
USE OF WATERWAY TRANSPORT INTEGRATED TO 
URBAN TRANSPORTATION SYSTEMS IN AMAZONIAN 

CITIES: A VISION OF SUSTAINABLE MOBILITY 

MAISA SALES GAMA TOBIAS1, RUI ANTÓNIO RODRIGUES RAMOS2  
& DANIEL SOUTO RODRIGUES2 

1Institute of Technology, University of Para, Brazil 
2Escola de Engenharia, Universidade do Minho, Portugal 

ABSTRACT 
Over time, in Amazonia, water transportation became a penetration and occupation vector, defining 
flows over the region by settlement locations and influencing the supply process of either freight or 
passengers. However, in urban areas with river fronts, road transport prevailed, wasting the potential 
offered by water transport. This could be used as complementary, integrated, and, therefore, be a factor 
of social inclusion and promotion of sustainable mobility. In this article, an exploratory study of 
integrated intermodal transport was undertaken, in a strategic planning vision for Belem, Brazil, based 
on literature review, using databases of transport surveys from pre-existing studies and on-site 
observation of the city of Belem. The challenges were discussed in terms of an analysis scale covering 
integration dimensions, as well as presenting a possible intermodal network, integrating urban and 
water transportation. Among the results, it was noted that on the mainland, water transportation is 
desirable, to escape from urban road traffic, reducing costs and minimizing travel times. It was also 
observed that all Belem areas with one interconnecting road, regardless of distance and travel time to 
downtown, are more developed and, therefore, more valued than the insular areas; therefore it is 
supposed that an intermodal network could improve accessibility for islands’ population, promoting 
social inclusion. In general, the use of water transport integrated to global urban transportation systems 
seems possible, but there are many questions to be solved in the implementation of that mode in Belem. 
Keywords:  water transport, integration, cities, sustainability, mobility. 

1  INTRODUCTION 
The concept of integrated transport has become an important guiding principle for 
undertaking institutional and structural transport policies in several countries. It is now 
widely recognized that policies, which allow for increased mobility, especially, by car are 
manifestly unsustainable [1], [2]. The adverse impacts of road travel include congestion; 
noxious emissions and air quality deterioration; global warming (CO2 emissions); use of non-
renewable resources; casualties of accidents; damage to health and insecurity; noise and 
vibration; social polarization and public expense. The last decades have seen the recognition 
that policies to manage the volume of car travel are inevitable. 
     Situations like this, related to supremacy of auto in large urban centers and its adverse 
effects, led to sustainable development studies for cities, to reverse the situation and bring 
quality of life to people. Until then, there were many articles about sustainable development 
without any explicit linkages to mobility or transport. Similarly, the mobility concept 
addressed without linkages to a sustainable development. Consequently, mobility could be 
defined as a function of two variables. The first one, the tangible realization of travel needs 
in the form of actual movements. The other one, referred as the potential for movement, a 
personal or group categorization, functioning as a limitation of the first variable [3]. 
However, transport growth generated increasing environmental impacts hardened by the 
growing share of road transportation [4] and traditional approaches to cope with the transport 
growth, such as predict and provide strategies, were no longer sustainable options. Mainly, 
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due to the induced demand by enlarged infrastructure capacity [5], being proposed 
approaches combining demand and supply of transport with other types of instruments and 
analysis levels; they have been potentially better approaches [6]. 
     OECD stated that technological improvements and innovation must be pursued, but alone 
are not the solution [7]. Integration was much harder to define as it can encompass so many 
different things, many different actions could be thought of as representing an integrated 
approach. In other words, it was worthwhile to consider different approaches to transport 
integration, considering what exactly was integrated with what? Wherein integrated transport 
was better viewed as scalar in nature, with higher levels incorporating lower levels. 
Essentially the highest-level holistic strategy may be described as that which brings together 
all of the perspectives in a coherent way. While such a strategy contains little that is new, the 
high level of integration between different policy strands as aim is to ensure that 
environmental, economic and transport policy measures are working in harmony to reduce 
the need for travel, and reduce the impact of journeys made.  
     Many elements in social, economic, environmental, transport and land use policies are 
integrated in such a way that the whole system has a greater value than the sum of the parts. 
This is a systems led or holistic approach [8], [9]. This level provides the best opportunity 
for a more sustainable transport system and is the benchmark against which all integrated 
transport strategies should be tested. A further development would be to integrate transport 
policy into key social policy areas to include those who use and provide transport systems, 
and others with a stake in transport who are not usually involved, such who suffer transport 
generated noise and vibration. Also involved would be those who operate trip-generating 
sites, who would be asked to consider the travel impact of their operations. Particular 
examples, within the public sector, include health and education services [10]. 
     Summing up, sustainability and integration ideas have evolved from concerns about the 
environmental impact, new and existing, voiced within the land use planning system, to 
incorporate social, economic, and sometimes ethical perspectives. Sustainable development 
practice requires that economic growth simultaneously supports the needs of everyone and 
conserves natural resources, and that social policy underpins economic performance and 
complements environmental policy. In this context, they can be seen several works on the 
concepts of sustainable mobility, theories and models, making it the central theme of 
planning and a paradigmatic element in policies for the transformation and urban 
regeneration [11]–[13]. 
     Several projects in the world raised from the conception of integrating urban spaces, based 
on strategies and policies for sustainable urban development, with investments in the urban 
regeneration of waterfronts – in Rotterdam, Barcelona, Liverpool, Valencia, Vancouver, 
Tokyo, Hamburg, Amsterdam, Genoa, Glasgow, Antwerp, Copenhagen, etc. – are well-
known experiences. They can be interpreted as transition experiments [14] and express the 
creativity and resilience of cities against the pressures of change, by highlighting the 
capability of cities to transform themselves and to maintain their identity. In recent years, 
with globalization phenomenon, cities in internationally have undergone radical 
transformations – both physically and conceptually – in the way the territory is inhabited and 
experienced. The changes have involved ways and means to circulate through the urban 
spaces; the concept of border has itself progressively lost and relationships between public 
and private spaces have changed. The contemporary cities, complex and stratified, have been 
transformed into shapes, structures and uses [15], [16]. 
     Within this vision of sustainable mobility, this article developed an exploratory study of 
integrated intermodal transport, in a strategic planning vision, in Belem, Brazil, based on 
literature review, using databases of transport surveys from preexisting studies and on-site 
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observation of Belem. It was discussed the challenges in terms of analysis scale covering 
integration dimensions, as well as presenting a possible intermodal network, integrating 
urban and water transportation. Strategic approach was focused on physical and 
environmental factors, a spatial vision, with emphasis on urban mobility and land use, 
however, noting the economic and social issues involving the downtown and the periphery 
areas, including islands. Finally, this article reported the challenges in using of water 
transport integrated to urban transportation system, in special, in Amazonia city, as way to 
promote sustainability in central areas, in addition to social inclusion to peripheral areas. 

2  ANALYTICAL THEORETICAL BASES 
Strategic planning vision in urban mobility passes by challenges of meet the people needs on 
social, economic, environmental and political levels, to bring about a significant shift from 
the car to other ways of travelling, such as walking, cycling and public transport. The studies 
shows a range of types of integration, and highlight the problems in developing an effective 
integrated strategy, given the number of variables involved [17], [18]. Thus, this article 
started from the premise that integration should be designed to serve agreed objectives of 
transport policy, rather than being an objective in its own right. Successfully implementing 
this strategy will lead to: greater social equity; more efficient transport for both people and 
freight; less pollution caused by transport; better air quality and less noise. This means an 
analysis of transport network integration covering variables of land use and operational 
efficiency of transport, encompassing minimization of environmental impacts and 
technological adequacy, towards a more ecologically suitable environment. 
     Therefore, the methodological approach of this study was based on the construction of 
intermodal transport network in order to all people should be able to move around 
conveniently and safely; reducing the number, length and need to make journeys; whilst 
reducing journeys by car and promoting a healthier lifestyle. Based on the existing studies, 
whose list was not intended to be exhaustive, however, within the vision of sustainable 
mobility planning, a scale of analysis covering four dimensions of integration was proposed: 

i) Modal dimension: allows analysis of the integration of existing modes, defined as the 
integration of some or all of the different public transport modes (mainly trains, buses, 
taxis and boats) into the public transport system. These modes support and 
complement each other and operate as a coordinated public transport system, while 
providing an effective efficient and affordable service to the user. To implement 
integrated transportation system, the following aspects should be achieved in a 
project, preferably as many as possible: an integrated network, proper transfer 
facilities, a common ticketing and fare system, through an information system. Modal 
transport integration must be so developed as to give higher priority to public transport 
than private transport by ensuring the provision of adequate public transport services 
to discourage private transport [19]. An effective modal integration system should 
meet on movement of people; in cooperation among and support of different 
government levels; on availability of funds and on clarity of government policy; in 
formalization and regulation of transportation, with institutional proper framework 
and proper planning. 

ii) Transport and land use dimension: linked, intrinsically, by the direct influence that 
has the land use in the generation of trips. New transportation infrastructure can help 
shape land uses by increasing the accessibility of spaces and the mobility of users 
[20]. In addition, the new interaction of flows offers to some existing user time saving 
on highway network over their current routes and destination, thereby increasing 
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demand for new development on these spaces. These pressures can result in land 
development around and require improving mobility and producing powerful effects 
on land use; as other transportation investments can produce induced growth, in 
similar way. 

iii) Social dimension: related to interests of all those in need of transport, it is important 
concern for sustainable mobility [21]. Lack of access and mobility prevents people 
from being able to break out of the cycle of social exclusion. Transport is a derived 
demand; it is not normally an end in itself but a means to realize other activities, which 
the end that it supports is the provision of access to activities of all kinds. The concern 
is whether people can access key services at reasonable costs, in reasonable time and 
with reasonable ease. The social dimension of transport is underpinned by three values 
and principles namely equity, accessibility and mobility [22]. 

iv) Environmental, economic and transport policies dimension in a holistic perspective: 
policies are referred to as bottom analysis for a sustainable transport, observing 
environmental dimensions in impacts of human activities on changing local and global 
environments. Economy development is the process of a community’s growth or 
progress towards economic goals, such as increased wealth, employment, productivity 
or ultimately welfare. The specific focus on environmental and economic issues 
should be used to decision making in transportation on levels of analysis, being 
governance, funding and infrastructure [23], [24].  

3  A CASE IN AMAZONIA: BELEM INTEGRATION ON A SUSTAINABLE 
MOBILITY VISION 

In Amazonia, the first cities emerged from early expeditions of colonizers to its rivers. 
Economy is based on tourism, trade and services activities but, outside urban areas, 
agriculture and fishing are predominant. In general, the urban morphology is radial, with 
downtown located in the initial historic part, along the waterfront [25]. The most important 
regional transportation mode is the boat, and in urban areas are other modes of transportation, 
mainly motorcycles and cars. In this universe, the city of Belem, in Brazil northern region, is 
a typical Amazonian city with an important waterfront, capital of a Metropolitan Region of 
the same name, gateway of Amazon. Capital of Para state, with 1.5 million population; it is 
located in a peninsula, in front of Guajara Bay, and comprises two sectors: mainland and 
islands.  

3.1  Modal dimension 

At the city and region initial foundation, in the 17th century, the main mode of transport in 
Belem was the waterway transport. This mode of transportation was predominant for intra-
urban connections, for four centuries and, in the urban area, motorized and no motorized 
modes were used for small distances. There was an isolated railroad initiative linking Belem 
to others cities, which was closed in the first part of the last century. Even, in the last century, 
there was introduction of trams in urban areas, but at first decades in the century, only. The 
impulse in urban transport came to occur after World War II, when trams were replaced by 
buses. The spatial configuration of public transport by bus followed and it was determinant 
in the process of urban occupation. After the buses and the boats to islands, came individual 
modes of public transportation, such as taxis, moto taxis and vans. A special feature is the 
fact that the transport system is multimodal, but without integration. Urban centralities, which 
constituted over urban occupation, proved responsible for the evolution and intensity of 
transport flows and the consequent development of the road network in recent decades [26]. 
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However, without focus on people displacements; without proper cooperation and support 
from different levels of government; without the availability of financing funds for 
transportation and without the clarity of government policy, or in the formalization and 
regulation of transportation, lacking the adequate institutional structure and proper planning 
[27]. Currently, the integrated system is at the level of plan and project, without effectiveness 
neither large variations in modal split into public transport [28], as can be seen in Table 1. 

Table 1:  Modal split of transportation in Belem. (Source: JICA/SEDURB/COHAB, 2009.) 

Year Private Public Total
2009 1,043.252 1, 724.093 2,767.345
2013 1,225.666 1,859.999 3.085.665
2018 1,504.806 2,006.348 3,511.154
2025 1,969.663 2,238.954 4,208.617

3.2  Transport and land use dimension 

Belem emerged at the mouth of the Amazon River, in the interest of ensuring the defense and 
with prospects of economic control of the region. Economic expansion brought new phases 
of occupation until the 19th century, with water transportation the main support of regional 
access. During World War II were donated lands for military purposes in Belem, on the 
border of the first phase of urban occupation; the so-called institutional belt, currently, named 
transition area. After this belt, in the following decades, from 1950 to 1970, the urban road 
network has expanded to new roads, which came to be stimulated by new economic and 
housing investment to the present day. Urban occupation occurred faster than expansion of 
transport network, emphasizing problems of accessibility and transportation supply, mainly 
in periphery areas, with individual transportation predominating [29]. The intermodality was 
configured by the combined use of road and water transportation of passengers and cargoes, 
but without integrated system planning [30]. Only in the last two decades that the integrated 
planning vision came with the spatial configuration of the system shown in Fig. 1, with 
interconnections to bus corridors integration on mainland and physical connection in some 
ports. 

3.3  Social dimension 

The differences in accessibility of central and periphery areas are justified by significant 
investments in the former and to the accelerated and disorderly growth of the latter. This 
makes the location as a determinant social production to social exclusion. Thus, the provision 
of urban structure, together with urban transport network, are characterized for three urban 
space units occupied: central area, transition area (where is the institutional belt) and 
expansion area. As it moves away from central area, there is a reduction of road network, 
transportation supply and employment opportunities. This configures a spatial segregation 
process whose models are treated on several academic studies, standing out, in the case of 
insular area of Belem, the trip reasons. A 2009 study [28] indicated the main reasons for 
traveling from islands to mainland were work (20.1%); health (10.4%) and study (9.3%); 
while what attracted the people from mainland to islands was leisure activity (47.97%), 
firstly. Regarding income, in the islands, it has been estimated that 55% of the population has 
average income from $US48 up to $US146, over this decade; while on mainland, the average 
income in the last decade was $US517. Income is important to access transportation services, 
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Figure 1:  Main public transport network. Bus corridors in the city of Belem. 

considering generalized costs, determinants to reach equity, accessibility and mobility, social 
dimensions of transportation. The most recent studies show that there were no significant 
changes in the data presented [31]–[33]. 

3.4  Environmental, economics and transport policies 

In Amazonian city, is crucial to consider environmental or ecological dimension of impacts 
of human activities in changing local and global environments. In Belem case, the 
transportation system clutter and, its consequent lack of integration, demonstrates a lack of 
public policies. The economic structure is sustained by the third sector, as commerce, services 
and government activities, with 91% of total jobs, with one-third of all jobs concentrated at 
Belem’s downtown and its surroundings [33]; which raises the importance of integrating 
waterway transportation to promote social and economic inclusion of island population and 
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to encourage tourism flow that comes from mainland. There are many issues to be determined 
in pursuit of policies for integrating transport, economy and environment, despite the specific 
focus on environmental and economic issues have triggered the first integration studies. 
Among them, to making decision on the governance of the transport system, municipal or 
metropolitan, for the financing of transport and infrastructure. In fact, there are no defined 
and effective public policies capable of undertaking intermodal integration. 

4  DISCUSSION 
The goal is to provide higher service mobility at lower costs, but also improving the quality 
of transportation services for all city of Belem, in face to evasion of demand from public 
transport to individual transportation. Thus, cconsidered the challenges to be faced by public 
management by the integration of waterway transport mode to the urban transport system, 
the analysis of the integrated dimensions undertaken on the case study shows several 
important aspects for the feasibility of using that mode in the city region. 
     The first challenge we identified is the need to integrate the waterway mode in the city 
transportation planning process and the creation of intermodal services in the nodes of 
connection to all existing modes Moreover, from an operational perspective, the physical and 
tariff point of view are also important to the total integration. In this case, it is necessary 
proper cooperation and support from different levels of government, with adequate 
institutional structure and planning. 
     The second challenge is the need to expand transportation infrastructure to support 
population growth and to be adapted as an organizational element in the urban sprawl process 
and land use regulator. The inclusion of this new mode in the global transport system, the 
city accessibility levels could increase opportunities for employment and people’s access to 
basic health and education services. In a social dimension, the challenge is the need for social 
inclusion of people nowadays outside the public transport system, for economic and social 
reasons. Hence, investing in accessibility and financial conditions, as well as in transport 
support infrastructure, the global transportation system become safer and inclusive. 
     The third challenge, there is specific need to elaborate and support the transportation 
public policies for the sustainable mobility by integrating the economic and environmental 
policies in the global policy of the city for sustainability goals. The map of Fig. 2 shows the 
eight island areas of Belem with regular water transportation displacements observed in loco 
nowadays. The map identifies the waterway transport routes and the respective areas of origin 
and destination. If the waterway transport routes links to mainland could be connected to the 
main public transport network of the city (showed in Fig. 1), an integrated intermodal 
transport network could be proposed as shown in Fig. 3. That suggests an integrated public 
transport system combining waterway transport and urban transportation and could serve the 
region in an integrated way, if the waterway routes observed in the areas of Fig. 2 is connected 
in modal transfer points to the public transport network of Fig. 1. Obviously, found as 
possible good solution for the transportation modes of the city, however, this is a proposal 
that needs more specific financing and operational studies. 
     Finally, in Amazonian cities, integration depends not only in elaboration, but also in the 
application of urban transport policies considering water transport within urban mobility 
systems. Most of big cities of Amazonia were founded along banks of rivers, which indicates 
their natural potentiality for use waterway transport. There is also the need to change modal 
culture, both population and technicians of government bodies. In short, as pointed in this 
article, all dimensions of analysis need to be met and the possibility of different modes, 
disconnected nowadays, should be a priority for modal integration. 
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Figure 2:  Waterway transport routes from mainland to islands. 

5  CONCLUSION 
This article has taken a future perspective on transport and sustainability, drawing attention 
to possibility in the use of intermodal integrated transport in Amazonia, with a case study in 
Belem, Brazil. As any realistic consideration of the future, no guaranteed conclusion can be 
drawn directly from this study. Although, the study is very important to the understand some 
scenario including the waterway mode in the transport system and in each analysis dimension 
has allowed to observe the critical aspects and to foresee changes in the development process 
of the urban area, inducing the configuration identified in the Fig. 3. 
     This study confirm that the intermodal physical integration of the waterway mode is 
possible, but requiring complementary studies to analyse the economic and operational 
viability. Moreover, a more equity and sustainable urban environment could be developed by 
an integrated transport strategy extended to the waterfront of the city. 

622  The Sustainable City XIII

 
 www.witpress.com, ISSN 1743-3541 (on-line) 
WIT Transactions on Ecology and the Environment, Vol 238, © 2019 WIT Press



 

Figure 3:  Waterway transport integrated to urban transportation. A draft system. 

     Finally, integration of all modes of transport is a challenge for public transportation 
policies of the city and for all the region. Nowadays, the situation, in face of the social context 
empirically observed, looks like a very clear the necessity of investments in new 
transportations solutions, mainly, for the attendance of economic activities and population; 
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that has the central urban area as destination for the most basic activities. In general, the 
integration of systems seems possible, but there are some specific questions to be solved and, 
which can be explored in later studies. 
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