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A B S T R A C T   

Since the seventies, cities all over the world are rediscovering their rivers. Recreational uses of the urban streams 
are becoming popular and public access to the waterfronts is being improved. This has led to the construction of a 
wide variety of public open spaces on the riverfront with different ways of interacting with the river ecosystem. 

In this research, we elaborate a classification of riverfront parks and walks based on two criteria: the position 
of the open space within the river corridor and the access possibilities from the open space to the water. To verify 
the applicability of the classification framework, seven Spanish urban rivers have been studied. 

Results derived from the classification process show that public recreational riverfronts can be categorized into 
three classes: floodplain, upland and raised spaces. Within the floodplain spaces, fluvial subclass can be 
distinguished from riparian subclass in that the former allows greater access to water. The case study confirms 
the viability of the classification system and it is useful to describe the open space classes. 

We found that, despite their spatial characteristics, design and use can be almost unlimited, there are patterns 
associated with each class. The methodology developed and its application (1) allows to know the amount of 
public spaces in the urban river corridor, (2) gives an organizing framework for understanding river-city rec-
reational interactions and (3) facilitates the assessment of the ecological state of the riverbanks.   

1. Introduction 

Urban river corridors have a great potential to function as a key part 
of the green infrastructure (Asakawa et al., 2004; Bae, 2011), offering, in 
many cities, the main recreational areas (Prominski et al., 2017). Rivers 
link city dwellers to nature through landscape (Pellicer, 2005; Bilgili and 
Gökyer, 2012; Ahern, 2013), acting as physical connectors to trade 
routes through the urban area (May, 2006; Keith et al., 2018) and 
providing valuable ecosystem services to residents (Macdonald, 2007; 
Bae, 2011; Everard and Moggridge, 2012). 

In urban areas settled around water bodies, interactions between 
citizens and water takes place through the “waterfront”. This term is 
analogous to different words such as city port, harbourfront, riverside, 
river edge, water edge and riverfront (Timur, 2013). Its meaning differs 
from one author to another and its academic interpretation has evolved. 
Silva et al. (2004) describe it as “the direct contact zone between the 
river and the first line of buildings”. For Moretti (2008), it is “the urban 
area in direct contact with water”. Recent studies adopt a more 
ecological perspective and refer to it as an “interface area” or a 

“transition zone” between urban development and water (Yassin et al., 
2010; Brighenti and Mattiucci, 2012; Samant and Brears, 2017) (Fig. 1). 

As this study is focused on rivers, we mainly use the term “riverfront” 
and we do refer to it as a transition area rather than a direct contact 
zone, taking the water’s edge as a reference. 

Riverfront characteristics can differ substantially from one city to 
another (Doménech et al., 2008; Forgaci, 2018) and along the same 
urban river stretch (Hofmann et al., 2012), varying from a more “nat-
ural” environment to a maximum control and artifice (Manning, 1997). 
In some places, river corridors have been preserved and still retain their 
ecological function, in some they are landscaped and cosmetically 
managed, and in some they are ignored (Gregory, 2006; Shi et al., 2018). 
To understand riverfronts, much attention should be given to the natural 
features of the river stretch and the historical, political and social 
background of the city where they are set (Gunn, 1977; Hussein, 2006; 
Timur, 2013; Gusmaroli, 2018). 

On one hand, a key factor in the river-city relation is the river’s 
geographical setting (Díaz and Ollero, 2005). The morphology of the 
valley, river space width and the shape of its banks are fundamental 
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elements that influence the riverfront development (Gunn et al., 1974; 
Doménech et al., 2008; Chen et al., 2018; Forgaci, 2018). As stated by 
Silva et al. (2004) and Díaz and Ollero (2005), valleys with large and flat 
floodplains are generally more developed (Fig. 2) while in embedded 
and closed valleys urban development is less frequent. 

On the other hand, historic urban development has played a key role 
in the current configuration of many riverside spaces and their inte-
gration into the city (Yassin et al., 2010). Worldwide, natural river 
margins have been transformed (McBride and Gerhard, 1995; Allan, 
2004), because urban planning has failed to adequately consider them 
(Timur, 2013; Redzuan and Latip, 2016). 

In preceding centuries, embankments favored the construction of 
long buildings such as warehouses or industrial plants, transport in-
frastructures, small factories and private buildings upon the river banks 
(Che et al., 2012). As a result, in the second half of the last century many 
urban riverfronts of developed countries were morphologically and 
ecologically degraded (Gurnell et al., 2007; Wantzen et al., 2016) and 
due to uncontrolled industrial waste waters and urban sewage dis-
charges, waters became contaminated (Kondolf and Pinto, 2017). 

Channeling and water pollution caused a disconnection between city 
dwellers and rivers (Che et al., 2012), but since the seventies, a civil 
environmental awareness started growing (Kibel, 2007) as well as 
policy-makers experienced a new interest on urban rivers (Gusmaroli, 
2018). With improvements in sewage disposal and due to the aban-
donment of port activities and the relocation of industry linked to the 
rivers, some riverside locations were seen as desirable for residential, 
commercial and, above all, recreational developments (Sudia, 1974; 
Lerner and Holt, 2012). At that time, rehabilitation projects emerged 
with the aims of enhancing riverfronts and reattaching people to the 
water edges (Attia and Ibrahim, 2018). 

Since then, riverfront rehabilitation projects have been a well- 
established worldwide trend (Gunn, 1977; Che et al., 2012) and 
river-city relationship is being recovered by improving the social con-
nectivity of the rivers (Kondolf and Pinto, 2017; Iojă et al., 2018). As a 
result, activities around instreams and banks are increasing as well as 
diversifying (Sairinen and Kumpulainen, 2006). 

Nowadays, public access to the water edge is considered an indicator 
of success in riverfront developments (Cengiz, 2013; Timur, 2013) and, 
due to the implementation of urban green infrastructure projects, large 
multifunctional open spaces can be found near the rivers around the 
world (Zhang, 2002). 

These spaces are often known as greenway because they follow a 
linear pattern (Lindsey et al., 2001). However, their spatial and design 
characteristics are very varied: we can find wildly looking, “pristine”, 
and inaccessible nature open spaces as well as domesticated ones 
(Hofmann et al., 2012), which can be landscaped or hardscaped 
(Kantartzis et al., 2006; Macdonald, 2018). Moreover, riverfront spaces 
can be either independent of the river system, or they can manifest a 
deeper physical interaction with it. 

The environmental and design characteristics of these spaces, as well 
as their degree of integration with the river, condition the type of public 
recreational activities. Furthermore, they disturb the ecological state of 
the river system and affect the urban flood resilience as well as the 
sustainability of the city. All these issues influence the quality of life of 
citizens. 

Due to the wide variety of public areas existing on the river-city 
contact zone, the current trend to create green spaces near streams 
and the need to improve riverbank developments, we consider it is 
important to study urban public riverfronts. The purpose of this work is 
to create a framework that facilitates the comprehension of river public 
spaces and may guide to an adequate planning and management of the 
riverside recreational spaces. 

In this research, we analyze and classify riverfront open spaces. The 
objectives are as followed: (1) to develop a classification framework for 
riverfront parks and walks, (2) to apply the framework on seven Spanish 
urban rivers, and (3) to explain the main features of each category. 

Before developing the classification, we analyze riverfront de-
velopments with the aim of creating a general idea of public space 
patterns. After presenting the organizing framework, the classification is 
applied with the objective of checking its validity as well as describing 
each class of open space in more detail. Results obtained in the case 
studies allow us to discuss the characteristics of the riverfront classes 
and their distribution in the selected cities. These research findings and 
others derived from the work are discussed on section six. 

2. Methodology 

To carry out this research, a comprehensive literature review and 
multiple field observations have been conducted. The employed scien-
tific literature was used to contextualize and increase the knowledge of 
the field of research. This theorical framework, along with an observa-
tional study, has served to develop the classification of riverfront public 
spaces. 

The classification framework and the description of the categories 
have been built from a detailed analysis of national and international 
cases, mainly in Spain, Portugal, France and the USA. The observational 
study of riverfronts has been carried out in different ways. Firstly, 
numerous urban riverfront public spaces have been visited. Fieldwork 
has contributed to analyze the physical relationship between the rec-
reational space and the river corridor. For this purpose, we collected 
data related to spatial characteristics, design and use of the public space. 
Furthermore, the profiles of the riverbanks were drawn to facilitate the 
interpretation of that relationship. Finally, these spaces were photo-
graphed for posterior analysis. 

In addition to on-site visits, Geographical Information Systems (GIS) 
have been used to consult those cases that could not be directly 
analyzed. Historical and current orthophotographs, as well as digital 
three-dimensional views, were useful for the study of riverfronts. On the 

Fig. 1. Interpretation of riverfront zones according to previous (left) and current studies (right).  
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other hand, GIS have served to interpret fluvial space in urban areas 
through the use of flood maps. 

All this methodology work is supported by multiple consultations 
with experts in the fields of waterways and urban planning. 

2.1. Methodology of the case studies 

A more detailed analysis of the riverfronts was carried out for the 
case studies. Therefore, a rigorous fieldwork, where all the riverbanks of 
each city have been visited, was necessary. The work was carried out 
during the months of July and August 2019. Two days per case were 
required to collect the whole information. 

Before visiting the cases, public riverfronts were identified by using 
orthophotographs. Following this, a data collection table was built for 
each previously mapped riverfront stretch (Fig. 3). In this table, public 
riverfronts were identified and open spaces were segregated in types, as 
well as assigned to a riverfront class. Finally, additional information 
related to (1) space design, (2) spatial characteristics, (3) integration 
with the river and (4) use of the space, was collected. In addition, river 
margin sections were drawn and, when appropriate, comments were 
written down. 

Collected data was transferred to ArcGIS and then analyzed using 
Microsoft Excel. The information was processed in order to know the 

distribution of the classes and the general characteristics of each class. 

3. Organizing riverfront open spaces 

As stated above, riverfront open spaces are very diverse and depend 
on multiple factors. However, we normally find large differences be-
tween riverfront developments on heavily channeled river stretches and 
lightly modified ones. 

In channelized river stretches, where water edges show a geometric 
pattern (Manning, 1997) and the natural extent of floodplain is con-
strained by embankments and buildings, adjacent space for public use is 
often small (Kondolf and Pinto, 2017). In these areas, artificial uses and 
hardscapes are more frequent (Fig. 4). 

In rivers where a part of the original shape of the corridor is pre-
served, more space is available and –when the morphology of the river is 
favorable– riverbanks are usually allocated as green non-buildable zone 
that is reserved for leisure time or recreation (Kantartzis et al., 2006; 
Prominski et al., 2017). These areas are more natural and the amount of 
“soft surfaces” such as parks, gardens and urban forests is usually higher 
(Silva et al., 2004) (Fig. 4). 

Channeled stretches are often found in the inner city, where densi-
fication policy strategies have intensified the planning and building of 
riverfront areas (Sairinen and Kumpulainen, 2006; Prominski et al., 

Fig. 2. Valley shapes that are frequently urbanized. Based on Silva et al. (2004) and Díaz and Ollero (2005) research.  

Fig. 3. Open space classification and additional information.  
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2017). Non-channeled stretches are more frequent in peripheral urban 
areas, where usually there is more room for the river (Silva et al., 2004). 

River recreation developments follow a “ribbon” pattern in most 
cities (Gunn, 1977). That is, activities dispersed throughout the river 
corridor such as walking, cycling, sightseeing, boating, nature walks, 
etc. Public recreational activities take place in open spaces (Fabos, 1995) 
which can be parks, streets, plazas, sporting fields, private backyards, 
balconies, etc. (Byrne and Sipe, 2010). There are many types of open 
spaces; however, our research is restricted to publicly accessible ones, 
excluding those in which pedestrian access is not permitted or is limited 
by the use of the open space. For instance, a sporting field located close 
to a water edge may be public, but it is limiting pedestrian access to the 
river to its users. In other words, the enjoyment of the river is condi-
tioned by the use of such recreational space. 

After conducting a literature review and some field observations, we 
found that walks and parks are the most common open spaces along 
rivers and those in softscapes can be distinguished from those in hard-
scapes. Walks in the former ones can be recognized as “greenways” and 
in the latter as “urban walks”. Greenways and parks are mostly green 
(Panduro and Veie, 2013) but they mainly differ in that greenways 
follow a linear pattern (Ahern, 1995; Lindsey et al., 2001; Keith et al., 
2018) (Fig. 5). 

Urban walks cross a wide range of uses and they can also be part of a 
plaza or a street (Byrne and Sipe, 2010). In densely populated cities, they 
are often wider and have a promenade character (Macdonald, 2007): 
therefore, they usually have recreational, cultural, and commercial at-
tractions directly on them (Macdonald, 2018). 

In this paper, we refer to all this variety of public waterfront de-
velopments as “open spaces”. 

These spaces are connected forming a network system (Keith et al., 
2018) that is often interrupted by roads or buildings resulting in walk 
segments and green islands (Bae, 2011). They can be developed at the 
water edge or in a setback position and their vertical distance to water 
can vary. Some occupy zones at different levels forming multilevel 
riverfront open spaces (Fig. 6). 

4. Classification framework 

Two processes can be distinguished in this section: (1) the descrip-
tion of the key principles of the classification and (2) the assignment of 
the riverfront open spaces into classes. Some considerations in the 
classification process are also explained. 

4.1. Key principles of the classification 

Our key principles to classify riverfront walks and parks are (1) the 
position of the open space within the river corridor and (2) the physical 
accessibility from the open space to the water. 

To define the position, we must consider the main regions of a river 
corridor and the local-scale interventions that modify the floodplain 
natural form. 

A river corridor is the area of the valley that the river needs to 
maintain physical/geomorphic equilibrium (Kline and Cahoon, 2010). It 
is conformed by the river channel, riparian zones, floodplains and the 

Fig. 4. A channelized (left) and non-channelized (right) urban river stretch. River Piles in Gijón and river Tormes in Salamanca, Spain. Photos by Francisco Durán.  

Fig. 5. Example of greenway (1), urban walk (2) and park (3) located on Logroños riverfront (Spain). Photos by Francisco Durán.  
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transitional upland fringe (FISRWG, 1998) (Fig. 7) but, depending on 
the valley morphology and urban development, these regions may vary 
in width or may not exist. 

The riparian zone encompasses the stream channel. It is the transi-
tional area between terrestrial and aquatic ecosystem where vegetation 
is influenced by elevated water tables or flooding and by the ability of 
the soils to hold water (Naiman and Decamps, 1997). Topographic 
floodplain is a highly variable area that is flooded at some interval (from 
frequent to rare). Finally, the upland fringe is the transitional zone or 
edge between the floodplain and the surrounding landscape (FISRWG, 
1998). 

As stated in the introductory section, urban rivers show considerable 
changes towards an undisturbed pattern because human actions have 
modified the natural floodplains (Silva et al., 2004). Without consid-
ering the impoundments, the most common interventions on urban 
rivers are embankments, flood walls, hardened banks, filled banks and 
simplification of the channel (Kondolf and Pinto, 2017). These defenses 
and flood barriers can be built on the shore edges (Fig. 8) and/or in a 
setback position showing a wide range of combinations (Saraiva et al., 
2001; Silva et al., 2004). 

Big embankments as well as bank fillings disturb the original shape 
of the riverfront by creating raised spaces that are not floodable. 
Consequently, open spaces in these areas must be distinguished from 
those located in not highly modified and raised zones. 

Apart from that, the relationship of the open space with the river can 

also be analyzed in terms of "water accessibility". Accessibility is judged 
by connections to surroundings, both visual and physical (Hussein, 
2006; Che et al., 2012), so visual access can be differentiated from 
physical access to the water (Silva et al., 2004; Hussein, 2006; Kondolf 
and Pinto, 2017). 

Water accessibility depends on several factors such as (1) the hori-
zontal distance from the public space to the water edge, (2) the vertical 
distance from the open space ground to the water level and (3) the 
physical and visual barriers between the water and the open space 
(vegetation, fences, walls, breakwaters, stones, etc.) (Fig. 9). Even more, 
visual access varies according to the season of the year and physical 
access requires a more gentle bank slope. 

Because the number and kind of recreational activities in a riverfront 
varies depending on the possibilities of access to water, the degree of 
physical accessibility to the river channel can characterize and differ-
entiate an open space. 

We determine the following types of water physical access along the 
open space: regular, occasional and non-accessible (Fig. 10). We 
consider that interaction with the river is greater when the access to the 
water along the open space is regular. 

4.2. Classifying floodplain open spaces 

Considering the criteria of the classification, open spaces that are on 
the floodplain are distinguished from those located out of it. Riverfront 

Fig. 6. Variations in the location of the riverfront open spaces with respect to the distance to the water.  

Fig. 7. Cross section of a symmetric natural corridor.  
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parks and walks that are not in a floodplain, can be located in a natural 
region of the river corridor or over an artificial elevated zone. We refer 
to the former as “upland spaces” and to the latter as “raised spaces”. 
According to this, we identify three main classes: (1) floodplain, (2) 
upland and (3) raised (Fig. 10). 

In a second level of the classification, we discern open spaces with 
regular access to water from those with occasional or no access to water. 
As frequent physical access is only possible when vertical distance is sort 
and banks are not steep, this key principle is only applicable to the 
floodplain class. Floodplain spaces with regular access to water are 
referred to as "fluvial", and those with occasional or no access to water, 

are named “riparian” (Fig. 11). 

4.3. Considerations in the classification process 

In the classification process, we must take into account the following 
considerations:  

1 Some recreational activities take place into the natural riparian zone 
and it is difficult to delimitate the public space. For that purpose, we 
look at what has been planned or adapted for citizen use. 

Fig. 8. Natural river margin (A) and common water edge barriers.  

Fig. 9. An illustration of some visual and physical water barriers.  

Fig. 10. Water accessibility types along a riverfront greenway.  
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2 Sometimes it is difficult to know if the open space is in a floodplain 
from aerial images. Should we not come to a conclusion when 
analyzing vertical distance and shape, natural vegetation can serve 
as an indicator of the influence of water. Furthermore, flood maps 
can be useful to determine whether a park or a walk is in a floodplain. 
For this purpose, we recommend the use of flood maps related to the 
100-year return period.  

3 We classify riverfront open spaces in a neighborhood scale, creating 
walk and park segments. There is no minimum length of riverfront 
that can be attributed to a single “class”. It varies depending on the 
city size and the purpose of the classification work.  

4 In the classification, it must be considered that parks and walks can 
change their level longitudinally and laterally; that is, along and 
across the river margin. If the level changes along the margin and we 
move from one river corridor region to another, the park/greenway/ 
walk must be re-categorized. A multilevel park can occupy more than 
one region of the river corridor. In this case, its category is defined 
according to the position that occupies the area that is closer to the 
water and, if applicable, by the degree of water accessibility. 

5. Verifying the classification 

With the objective of assessing the elaborated classification as well as 
describing each open space class in more detail, a study has been carried 
out in seven urban rivers of different Spanish cities. 

The selected cases respond to the following premises: (1) Riverfronts 
are in an urban context, occupying a diametral or eccentric position in 
relation to the city (Silva et al., 2006), (2) each case has a wide range of 
public uses on the riverfront, (3) the natural features of rivers differ from 
one case to another and (4) some river stretches preserve a part of their 
natural conditions while others are highly modified. 

Relevant information about the study cases is shown in Table 1 and 
their geographical location is represented in Fig. 12. 

6. Results 

Results are presented in two parts. The first is focused on the study 
cases while the second one describes the classes. 

Fig. 11. Representation of the classes in an urban river corridor.  

Table 1 
Information of the study cases. (TWO-COLUMNS).   

City name Population River name Valley shapea River widthb Biogeographical region Channelized 

1 Gijón 271 780 Piles B Small Atlantic Yes 
2 Bilbao 346 843 Nervión E Medium Atlantic Yes 
3 Pamplona 201 653 Arga A Small Mediterranean No 
4 Logroño 151 136 Ebro E Large Mediterranean No 
5 Burgos 175 821 Arlanzón B Small Mediterranean No 
6 Valladolid 298 412 Pisuerga C Medium Mediterranean No 
7 Salamanca 144 228 Tormes E Large Mediterranean No  

a Classified according to sketches of Fig. 1. 
b Classified according to Silva et al. (2004). 
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6.1. Test results 

A total of 96 km of urban river margins have been analyzed dis-
tinguishing 264 riverfront segments. Parks and walks are present in 81 
% of the urban riverfront while in the remaining 19 % there is no free 
pedestrian access along the riverbank. With regard to the categories, the 
riparian class is the most abundant (37 %) followed by the raised (34 %), 
fluvial (17 %) and upland (12 %) classes (Fig. 13). The distribution of 
classes is exemplified in Fig. 14 with the case of Pamplona. 

6.2. Description of classes 

The analysis of Spanish riverfronts was useful to describe the cate-
gories in more detail. However, field observations of foreign cases were 
needed for a comprehensive description of each category and were also 
necessary to illustrate designs that are not found in our study cases. 

In the following subsections, we focus on describing the main spatial 
characteristics, common designs, possibilities of interaction with the 
water and recreational uses observed in each class. The own prepared 
sketches and photographs are shown for a better understanding of the 
described categories. The graphic content represent the most common 
spatial and design characteristics of the water edge open spaces. 

6.2.1. Floodplain spaces 
They are common in urban rivers that preserve a part of their fluvial 

territory. Because these areas are flooded with varying recurrence 
(except where a flood wall has been built), softscapes with river vege-
tation are frequent. However, floodable paved-spaces can also be found 

within large urban areas (Fig. 15). 
Flora species are influenced by the floods and/or water-table levels, 

if the river channel is not concreted or limited by masonry walls. Urban 
infrastructures are normally compatible with flooding (or are adapted to 
it) and recreational uses are restricted to flood-free periods. Floodplain 
spaces usually offer room for events, sports and leisure facilities, 
sunbathing meadows, barbecue areas and playgrounds. Spontaneous 
uses and unplanned elements such as desire lines and water entries are 
frequent in floodplain parks and greenways. 

As stated above, fluvial and riparian subclasses are both located in 
the riparian zone but differ mainly in the possibilities of access to the 
river channel along the riverbank. 

6.2.1.1. Fluvial subclass. This is a rare type in cities because many urban 
riverbanks have been transformed. Topographic conditions, space 
design and/or human maintenance actions allow a regular access to the 
river channel (Fig. 16). 

The vertical distance between the floor and the water surface is 
usually short. There are no big physical barriers along the edge such as 
flood walls, rails or fences. Some hardened banks can be found but 
gentle sloped banks, sandbanks and naturally eroding banks are more 
frequent. If shore vegetation exists, it is mostly managed. Mowing and 
clearing of vegetation are actions typically executed in fluvial open 
spaces. Visual access to the water is also favored due to the proximity of 
the space to the river and the wide permeability of the river shore. 

Recreational uses related to the river are very varied; from active to 
passive, in-stream and banktop activities can be enjoyed. Natural or 
artificial beaches allow direct access to the water inviting people to 

Fig. 12. Geographical location of study cases.  

Fig. 13. Percentages of riverfront length with free and not free pedestrian access (left) and distribution of riverfront classes in percentages (right).  
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sunbathe and swim. Gravel banks and areas of shallow water are popular 
natural playgrounds and attractive spaces for playing with dogs. These 
spaces usually make it possible to experience nature in the middle of the 
town. 

6.2.1.2. Riparian subclass. It is the most common subclass of the 
floodplain type. Horizontal distance from the space to the water can vary 
significantly and the difference in height between the sheet of water and 
the public space is normally greater than in fluvial subclasses. In riparian 
parks and walks, topographic conditions, design, hardened banks and/ 
or human maintenance actions do not favor proper access to the water 

(Fig. 17). 
Steep banks, flood walls, rails or unmaintained vegetation act as a 

barrier to access to the water. These human boundaries are more 
frequent where the bank is steep. Water visibility is varied. 

Banktop recreational activities are more frequent in this class. 
However, in-stream uses such as rowing or jumping can also be 
observed. Desire paths and water edge approaches are frequent in ri-
parian open spaces. 

6.2.2. Upland spaces 
These open spaces are in valleys with vertical bluffs and terraced 

Fig. 14. Accessible and non-accessible riverfronts (left) and open space classes (right) in Pamplona.  

Fig. 15. Loire River in Orleans, France. Image source: Photo by Juan José Pons.  

Fig. 16. Fluvial parks in different riverfront segments of Burgos. Photos by Francisco Durán.  
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plains. The upland fringe zone is not easy to identify in urbanized valleys 
with broad floodplains and when it does exist, it is usually far from the 
river channel. These spaces are naturally out of the floodplain, placed on 
the river slope. Two different upland spaces are found: those located on 
a lower-middle terrace or an excavated hillslope and those placed on a 
bluff top (Fig. 18). The former are often greenways and the latter varies a 
lot. 

Upland parks and walks are usually connected to riparian zones but 
separated from the water. Their vertical and horizontal distance to water 
vary depending on the corridor morphology. As it is separated from the 
water by a riparian zone and/or a steep slope, direct access to the water 
along the space is not possible. Depending on the topography, some 
occasional planned entries can be seen but water edge approaches are 
normally spontaneous. 

Water visibility is, as in the case of the riparian spaces, varied. In 
spaces that are among vegetation water visibility may be obstructed, 
while those placed on the upper terrace may have a great view of the 
river. 

Recreational activities in upland spaces are generally independent of 

the river but people may feel attracted to them due to the presence of 
nature and scenic views. 

6.2.3. Raised spaces 
They are located on artificially elevated areas that are not flooded. 

Levee greenways can be differentiated from other parks and walks 
located on big embankments and refilled banks (Fig. 19). In addition to 
these types, a less frequent raised space is the “floodwall walk”. This 
kind of open space is a walk on a concrete big wall that was previously 
built to avoid floods (Fig. 20). Leaving aside the design, its interaction 
with the river and its use are similar to those of the levee greenways. 

In this class, elements (plants, urban furniture, infrastructures, etc.) 
and designs can be chosen regardless of the river presence. 

Levee greenways are more common in the urban periphery. They are 
usually landscaped. This space stands far from the water edge for most of 
the year. Because of this, access to the water along the walk is not usual; 
however, some unplanned approaches to the riparian zone and to the 
river shore can be found. The topographic elevation can create a good 
view of the water but it varies depending on the amount of shore 

Fig. 17. A riparian park in Pamplona (left) and a riparian greenway in Burgos (right) with different landscape designs. Photos by Francisco Durán.  

Fig. 18. A middle terrace greenway in Valladolid (left) and a bluff top park in Pamplona (right) with different landscape designs. Photos by Francisco Durán.  
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vegetation. Paths for cyclists are especially popular on the dike top. 
Raised walks and parks located on embankment and refilled banks 

are more frequent in areas where buildings are close to the river. 
Promenades are normally paved and formal landscape designs are pre-
dominant in green spaces. Rails and walls are frequent on the water 
edge. Balconies, overhangs and suspended walkways can be seen in this 
category (Fig. 21). Unplanned walks and uses are rare. 

High, vertical, masonry edge walls prevent human access to the 
water. River access is occasional or does not exist; however, it can be 
improved with steps down to the water, docks and floating islands. In 
contrast, when there is no shoreline vegetation, visual access to the 

water along the riverfront is formidable. 
Recreational activities in these latter spaces can be varied and, as 

stated in section two, walks can be accompanied by many urban forms, 
such as commercial facilities and cultural services. 

7. Discussion 

Due to the different phases of the research, this section is divided in 
three parts: methodology of the classification process, results derived 
from the study cases, and classification results. 

Fig. 19. A levee greenway in Pamplona (left) and an embankment walk in Bilbao (right). Photos by Francisco Durán.  

Fig. 20. A floodwall walk in Richmond, USA. Image source: Google Maps.  

Fig. 21. A view of a dock promenade (left) and a suspended walk (right) in Bilbao. Photos by Francisco Durán.  
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7.1. Methodology of the classification process 

We first reviewed the classification works of open spaces without 
considering the river. We found that there are several open space clas-
sifications (Byrne and Sipe, 2010; Carmona, 2010; Bilgili and Gökyer, 
2012; Panduro and Veie, 2013; Nor and Abdullah, 2019) but there is no 
uniform categorization in the world at present, and the defined classes 
are continuously modified (Huang et al., 2018; Nor and Abdullah, 2019; 
Xu et al., 2019). In fact, its definition in the literature varies substantially 
(Waltert and Schläpfer, 2010). The same goes for parks (Xu et al., 2019). 

Public urban riverfront spaces can be varied (Forgaci, 2018) but we 
have noticed that walks and parks are the most frequent types. Walks 
can be classified in "greenways" and "urban walks". Greenway is a 
generic term (Ahern, 1995) which can sometimes be difficult to differ-
entiate from what we recognize as "urban walks”. However, since we 
refer to them as “open spaces”, this issue is not important in our work 
and does not pose a problem when classifying. 

In this regard, it is important to state that the identification of riv-
erfronts in which public access is not limited, can allow us to know the 
balance between publicly and non-publicly accessible spaces in the 
urban river corridors, which may indicate the value given by planning 
authorities to the presence of rivers in terms of public utility (Silva et al., 
2004). 

After identifying the open spaces, we have classified them according 
to the criteria previously defined. We adopted a socioecological 
approach in the classification process by considering the relationship 
between the open space and the river system. This relationship is firstly 
defined by the position of the space within the river corridor and sec-
ondly, by the possibilities of water access along the edge. These two 
criteria are the key principles of our classification because they condi-
tion the planning, management and even the recreational activities in 
public space. 

Physical and visual access are important to characterize riverfront 
spaces. Water visibility is a determinant factor in the pedestrian use of 
the riverbank (Pflüger et al., 2010). However, it was discarded as a 
criterion because it usually varies significantly along the same riverfront 
open space. 

In the classifying process, it is crucial to understand the natural river 
characteristics and how the morphology of the river has been altered 
(Redzuan and Latip, 2016; Cengiz, 2013), in order to identify whether a 
space is on a floodplain. This step may require the intervention of a 
specialist or the use of specific cartography tools. 

7.2. Results derived from the study cases 

The application framework confirms the feasibility of the classifi-
cation and allows us to reflect on the obtained results. 

Results show that public access along the riverfront is frequent in the 
selected cities, indicating that rivers are important from a social point of 
view (May, 2006; Macdonald, 2007; Everard and Moggridge, 2012). In 
addition, according to several authors (Pellicer, 2005; Bilgili and 
Gökyer, 2012; Ahern, 2013), we found that green areas are common in 
the riverfront. 

Excluding upland spaces − that are often out of the riverfront zone 
and depend, to a great extent, on geographical conditions − the fluvial 
class is the least frequent. This makes sense because it usually represents 
a high-frequency flooding landscape with natural designs that contrast 
with the static townscape (Prominski et al., 2017; Dyson and Yocom, 
2015). Instead, riparian open spaces are the most common along the 
studied riverbanks followed by the raised walks. 

On the one hand, results indicate that in spite of waterside prome-
nades and parks improving public contact with river corridors (Forgaci, 
2018), intense contact with the water is not common in urban areas, as 
most public urban riverfronts are dominated by man-made barriers that 
severely compromise the physical access to the banks and the water 
edge. This observation is shared by other authors (Bae, 2011; Che et al., 

2012; Chou, 2016; Kondolf and Pinto, 2017; Prominski et al., 2017). On 
the other hand, we note that in spite of anthropic modifications and 
hardscapes being frequent, some floodplain areas are still preserved. As 
floodplains and uplands are natural regions of the river corridor 
(FISRWG, 1998), their presence is generally a good ecological indicator. 
Specifically, the existence of fluvial parks indicates that the river has 
more room and no big lateral barriers at the water edge. By contrast, the 
presence of raised spaces (excluding levee and floodwall walks) is often 
associated with channeled streams. 

Interaction with the river ecosystem is usually greater in floodplain 
spaces, but visual access to the water varies a lot from one class to 
another. In regards to this, we noted that water visibility is highest in 
raised spaces that are located at the water edge. As Porter (1997), these 
spaces can make people feel connected to the river, even though there is 
no physical access to it. 

Additionally, we observed that banktop activities are the most 
common in urban rivers (Kondolf and Pinto, 2017) and where physical 
access to the water is abundant, the diversity of recreational uses is 
greater. However, not all instream uses require regular access to water. 
Wading and bathing are more frequent in the fluvial class but some 
others such as rowing and jumping can also be common in banks where 
access is occasional. 

Regarding public uses in raised spaces, they are very varied. Banktop 
activities may be influenced by the presence of water; however, we 
observed that they are mostly independent from the river system. 

7.3. Classification results 

The type of riverfront open space depends, to a great extent, on the 
anthropic modifications of the river margin. Room for the river is an 
essential requirement for the presence of floodplain green spaces and the 
existence of upland types is conditioned by the river characteristics, 
being especially common in valleys with steep slopes. 

After conducting this research, we verify that, due to the numerous 
possibilities of river-city interaction, every waterfront development is 
unique (Sairinen and Kumpulainen, 2006), and design options are 
endless (Forgaci, 2018; Macdonald, 2018). Despite this, our work gives 
an idea of the predominant designs, spatial features, recreational uses 
and water interaction possibilities within each class. 

8. Conclusion 

There is a lack of studies focused on the understanding of riverfront 
open spaces. This work advances in that line of research by studying and 
classifying public spaces into four classes: fluvial, riparian, upland and 
raised. Results show a socioecological method of organizing riverfront 
recreational areas that can be a useful tool for geographers, architects, 
planners, engineers, and other professionals while studying, planning, 
and managing riverside open spaces. 

Identifying the classes in riverfronts of one or more cities (1) allows 
us to know the amount of public spaces in the river corridor, (2) im-
proves the knowledge of recreational interactions with the river, and (3) 
facilitates the assessment of the ecological state of the riverbanks. These 
issues can be analyzed either separately or together, allowing a com-
parison between different rivers and/or cities. 

Furthermore, this work highlights the consideration of the river 
system when planning riverfronts since it is necessary to assume and 
respect the presence of the river in development processes. This is an 
essential requirement for improving flood resilience in cities as well as 
the sustainability of the urban green infrastructure (Iojă et al., 2018). 
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Nita, M.R., Skokanová, H., 2018. Integrating urban blue and green areas based on 
historical evidence. Urban For. Urban Green. 34, 217–225. 

Kantartzis, A., Varras, G., Kakourp, P., Koutsikou, M., Papadopoulou, A., Gogolou, C., 
2006. Greenway planning and management of urban riparian corridors: the 
alternative basis for an integrated system of urban green spaces. case study: riparian 
corridors in the city of Igoumenitsa, Greece. WSEAS Trans. Environ. Dev. 2 (8), 
1016–1021. 

Keith, S.J., Larson, L.R., Shafer, C.S., Hallo, J.C., Fernandez, M., 2018. Greenway use and 
preferences in diverse urban communities: implications for trail design and 
management. Landsc. Urban Plan. 172, 47–59. 

Kibel, P.S., 2007. Rivertown: Rethinking Urban Rivers. MIT Press, Cambridge-MA USA.  
Kline, M., Cahoon, B., 2010. Protecting river corridors in Vermont 1. JAWRA J. Am. 

Water Resour. Assoc. 46 (2), 227–236. 
Kondolf, G.M., Pinto, P.J., 2017. The social connectivity of urban rivers. Geomorphology 

277, 182–196. 
Lerner, D.N., Holt, A., 2012. How should we manage urban river corridors? Procedia 

Environ. Sci. 13, 721–729. 
Lindsey, G., Maraj, M., Kuan, S., 2001. Access, equity, and urban greenways: an 

exploratory investigation. Prof. Geogr. 53 (3), 332–346. 
Macdonald, E., 2007. Urban Waterfront promenades and physical activity by older 

adults: the case of Vancouver. J. Archit. Plann. Res. 181–198. 
Macdonald, E., 2018. Urban Waterfront Promenades. Taylor & Francis, New York.  
Manning, O.D., 1997. Design imperatives for river landscapes. Landsc. Res. 22 (1), 

67–94. 
May, R., 2006. “Connectivity” in urban rivers: conflict and convergence between ecology 

and design. Technol. Soc. 28 (4), 477–488. 
McBride, J.R., Gerhard, D., 1995. Urban riparian woodland ecology in the San Francisco 

Bay Area. In: In Proceedings of the Seventh National Urban Forestry Conference. 
New York City, pp. 11–16. 

Moretti, M., 2008. Cities on water and waterfront regeneration:a strategic challenge for 
the future. Grundtvig, II Meeting Rivers of Change-River//Cities Warsaw, Poland, 
July 24th 27th 2008. Date of Access:10.05.2012,Available from: http://www.river 
-cities.nazwa.pl/www/download/m.moretti_warsaw2008.pdf. 

Naiman, R.J., Decamps, H., 1997. The ecology of interfaces: riparian zones. Annu. Rev. 
Ecol. Syst. 28 (1), 621–658. 

Nor, A.N.M., Abdullah, S.A., 2019. Developing Urban Green Space Classification System 
Using Multi-Criteria: The Case of Kuala Lumpur City, Malaysia. J. Landsc. Ecol. 12 
(1), 16–36. 

Panduro, T.E., Veie, K.L., 2013. Classification and valuation of urban green spaces—a 
hedonic house price valuation. Landsc. Urban Plan. 120, 119–128. 

Pellicer, F., 2005. Ordenación paisajística de espacios fluviales en las ciudades 
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