with other factors, such as the 

fuel consumption and the estimated time travel. 

 

 

 

 

 

 

 

 

 

Graphic 1 - Velocity between point 1 and 8    

 

 

 

 

 

 

 

 

 

Graphic 2 - Velocity between point 19 and 22 
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5.3. April 22 of 2015  

In April 22 of 2015, was performed the second sea travel on “Cruz de Malta”. In 

this route were analyzed with Master Alberto some changes in directions of the ship to 

the fishing spot, in order to take advantages of ocean currents. 

In this ocean travel were made 3 trawls, starting at 6:00 am in Port of Aveiro, and 

finishing at 4:00 pm, with arrival at the same point. This ocean travel was characterized 

by a new equipment installed on the ship, capable to show the instantaneous fuel 

consumption of the boat. With this new equipment it was possible to analyze in what 

circumstances the variations on fuel consumption and changes in speed happen. 

On this route were conducted several trawls between points 3 and 10. During this 

phase of the journey the analysis of the influence of the ocean currents in the navigation 

of the boat is limited, due to the specific work that is performed by the fishing vessel.  

 

 

 

 

 

Figure 26 – Route performed in “Cruz de Malta” on 22-04-2015 
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5.3.1. Route and Ocean Currents 

In the second travel, the first route is identified in Fig.27, and it is visible a route in 

straight line between the point 1 (Port of Aveiro) and the point 2 (40º32.0552’ N 

9º23.5506´W) and another straight line to the first trawl in point 3 (40º23.283’N 

9º28.713’W). 

The ocean currents near of Aveiro are against to the movement of the boat with 

directions to SE and along the route the ocean currents changed to North. The intensity 

of ocean currents is weak in order of 0.05m/s in the point 1. Near the point 2 the ocean 

currents are higher (0.1 m/s) and the direction is to N. The next travel was realized 

between point 2 and 3, with stronger ocean currents (0.15 m/s) and opposite directions, 

it is expected a change in speed and fuel consumption of the boat.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 27 - First Route performed in “Cruz de Malta” in 22-04-2015, between points 1 and 3, with direction 
and velocity (m/s) of the ocean currents. 
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The second and third route are characterized by fishing operation with the trawls, 

between points 3 and 9. In this phase of the travel, it was impossible to obtain more 

information about the effect of the ocean currents in the route of the ship due to the trawl. 

However it is possible to verify the direction of ocean currents to NE and after hours 

trawling, the ocean currents have changed in direction to SE. The intensity also changed 

from a route to the other (0.15 m/s to 0.175 m/s). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 28 - Second Route performed in “Cruz de Malta” in 22-04-2015, between points 4 and 6, with direction 
and velocity (m/s) of the ocean currents. 

Figure 29 - Third Route performed in “Cruz de Malta” in 22-04-2015, between points 7 and 9, with direction 
and velocity (m/s) of the ocean currents. 
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The last route of the day (Fig.30) was realized between the points 10 and 13. First 

the route between point 10 (40º35.6465’N 9º19.1355’W) and point 11 (40º45.313’N 

9º15.982’W) and later the route between the point 11 and port of Aveiro. 

The ocean currents in the first part of the route, between points 10 and 11, has an 

intensity in order of 0.175 m/s with direction to W. In the next part of the route between 

point 11 and 13 (port of Aveiro), the direction of the ocean currents changes on the middle 

of the route, from SW to S and NE and the intensity of the current decreases. With these 

variations of intensity and direction of the ocean currents are expected some changes in 

speed and fuel consumption. 

 

5.3.2. Ship Speed 

In this travel was possible to get more information about fuel consumption, in order 

to verify the influence of the ocean currents in the navigation of the ship. Therefore were 

analyzed speed and fuel consumption in different periods of time, especially in the routes 

of the ship, not including periods of fishing activities.  

In the first few notes about fuel consumption and ship speed, it’s noted a high fuel 

consumption and a decrease in the speed near the point 2. These oscillations can be 

related to the increase in the intensity of ocean currents, as well as to the perpendicular 

direction of the ocean currents during part of the route.  

 

 

Figure 30 - Fourth Route performed in “Cruz de Malta” in 22-04-2015, between points 10 and 13, with 
direction and velocity (m/s) of the ocean currents. 
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Table 3 - Technical Data from first route in 22-04-2015 

Table 4 - Technical Data from fourth route in 22-04-2015 

Hour Fuel 
Consumption 

Velocity 
(kn) 

Travel 
Point 

    

16,15h 158,2 10,8 10 

16,25h 160,4 11,1  

16,35h 154,9 11,1  

16,45h 158,3 11,1 11 

16,55h 163,7 11,1  

17,05h 119,7 10,5  

17,20h 152,8 10,9 12 

17,30h 149,5 11,1  

17,40h 154,1 10,8  

17,50h 146,1 11,1  

18,00h 156,1 11,5 13 

    

Media 152,16 11,01  

 

 

 

 

 

 

 

In the fourth route, returning to Aveiro, it is possible to verify increases in fuel 

consumption. This factor may be linked with the increase of the weight of the ship, due to 

the fish that was caught. It is still possible to verify that when the boat passes through 

areas with higher ocean currents the fuel consumption is higher, and when travels through 

areas with lower ocean currents the fuel consumption is weaker and the ship speed 

remain virtually the same. 

 

 

 

 

Hour Fuel 
Consumption 

Velocity 
(kn) 

Travel 
Point 

    

03,11h 136,1 10,4 1 

03,25h 141,7 10,4  

03,32h 138,5 10,3  

03,41h 141,1 10,3  

03,49h 141,8 10,4  

04,02h 142,2 10,1  

04,14h 136,5 10,1  

04,25h 135,8 10,3  

04,34h 141,1 10,4  

04,43h 142,1 10,3  

04,55h 144,8 10,4 2 

05,08h 139,6 9,7  

05,14h 138,5 9,8  

05,24h 138,7 10,1  

05,34h 138,1 10,4  

05,42h 137,4 10,6  

05,50h 142,4 10,6 3 

    

Media 139,79 10,27  
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Graphic 3 - Fuel Consumption and Velocity in the first route 

Graphic 4 - Fuel Consumption and Velocity in the third route 
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5.4. April 24 of 2015 

In April 24 of 2015 the third travel in “Cruz de Malta” was performed. In this day it 

was possible to receive information from other equipment inside the boat, given data 

about the total fuel consumption. Due to the fact that during the trawls, it was not possible 

to interfere with suggestions of changes in the route, was made a deeper knowledge of 

the ship and the crew aboard. 

In this sea travel were made 2 trawls, starting at 6.30 am, and finished at 12.45 

pm, with the arrival at port of Aveiro at 2:30 pm. The route performed this day was shorter 

and with less trawls than in the previous days, due to the large amount and quality of the 

fish caught. In the third sea travel, the first route was characterized by a long travel of 

3.30 hours, started in Port of Aveiro and finished in point 2 (40º23.8716’N, 9º28.2635’W). 

The first route of the day, was conducted in a straight line as show in Fig.31, followed by 

two others straight lines between point 3 (40º30.4999’N, 9º14.3453’W) and Port of Aveiro 

(40º 38.6480'N, 8º 44.9720' W).  

 

 

5.4.1. Route and Ocean Currents 

During the first route, between point 1 and point 2, the ocean currents are 

characterized by an increase of intensity along the travel: started weak (0.01 m/s), 

increased to 0.1 m/s in the middle of the travel, and in the point 2 the ocean currents 

achieved values close of 0.2 m/s.  

Figure 31 – Route performed in “Cruz de Malta” on 24-04-2015 
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The ocean currents direction started to West, but along the travel the direction of 

ocean currents changed from North to South, affecting the boat perpendicularly. This 

direction of ocean currents affected the dynamics of the boat, which had more oscillation 

and deflect the boat from the pretended route. Therefore it was necessary carry out 

various adjustments in the pretended route, correcting constantly the course of the trip.  

 

 

 

 

 

 

 

 

 

 

 

 

The second route of the day, characterized by 2 trawls, started at 6:30, near the 

point 2 (40º23.8716’N, 9º28.2635’W) with the first trawl and finished with the second trawl 

at 12:35 pm in the point 3 (40º30.4999’N, 9º14.3453’W). 

 The ocean currents in this second route of the day have an intensity of 0.225 m/s. 

Due to the fact that this ocean currents are the strongest found during the test phase, the 

effect on the ship also was higher. Taking the route and the ocean currents the same 

directions (NE), the currents effect in the ship movements was positive. Therefore when 

performing the trawl, the ship speed has to be low and the ship direction has to be 

constant, however the effort in the engine is relatively high, consuming a lot of fuel. 

Consequently with the advantage of the ocean currents in favor it was possible to reduce 

the engine stress of the boat, reducing the fuel consumption. 

The third route and the last of the day, between point 3 (40º30.4999’N 

9º14.3453’W) and port of Aveiro (40º 38.6480' N 8º 44.9720' W), was characterized by a 

2 hours travel in a straight line under strong ocean currents.  

 

Figure 32 - First Route performed in “Cruz de Malta” in 24-04-2015, between points 1 and 2, with direction 
and velocity (m/s) of the ocean currents. 
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As show in Fig. 34, the ocean currents are very strong in order of 0.3 m/s and 0.35 m/s; 

near the coast the ocean currents have decreased its intensity, however still had and 

intensity of 0.2 m/s. Taking into account the route of the ship and the direction of the 

ocean currents to SE, are expected oscillations in speed and in fuel consumption of the 

ship and a constant correction of the pretended route. 

Although the ocean currents are not in favor or against to the ships movements, 

their intensity and direction did not affected the boat negatively. Despite this situation 

were verified constant adjustments in the route, due to deviations caused by the directions 

of the ocean currents. 

 

 

 

   

 

 

 

 

 

 

Figure 33 - Second Route performed in “Cruz de Malta” in 22-04-2015, between points 2 and 3, with direction 
and velocity (m/s) of the ocean currents. 

Figure 34 - Third Route performed in “Cruz de Malta” in 22-04-2015, between points 3 and 4, with direction 
and velocity (m/s) of the ocean currents. 
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5.4.2. Ship Speed 

 

In order to verify the influence of the ocean currents in the ship speed and fuel 

consumption, new information was given by the new equipment on board, which shows 

the total fuel expense. The data collected about the ships speed and the fuel consumption 

were taken from the route between points 1 and 2, and between points 3 and 4. 

Through the data collected in real time on the boat, it is possible to note that in the 

first half of the travel was found lower fuel consumption than during the second half of the 

trip. The increase in the fuel consumption is not too high, but is relevant. The ship speed 

was also higher in a small scale, but the increase is visible in the respective graphics. 

These small changes in the first route, can be related with the changes in the ocean 

currents intensity in the middle of the route. The total fuel consumption, in this first route 

was 724 liters.  

Table 5 - - Technical Data from first route in 24-04-2015    Table 6 - - Technical Data from third route in 24-04-2015 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   

 

  

Total Fuel 
Consumption 

1º Route 
(point 1-2) 

Begin 21140 l 

Hour Fuel 
Consumption 
(l/h) 

Speed 
(kn) 

Consumption 
(l) 

      

03,15h 115,6 9,8  
 
 
 
 
 
 
 
 

724 l  

03,20h 110,3 9,8 

03,30h 104,5 9,9 

03,40h 108,7 9,7 

03,50h 111,1 9,4 

04,00h 109,3 9,3 

04,10h 110,4 9,5 

04,20h 112,3 9,4 

04,30h 111,2 9,4 

04,40h 110 9,3 

04,50h 109,3 9,5 

05,00h 108,4 9,7 

05,10h 111,3 9,8 

05,20h 110,8 9,6 

05,30h 111,4 9,5 

05,40h 112,3 9,4 

05,50h 110,1 9,6 

06,00h 109,2 9,7 

06,10h 111,3 10 

06,30h 112,4 9,9 

  End 21864 

Media 110,495 9,61  

Total Fuel 
Consumption 

3º Route 
(point 3-4) 

Begin 22231 

Hour Fuel 
Consumption 
(l/h) 

Speed 
(kn) 

Consumption 
(l) 

    

12,40h 156,6 11,4  
 
 
 

318 

12,50h 157,2 11,7 
13,00h 155,2 11,5 

13,10h 152,4 11,5 

13,20h 158 11,2 
13,30h 158,8 10,7 

13,45h 127 10,6 
14,00h 128,5 10,4 

14,15h 124,3 9,7 

14,30h 122,7 9,6 
  End 22549 

Media 144,07 10,83  
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The third route of the day was characterized by an increase in the speed, but also 

by an increase in fuel consumption. These might be related with the intensity of ocean 

currents and the weight of the boat due to the fish caught.  

With higher intensities of ocean currents until middle of the travel, the speed of the 

boat was higher than during the second half of the route. Therefore the increase of 

intensity of ocean currents can be a factor inducing higher speed and higher fuel 

consumption of the ship. In the second half of the last route, it was verified a reduction in 

fuel consumption and ship speed. These can be linked with the lower intensity of the 

ocean currents and the need to make less adjustments in route of the ship, something 

that was constant in the first half of the route. In this route the total fuel consumption was 

318 liters.  

 

 

 

 

 

 

 

 

 

Graphic 5 - Fuel Consumption and Velocity in the first route 
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5.5. April 28 of 2015 

In April 28 of 2015 was held the last day of observations and tests, relating to the 

interaction between the ocean currents, the fuel consumption, the ship speed and the 

travel time in “Cruz de Malta”. Only in the last travel was possible to compare the 

estimated and the real time travel, due to the fact that in the days before, this information 

was not operational in MAXSEA. “Cruz de Malta” left the port of Aveiro at 3 am and arrive 

at 5.40 pm, with 2 main travels, first between the points 1 (40º 38.6480' N, 8º 44.9720' W) 

and 2 (40º38.0400’ N, 8º48.5541’ W) and 3 (40º34.0790’ N, 9º20.7424’ W), and the 

second main travel between the points 4 (40º45.3736’ N, 9º11.6612’ W) and 5 

(40º38.6555’ N, 8º44.9555’ W). 

In this travel were performed 3 trawls, started at 5:55 am and finished at 3:22 pm. 

In the last sea travel in “Cruz de Malta” ship, the first route was performed in straight line 

between point 1 (40º 38.6480' N, 8º 44.9720' W) and 3 (40º34.0790’ N, 9º20.7424’ W). 

As shown in Fig. 36, the straight line between points 1 and 3 pass through the point 2 

(40º38.0400’ N, 8º48.5541’ W). In point 2 was performed a small reconfiguration in ships 

route, due to the movement of the boat keep going to South. This movement of the ship 

may be related with the ocean currents that outside of the Port of Aveiro were to South 

and considering the course of the ship was to West. 

Graphic 6 - Fuel Consumption and Velocity in the third route 
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5.5.1. Route and Ocean Currents 

 

With the new information of estimated time in the Software of the boat, it was 

possible to check an estimation of 2 hours and 40 minutes of travel. In fact the real time 

of the travel was 2 hours and 25 minutes, so the travel time has been reduced in 15 

minutes.  

The ocean currents, between points 1 and 2 have a weak intensity of 0.05 m/s, 

and a direction to South. Between points 2 and 3 the intensity of ocean currents increases 

along the travel, reaching 0.18 m/s in point 3. The direction of the ocean currents, as 

shown in Figure 36, starts to follow to SW and ends heading to NW.  

Figure 35 – Route performed in “Cruz de Malta” on 28-04-2015 
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The second route of the day between points 3 (40º34.0790’ N, 9º20.7424’ W) and 

4 (40º45.3736’ N, 9º11.6612’ W), was characterized by the 3 trawls operated by “Cruz de 

Malta” in order to catch fish. The trawls started at 5:55 am and ended at 3:22 pm.  

 The ocean currents in these hours were characterized by a strong intensity, 

between 0.18 m/s and 0.225 m/s, and a NW direction. Although the analyses of ocean 

currents during the trawls, are not important for the study, it was possible to verify more 

oscillation inside the boat. This can be inducted by the intensity and direction of ocean 

currents. This event was also confirmed by Master Alberto and by the crew of the boat. 

The last route of the day, and consequently the last route of the tests, was 

performed between points 4 (40º45.3736’ N, 9º11.6612’ W) and 5 (40º38.6555’ N, 

8º44.9555’ W). In this route the estimated time travel was 2 hours, started at 3:40pm and 

finished at 5:20 pm. The real time travel was 1 hour and 40 minutes, so the time travel 

was reduced in 20 minutes.  

As shown in Fig. 38, the intensity of ocean currents is weak, in order of 0.05 m/s, 

with a direction for SW near point 4, and a direction to South along the rest of the travel. 

Taking into account the route defined by the ship and the direction and intensity of the 

ocean currents, it is expected a minimal influence in fuel consumption and ship speed of 

the boat. However the real time travel was lower than the expected, what can be related 

with direction and intensity of the ocean currents. 

 

Figure 36 - First Route performed in “Cruz de Malta” in 28-04-2015, between points 1 and 3, with direction 
and velocity (m/s) of the ocean currents. 



   Incorporation of Ocean Currents in a Fishing Vessel 

 

 
51 

 

 

 

 

 

 

 

 

 

 

This possible positive interference on the ships movement, culminating in a 

reduction of the travel time, can be explained by the fact that the ocean currents are not 

against the movement of the boat, and the relatively small intensity can be a possible 

explication to increase ship speed and reduce the travel travel.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 37 - Second Route performed in “Cruz de Malta” in 28-04-2015, between points 3 and 4, with direction 
and velocity (m/s) of the ocean currents. 

Figure 38 - Third Route performed in “Cruz de Malta” in 28-04-2015, between points 4 and 5, with direction 
and velocity (m/s) of the ocean currents. 
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5.5.2. Ship Speed and Fuel Consumption 

To verify the influence of ocean currents in the fuel consumption, ship speed and 

travel time during the fourth sea travel, was obtained information about instant fuel 

consumption, instantaneous speed, real time travel and the total fuel consumption per 

travel. The data was collected between points 1 and 3, and between points 4 and 5. 

Analyzing the data collected along the sea travel, it was possible to note an 

increase in the instantaneous fuel consumption, comparing with other days tested. In the 

first route between points 1 and 3 it is possible to note and increase of fuel consumption 

and a decrease of ship speed along the travel. Comparing with the ocean currents, was 

found an increase in the intensity of the ocean currents near point 3. In this case is 

expected that the factor increasing the fuel consumption and decreasing the ship speed 

was the ocean currents. The total fuel consumption in this route was 373 liters and the 

real time travel was 15 minutes less than the expected. 

The second route of the day and the last tested in Cruz de Malta was characterized 

by an increase of speed along the travel. The fuel consumption remained mostly of the 

time constant along the travel. With the intensity of the ocean currents mostly weak and 

the direction not being against the movement of the boat, was possible to verify an 

increase in ship speed along the travel. It was also possible to verify with the Master 

Alberto, what is the normal speed of the boat, with the conditions that exist at the moment 

(10.5 KN). Therefore, along the last travel it was possible to check some increases in ship 

speed, such as 0.2 KN and 0.4 KN in some cases. Is important to say that the fuel 

consumption remain stable most of the time. 

Table 7 - Technical Data from first route in 28-04-2015 

Table 8 - - Technical Data from last route in 28-04-2015 

Total Fuel 
Consumption 

Points – (4-5) Begin 3527 l 

Hour Consumption Speed 
(kn) 

 

15.40h 152 10,5  
 
 
 
 

323 l 

15.50h 152,3 10,6 

16.00h 154 11,2 

16.15h 155,8 10,8 

16.20h 148,3 10,7 

16.30h 150,1 11 

16.40h 157,5 10,8 
16.50h 157,2 11 

17.00h 150 11 

17.10h 156 11,4 

17.20h 152,6 11,3 

    

Media 153,2545 10,94  

Consumed  Final 3850 l 

 

Total Fuel 
Consumption 

Points – (1-3) Begin 1905 l 

Hour Consumption 
(l/h) 

Speed  

03.10h 195,6 10,4  
 
 
 
 
 

373 l  

03.20h 198 10,2 

03.30h 200,6 10,4 

03.40h 202,9 10,3 
03.50h 201,3 10,4 

04.00h 200,4 10,2 

04.20h 210,4 10 

04.40h 209,2 9,9 

04.50h 217 10,1 
05.00h 219,3 9,9 

05.10h 222 10 

05.20h 223,5 9,7 

05.35h 227,2 9,8 

    

Media 209,8 10,1  
Consumed  Final 2278 l 
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The total fuel consumption in this route was 323 liters, and the real time travel was 

20 minutes less than the expected. 
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5.6. Simulations of savings in the “Cruz de Malta”  

 

In this work it was possible to perform some observations about the influence of 

the ocean currents in a fishing vessel travels. The main objective of this work was to 

quantify the amount of savings that would be possible to obtain by using the information 

of ocean currents to optimize the routes of the ship. To find out what are the possible 

savings, was necessary collect information about many aspects, such as the 

instantaneous fuel consumption and speed, the estimated time travel and the real time 

travel. In order to perform real estimates about the fuel/time savings was also necessary 

information about the price of the fuel used, among other factors.  

  With collaboration of Mr. António Miguel Cunha, director of the company Testa & 

Cunhas, owner of the vessel “Cruz de Malta”, was possible to obtain the necessary 

information to calculate the possible savings in the ship. The average daily consumption 

of the Cruz de Malta is 2 000€, and the price of the fuel is 0.7€. 

 Interpolating some results obtained over the several days of travel, and taking into 

account the increase of ship speed in some cases, it is possible to conclude that there 

were found some fuel savings during the tests. To calculate the percentage of fuel 

savings, it is necessary to establish some general points, due to the problems that were 

found in the days of test, such as the nausea felt inside the ship, the computer problems, 

the resilience of the crew and the fatigue. Therefore it was necessary to establish some 

reference values of average speed, real time travels, fuel consumption per day, among 

others. This values are represented in Table 9.  

 

Table 9 - Variables and Reference Values 

Variables  References Values 

Average Speed 10.5 Kn 

Real time Travel 17 hours 

Fuel Consumption per day 2000€ / 2860l 

Price of Fuel 0.7€ 

Work days per Month 25 

Work months per Year 12 

 

 It is possible to make several simulations of possible fuel savings, however in this 

work will be made only 3 simulations. One simulation takes into account the time reduction 

achieved, the other two simulations take into account the increase of speed at different 

levels, first an increase of 0.7 Kn in the average speed, and the other an increase of 0.5 

Kn in average speed.  
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 The results, are represented in table 10. 

Table 10 - Values of Savings according the simulations 

Simulation Savings l/day Savings 
l/year 

Savings 
annual/€ 

% Savings 

Reduction of 
20 min.  

60 l 18 000 l 12 600€ 3% 

Increase Ship 
speed in 0.7 
kn 

153 l 45 900 l 32 130€ 7.65% 

Increase Ship 
speed in 0.5 
kn 

95 l  28 500 l  20 000€ 4.77% 

 

The reduction in time travel is also possible with the increase of the vessel speed, 

so increasing the speed in 0.7 Kn will reduce the time travel in 1 hour and 20 minutes. 

The reduction in travel time in 40 minutes, results from increasing the ship speed in 0.5 

KN.  

The experience felt inside the ship, brought the confirmation about the influence of 

ocean currents in the navigation of the ship, confirming the obtained results. These results 

were also observed and verified by Master Alberto, reveling the high importance of this 

oceanographic factor in the reduction of the cost with fuel, the reduction in the time travel 

and for the safety of the boat and the crew. 
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6. Conclusions and future developments 
 

The main goal of this work was to study the influence of the ocean currents in a 

fishing vessel activity, in order to analyze the benefits brought to the navigation of knowing 

ocean currents forecasts. For this purpose were made 4 sea travels on the ship “Cruz de 

Malta”, analyzed in parallel with the forecast of the ocean currents, from MOHID, along 

the various routes. In order to enhance all the project, it was developed at the same time 

a Software with the objective to optimize ship routes, taking into account the ocean 

currents with the aim of reducing time travel and reduce fuel consumption. 

During the 4 days of testing, a large amount of data was collected aboard the ship, 

including the speed, time travel and fuel consumption. All the data collected were 

analyzed taking into account the state of the ocean currents, in order to verify the 

influence of the ocean currents in the ship travel. Some difficulties have been experienced 

in the realization of tests, due to the fact that is being tested something totally new inside 

a fishing vessel. This resulted in some resilience by Master Alberto, which was overtaken 

by the demonstration of the potential of the project. 

The obtained results demonstrate an influence of the ocean currents on ships 

dynamics, namely on ships speed, oscillations inside the ship and fuel consumption, 

depending on the intensity and direction of the ocean currents. It was possible to estimate 

fuel savings in order of 5% and 7%, reducing time travel from 20 minutes to 1 hour and 

30 minutes. The fuel savings can reach between 12 000€/year, 20 000€/year, or 

32 000€/year, values that can influence part of the annual budget of a vessel. 

Some discrepancies were found throughout the project, but in an overview it is 

possible to understand a positive effect of ocean currents in favor, and a negative effect 

with ocean currents against the movement of the boat. These effects were visible inside 

the boat, in particular in safety, oscillations but essentially in variation of fuel 

consumptions and ship speed. 

The demonstration of the results to the Master of the ship and the owner of the 

company and also owner of the ship, were appreciated and boosters the new tests and 

new projects, with the objective to make the project a reality in fishing sector. However 

there are still some limitations, including the constant update of oceanographic data 

needed for a correct route optimization. This problem is related to the lack of a cheap 

network communication on international waters, to update the data without having to go 

back to land. However some studies have been conducted, in order to minimize this gap, 

in particular the project BLUECOM+ from INESCTEC is one of the most promising 

projects to solve this problem. 

Future developments are schedule, in particular the finishing of the Software, 

followed by further tests with the Software developed in several ships. Depending on the 

results obtained in this new phase of tests, the possibility of creating a product or service 
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will be analyzed. Other projects may be useful to the fishing industry, such as to study the 

connection between the fish abundance of the zones with highest concentration of 

chlorophyll. 

This work has been a challenge for many reasons, such as the various sea travels 

inside the boat, the constant update about the ocean currents and the interconnection 

about the potential of the ocean currents in navigation of the ship. The results were 

considered positive and so the software development has been continued and new 

partnerships made. 
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