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Abstract
Urban rivers are important physical elements and important ecological corridors. They not only play important 

ecological roles but also supply bases of stability, comfort, and sustainability in urban development. Due to the 
complex interaction between inner and outer elements of urban river landscapes, it is necessary to use the theory 
of landscape ecology to analyze the pattern, function, context, fragmentation and temporal change of urban river 
landscapes with appropriate scale. It will support the management and sustainable development of urban rivers. 
The main purpose of this paper is to analyze the urban river landscapes from landscape ecological perspective. 
This paper firstly reviews the relevant studies in urban river landscapes, and then it carries out the research on 
the pattern of river corridors and river networks and the service functions. Next, it probes into the river landscape 
dynamic change at pattern and function aspects and the scale of relative study. Specially, because urban rivers are 
widely influenced by human activities, so this paper analyzes the disturbance of urban rivers further. This paper has 
proposed a basal framework for the research on urban rivers by the use of fundamental topics including pattern, 
function and dynamic change and so on in landscape ecology. It will play a directive role to understand urban rivers, 
resolve the water environment problems and to realize the sustainable development of urban river resources.
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Introduction
Urban rivers include rivers, or river segments, which originate 

or flow in urban regions, as well as canals or channels (which are 
man-made but have, over time, achieved characteristics of natural 
rivers). With regard to landscape ecology, the urban river landscape 
is an important physical element and a kind of ecological corridor in 
urban landscapes. River corridors play important ecological roles such 
as providing habitats, acting as filters and barriers, and being water 
sources and water sink etc. [1]. They also supply water resources and 
transportation ways, increase urban landscape diversity, enrich the life 
of urban citizens and contribute to stability, comfort, and sustainability 
in urban development [2,3]. Due to heavy disturbances throughout 
the urbanization process, urban rivers have become one of the most 
intensively influenced areas in the interaction between humans and 
natural processes. Human activities have vastly altered the structure 
and the function of urban river landscapes. This has occurred through 
the accelerated conversion of forestland and wetland to agricultural 
or urban land, the straightening of the meanderings of rivers, channel 
maintenance, and industrial development. Industrial development 
has caused water pollution, erosion, sedimentation and downstream 
flooding. Human activities have resulted in the decrease of naturalness, 
diversity, feasibility and beauty of the urban river landscapes.

Landscape ecology is a comprehensive discipline which emphasizes 
the research of landscape structures and functions, dynamic changes 
of landscapes, mutual functional mechanisms, optimized patterns, 
and the reasonable development or protection of landscapes [4-7,8]. 
Because of the complex interaction between the inner and outer 
elements of river landscapes, various data from different sources have 
to be integrated, such as geographical data, ecological data, social 
and economic data etc. Data acquiring and processing technologies 
such as remote sensing, geography information system, simulation 
models should also be integrated [3,9]. In addition, the protection 
and the development of urban rivers are closely connected with 
economic and social interests; a single discipline such as ecology 

cannot differentiate natural influences from man-made influences in 
the change of urban rivers [10]. However, landscape ecology, being 
inter- and multi-disciplinary, can integrate the different study fields 
of ecology, geography, economics and humanities, among others, in 
order to describe and resolve complex scientific and social problems 
and supply scientific support for the planning and management of 
urban rivers. What’s more, landscape ecology emphasizes not only 
the temporal and spatial change that landscapes undergo but also the 
relationship between spatial patterns and ecological processes [1]. 
Urban rivers are multi-functional corridors within urban landscapes. 
Both their structural characteristics of width, connectivity, curvature 
and their functional characteristics of source, disturbance extent and 
intensity are connected with each other and together play great roles 
in the development of urban rivers and even of the whole city. In brief, 
landscape ecology adapts to quantitatively describe and evaluate urban 
river landscapes.

Therefore, by employing landscape ecology principles to analyze 
the structure, function, context, fragmentation, temporal changes and 
interconnection with other urban landscape elements, we could grasp 
the general and synthetically knowledge of urban river landscapes 
which will support the management and sustainable development of 
urban river landscapes.

The primary objective of this study was to apply landscape ecological 
knowledge to analyze the urban rivers. Based on the literature review 
of relevant research in river corridors, we will use the fundamental 
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concepts of landscape ecology including patter, function, change, scale 
and disturbance to analyze urban river landscapes. In every key issue, 
we probe into the relative studying emphases and some problems to 
resolve. 

Background
In landscape ecology, river corridors include rivers and vegetation 

zones distributed along the river that are different from the immediate 
surroundings [1,11]. So the researches on urban river corridors are 
concentrated on three main aspects, water body, riparian vegetation, 
and river landscape planning.

Because urban rivers have been widely affected by the forces of 
urbanization, much research have probed into environmental water 
capacity, changes in water quantity and quality, and development of 
water resources from the perspective of preventing environmental water 
pollution [12-14]. Some researchers have emphasized the methods and 
approaches of urban rivers ecological construction extensively in the 
natural ecological riverway construction [15,16]. Based on the context 
of urban landscapes, some researchers have studied the relationship 
between river corridors and man-made corridors about the benefit-
distance effect; and have compared similarities and differences in 
structure and function of these two kinds of corridors [3,17-19]. 
Furthermore, some researchers have discussed how the change of 
other urban landscape components (especially land use and land cover 
change) affects the river landscapes. Studies in this field are going 
deeper and deeper from the early exam field research [20,21] to the 
present application of different watershed hydrological models [22-
27]. These models could make it possible to generally estimate the 
hydrological effects of river landscapes at many different scales.

Along with increasing concern for urban greenways and green 
spaces, much research has emphasized the planning, utilization and 
protection of riparian vegetation. These studies mainly include these 
analyses as follows: (1) the dynamic change of riparian vegetation 
characterized by some landscape indices such as dominance, richness, 
etc. [28,29]; (2) the results of human activities that influence the riparian 
change [30,31]; (3) the analyses of interaction relationship among 
riparian vegetation, land use, water body and ecological elements 
etc. [32,33]; (4) the studies on the limitation and special demands 
in mapping the riverine landscapes [34-38]; (5) some studies on 
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Figure 1: The framework of urban river landscape analysis.

determining the optimal width and the validity of riparian vegetation 
buffer zones [39,40,36,41]. 

Many landscape planners are concerned with the design of the 
urban riparian area—a primary space showing the inter-development 
between the natural and the man-made landscape [42]. They investigate 
the safety, naturalness, close to water and other characteristics of river 
corridors and its surroundings and cater to the ecological function of 
urban rivers, architectural aesthetics, human-oriented development 
[43,44]. Then they plan the whole urban river area including the river 
water itself, riparian area and surrounding area and table a proposal of 
implementing framework for river corridors and riparian vegetation 
[3,45,46]. In other words, they attempt to build the riparian landscape 
belt with urban characteristics in an appropriate way. 

From the literature review showed above, we can find that whatever 
the study concentrate on what kind of characteristic of urban rivers, it is 
always undeviating from the analysis and evaluation of river condition. 
The condition of urban river landscapes could reflect the results from 
generally analyzing and evaluating the river characteristics. So the 
description of river condition should include the spatial structure 
and distributing characteristic, service function, temporal and spatial 
change of urban river landscapes and the interaction between river 
change and climate or land use change. The collection and analysis of 
various information all need to initiate multi-scale and multi-discipline 
research on urban river landscapes. The theory of landscape ecology 
will supply a total-process method for urban river study and finally 
afford the solving of complex scientific and social problems in urban 
water resources.

Analysis of Urban Rive Landscapes
Landscape structure, function and dynamic change are the 

foundation of research in landscape ecology [1,47,48]. In the analysis 
of urban river landscapes, these topic concepts (pattern, process and 
function) are also the major contents. The framework of this study is 
showed in Figure 1.

Pattern

To analyze the pattern of the urban river landscapes, we should 
carry out research on urban river corridor as well as urban river 
network. 
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In the analysis of river corridors, it is necessary to analyze spatial 
characteristics including width, curvature, ratio of width and length, 
break number, etc., and internal characteristics about variability 
gradient at species richness, width effect, elevation difference and depth 
change and so on. Consequently, the width effect plays a controlling 
role along the river corridor [1,8].

Furthermore, different urban river corridors connect to each other 
and form river networks, so hierarchical relativity has been the typical 
characteristic of urban river networks. Because of the connectivity 
between different urban river corridors, we should research urban river 
networks simultaneously. We can take the associated river corridors at 
the urban or regional scale as a hierarchical network in order to research 
its structure, function and dynamic change especially between different 
river corridors. There are many metrics to analyze this characteristic, 
such as connectivity, circuitry, node number, mesh size, density etc. In 
addition, we should consider vegetation rate, building density, and the 
commercial business density around urban river networks to describe 
the adjacent conditions. Based on this quantitative analysis, we will 
acquire the temporal and spatial information of urban rivers. This 
information will help us understand and describe the dynamic change 
of urban rivers.

Function

Forman and Godron [1] pinpointed the four main ecological 
functions of corridors about habitat, conduit, barrier or filter, 
and source. Urban rivers not only supply the ecological functions 
mentioned above, but also supply the functions including the economic 
function, safe function and aesthetics function and so on. Whether the 
realization of ecological functions or the realization of other economic, 
social and cultural functions all depend on the analysis of water 
quantity and water quality these two elements. Different combination 
of water quantity and water quality with different spatial and temporal 
characteristics would make it possible for diversity of river functions. 
So the water quantity and water quality are the two main contents in 
the study of landscape function of urban rivers. 

On the one hand, it is necessary to collect hydro-meteorological 
data about urban hydrological circle and then to calculate and simulate 
the water quantity by hydrological models. On the other hand, in the 
analysis of water quality, we should investigate the monitoring data 
from environmental protection bureau or environmental monitoring 
station and distinguish polluted water quality from natural water 
quality. This will do good to understand the reason of water pollution. 

On the basis of the analysis of water quantity and water quality, 
we can evaluate the different functions of urban river landscapes 
such as water supply, wastewater discharge, flood control, tourism 
and recreation, life support etc. Among these functions, we especially 
concentrate on evaluating the ecological functions of urban river 
landscapes including biomass, water preservation ability, groundwater 
refresh rate, self-purification ability, riparian habitats function, 
recreational value etc. [49]. These ecological functions could be well 
used to explain the natural characteristics of urban river landscapes.

Change

The investigation of landscape changes is a main pillar of landscape 
ecology. The structure determines the function, and changes in 
function may be reflected again in change of the structure [1,5,47]. So 

it is necessary to study the dynamic change of patterns and functions 
of urban rivers at different temporal and spatial scales. We need not 
only analyze urban rivers at different temporal scales within same 
spatial scale but also compare changes at different spatial scales within 
the same temporal scale. On the basis of the combination of these two 
analyses, we could determine the change characteristic of urban rivers.

In order to research the pattern change of urban rivers, we normally 
describe urban river corridors using four dimensions. Research can 
follow from upstream to downstream, from the central river to the 
riparian upland, from the river surface to the riverbed and analyze how 
these three spatial patterns change with time.

However, usually only symptoms of landscape change are described; 
it is hard to grasp the underlying causes of landscape changes, especially 
with regard to functional aspects and relations [50]. As a result, we 
should evaluate the change of landscape functions by combining the 
ecological function, stability, and available utilization etc. Through 
the analysis of these changes of functions, we can find the critical 
changes and disturbance reasons, which will supply valid information 
for prohibiting or reversing deleterious trends and for designing 
appropriate approaches to urban river landscape construction.

There are extensive interconnection and interaction between 
different kinds of urban landscapes. For example, riparian land use will 
be limited by the hydrological characteristics and ecological processes 
of river; whereas river corridors will be influenced by the riparian 
land use. Accordingly, we need to know the change of relationship 
and interaction between river landscapes and other urban landscape 
elements. With the context of urban landscape connectivity, we can 
work out the reasonable development programs of concrete river 
landscapes. 

Scale

Scale is a key issue in urban river landscape planning. Changes 
in spatial extent may alter the analysis of landscape pattern [5]. Thus, 
an appropriate scale and method must be chosen before urban river 
landscape planning can proceed further. For the continuous multi-scale 
correlation of river system with different orders, we should analyze the 
urban river landscapes at the larger and smaller scale than the urban 
regional scale. According to differences in the relative width of urban 
river landscapes, the space scale can be divided into small, medium and 
large scales. The analysis of urban river landscapes at the small scale 
mainly is the design and planning of river landscape environment 
including river ways, river and riparian vegetation. Current urban 
river landscape environmental planning always considers the 
multi-functional nature of urban rivers and tries to enhance safety, 
economization, ecology, aesthetics, accessibility of people to the river 
and cultural aspects. Research of urban river landscapes at the medium 
scale includes landscape patterns and ecological effects of urban rivers 
on the urban area or certain region. At this level, all the rivers in urban 
region can be seen as a whole entity. Associated studies mainly cover 
the planning, modification or construction of urban river landscapes. 
Research at the large scale usually analyzes interactions between land 
use/land cover change, soil and water loss, deterioration of water 
quality and other problems in catchment areas from the viewpoint 
of heterogeneity, integrity and equilibrium of the whole watershed. 
Although different research at different scales concern different 
scholarly areas and methods, these researches do relate closely to each 
other.
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Disturbance

As a type of landscape influenced by man-made disturbance, urban 
rivers have already changed dramatically in both form and hydrological 
characteristics. There is a need to understand the fundamental 
mechanisms between human induced disturbance and the inherent 
variability of urban rivers in order to protect and develop urban river 
landscapes sustainably.

Urban river disturbance analysis is a quantitative method that 
is also a good foundation for landscape planning and structure 
optimization. This analysis can have many uses [51]: (1) indicate 
degree of naturalness of urban rivers by the classifying it by degree 
of disturbance; (2) detect the headstream, extent of degradation, 
and other key aspects; (3) distinguish orders of priority to aid in 
restoring and reconstructing urban rivers; (4) investigate the aquatic 
environment, riparian vegetation and estuarine organisms; (5) improve 
the understanding of what actions are most influential upon river 
landscapes and the manner in which they do so. Degree of disturbance 
results is closely related to the choice of indicators. We should study 
the different values of indicators and develop a proper disturbance 
evaluation system. Certainly, we should combine degree of disturbance 
analysis with a specific area to choose the appropriate indicators and 
analyze the weighted values in detail.

Discussion
From these key topics (pattern, function, dynamic change, scale 

and disturbance) discussed above, we can find that the important issue 
in describing the river condition is the analysis and explanation of the 
indices being chosen. 

A set of appropriate indicators could describe fast change, sensitive, 
specific, reliable, and inexpensive characterization of river conditions. 
Indicators are simple measures that represent key components of 
the system and have meaning beyond the attributes that are directly 
measured [52]. So a very large number of studies pay much attention 
to the choice and application of indicators. For example, the United 
States Environmental Protection Agency (USEPA) has proposed 
indicators that include landscape ecological metrics, land cover metrics 
and hydrological metrics in order to analyze (i) water catchment 
integrity; (ii) landscape stability and resilience; (iii) biotic integrity 
and diversity [53]. Many researchers have highlighted the need for 
procedures that measure a range of vegetation, soil, hydrology, climate 
and ecosystem condition to describe the temporal and spatial change 
of river landscapes, thereby providing the basis for more effective and 
sustainable river management strategies [52,54-58]. The results of these 
studies have showed that sustainable development of river landscapes 
must integrate physical, chemical and ecological indicators of rivers for 
getting the general condition and the key ecological function such as 
stability, resilience and sensitivity and so on [57,59].

What’s more, there are some certain key sites with critical 
threshold effects on the ecological process of species dispersal and 
maintenance [60]. These key sites include intersection of two or more 
rivers, the position of urban rivers input or output reservoir, outfall 
location of point source pollution on urban rivers, connecting point 
of urban rivers and other transportation corridors, and headstream 
of degradation and discontinuous ecological segments in urban rivers 
and so on. For the specific pattern and the complex function of these 

sites, its dynamic change certainly showed diversity. Hence we should 
carefully study on it.

Conclusion
Urban rivers have a prime role in urban ecological construction 

and sustainable development. The present trends of urban river 
landscape research indicate that urban rivers, the precious natural 
continuum, need to be studied in accordance with landscape ecology 
theory. Theories of landscape ecology integrating ecological, physical, 
economic and man-made factors will be applied to describe patterns, 
processes, and functions of urban rivers. At the same time, because 
landscape ecology theory is adapted to analyze spatial structures and 
ecological process of the urban rivers, this research is also important in 
the application of landscape ecology.

The physical characteristics of urban rivers are the basis of 
exerting ecological functions. We should coordinate the relationship 
between urban development and river utilization, and combine urban 
river landscape ecological construction with the other ecological 
constructions. Because of extensive interaction between different 
elements in urban landscapes, for example, the land uses of riparian 
zones will influence hydrological processes of urban rivers and 
simultaneously urban rivers will limit the development of riparian 
land, so it is necessary for the concrete urban river landscape 
ecological construction to analyze the interaction between urban river 
landscapes and the other elements in urban landscapes and to acquire 
the appropriate development program for urban river landscape 
construction.

Because urban rivers are deeply influenced by the interaction 
of human activities and natural processes, the understanding of 
disturbance degree is fundamental to the proper planning and design 
of urban river landscapes. Furthermore, as a component in urban 
landscapes, urban rivers have a close relationship with the other 
elements. Its structure, function and dynamic change are dependent 
on analysis of the interrelationships. For the complexity of interaction, 
we should do much more work on scale effects, choice of indicators, 
heterogeneity, connectivity, landscape value diversity etc. to provide 
more information for urban river landscape ecological construction 
and to build a framework for the sustainable development of urban 
river networks.
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