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Abstract: This paper reviews various impacts of urbanization on rivers and streams, which lead to symptoms summarized 
by the general term “urban stream syndrome”. Growing areas of impervious surfaces cause deterioration of water recipi-
ents flowing through urban areas. The symptoms of deterioration usually include altered chemical parameters of water and 
sediment, accumulation of priority pollutants in aquatic biota, changes in biological composition of the aquatic biota 
(lower biodiversity, changing abundance) and altered runoff regime of recipients (artificial floods versus extremely low 
flows). The paper concludes that restoration is the only way to achieve good ecological status (health) of the waterways. 
The restoration has to focus on measures to decrease the effective imperviousness and increase the retention and later lo-
cal use of the water. The paper also highlights that effective management of urban streams includes social, economic, and 
political dimensions and requires a broader view beyond the traditional stream ecology. 
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INTRODUCTION  

Maintaining an adequate water supply and protecting wa-
ter quality in urbanized areas are growing problems whose 
solutions will require extensive effort and research. Urban 
environment does not only affect the water quality by a con-
tinuously growing input of anthropogenic substances, but 
mainly changes the hydrological cycle via increasing amount 
of impervious surfaces in catchments. Urban drainage is on 
one hand an essential part of urban sanitation, but at the 
same time one of the main causes of stream deterioration. 
Urban streams are highly vulnerable to impacts associated 
with land use changes resulting from the increasing urbani-
zation [1-4]. Streams play an important role in the urban 
areas as 1) carriers of water and suspended solids; 2) habitats 
for diverse and productive biota, and 3) social and cultural 
elements for human inhabitants living in the catchment [5]. 
The impact of anthropogenic activities on streams has sub-
stantially increased during the recent years, and the streams 
are losing their natural character rapidly. The increasing 
number of affected streams has attracted the research com-
munities and motivated them to address the problem of ur-
ban streams. 

The main effects of urbanization on runoff and floods 
have been addressed since the late1960’s [6-8]. More recent 
studies have focused on the engineering aspects of water-
sheds, (e.g., detention basins, riparian buffers and septic sys-
tems, [9-14] and their influence on runoff amount and water 
quality [15-17]. The recently adopted term “urban stream 
syndrome” [5] summarizes the degradation of  
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streams in urban areas, characterized by flashier hydrograph, 
changes of channel stability and morphology, deterioration 
of water and sediment quality and changes of the ecological 
status/ecological health of the recipients.  

The objective of the paper is to summarize the impact of 
urbanization on streams and the most common effects related 
to deterioration of urban streams. In addition, new trends and 
methods to restore a good ecological status of urban streams 
are reviewed. The focus of the paper is primarily on small 
streams in urban areas, because they are the most abundant 
of receiving waters and because, with the small catchments, 
they are very sensitive to land use changes. The response of 
small streams to land use changes can serve as a warning 
signal of the potential deterioration to downstream waters. 
Equally, the protection of small stream ecosystems will sup-
port the protection of large receiving waters downstream 
[18]. 

THE CONCEPT OF “URBAN STREAM SYNDROME” 

The symptoms of the urban stream syndrome include a 
flashier hydrograph, elevated concentration of nutrients and 
contaminants, altered channel morphology and reduced bio-
diversity [5, 15]. These effects are often accompanied by 
other symptoms which are not observed in all urban areas, 
such as reduction of baseflow and increase of suspended 
solids concentration. Although most of the symptoms show 
consistency in their occurrence in urban areas worldwide, 
their degree to which they change the aquatic ecosystems is 
highly variable and depends on local conditions. The main 
symptoms are summarized in Table 1.  

The mechanisms driving the syndrome are integrated and 
variable, but most of the impacts result from a few major 
large scale sources, particularly from urban storm water run-
off delivered to stream by hydraulically efficient drainage 
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system [5]. Other stressors include combined sewer over-
flows (CSO), waste water treatment plant (WWTP) effluent, 
legacy pollutants (long-lived pollutants from earlier land 
use), and illegal discharges of waste water. Most of the re-
search on urban drainage impacts has focused on correlations 
between stream chemical and biological metrics and various 
topographical or hydraulic parameters, such as total catch-
ment imperviousness, distance between stream reach and 
urban land and hydraulic efficiency of the sewer system.  

HYDROMORPHOLOGICAL CHANGES 

Increasing amount of impervious surfaces and decreasing 
area of natural vegetation cover belong to the most pro-
nounced characteristics of urbanization. These changes sig-
nificantly alter the hydrological conditions in the catchment 
and the behaviour of streams. The high amount of impervi-
ous surfaces causes a substantial increase of surface runoff 
components, along with a decrease of groundwater recharge 
and base flow.  

Table 1. Symptoms Associated with the Urban Stream Syndrome (Modified from [5, 15] (*Correlation with Level of Urbanization 
was not Clearly Proved) 

Feature Symptom 

Increasing frequency of overland flow 

Increasing frequency of erosive flow 

Increasing magnitude of high flow 

Decreasing lag time to peak flow 

Increasing rise and fall of storm hydrograph 

Hydrology 

Changes of baseflow magnitude * 

Increasing concentration of nutrients (P, N) 

Increasing concentration of toxic substances 

Increasing temperature 

Increasing concentration of suspended matter  

Water and sediment chemistry 

Decrease of organic matter retention  

Increasing channel width 

Increasing pool depth 

Decreasing stability of the channel  

Increasing scour 

Disturbance of the river continuity * 

Changes in sedimentation processes * 

Channel morphology 

Enrockment of banks 

Decreased number of sensitive species 

Increase of tolerant species*  

Changes of abundance* 
Fish 

Changes of biomass* 

Increased number of tolerant species 

Decreased number of sensitive species Invertebrates 

Decreased number of predators*  

Increased number of eutrophic diatoms 

Decreased number of oligotrophic diatoms 

Changes of biomass* 
Algae 

Presence of toxic algae 

Decrease in nutrition uptake 

Leaf breakdown 

Net ecosystem metabolism* 

Nutrition retention 

Ecosystem processes 

Production : Respiration ratio 
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The amount of water entering the recipient during rain 
events causes increase of flow, where the hydrographs of 
these events tend to be more “flashy”. The rising and falling 
limbs of the hydrograph are steeper and the maximal flow 
often exceeds the natural maximum flow from pre-urbanized 
period. Storm waters quickly drained during rain events by 
conventional sewer do not reach the aquifers and therefore 
the base flow is lower than the natural groundwater dis-
charge from aquifers to streams [19]. 

The increasing volume and frequency of high flow re-
quires stronger flood protection and mitigation of negative 
flood impact on the ecological integrity of the receiving 
streams and their inundation zones [19].  

The construction of sewer systems also results in alterna-
tion of the catchment area and the stream length. These 
changes are manifested directly as a shift in the surface run-
off volume, and indirectly in shortening the critical duration 
of rain and increase the intensity of the design rain. The ur-
banization causes higher flood frequency [15]. While in 
natural catchments the flood periodicity is 1.2-2.4 years, in 
urban catchment the flood may occur several times a year 
[19, 20]. Increase of the recurrence interval of flood flows 
causes higher erosion and hence enlargements of stream 
channels.  

The current flooding zone may therefore not correspond 
with flooding zones reported in the history for the same re-
currence interval [19, 20]. 

Urban streams are often dammed by artificial reservoirs 
and steps, which may cause significant channel straightening 
and disturbance of the movement of organisms. As a conse-
quence, large segments of the streams are becoming impass-
able for aquatic organisms. The impact on aquatic biota due 
to enlargement of stream channels is particularly pronounced 
during drought or decrease of the stream water level. Con-
versely, an enhancement of maximal flow decreases the 
channel stability and increases the risk of erosion. This re-
sults in alternation of stream morphology, loss of the bank 
environment, and lower water quality caused by high amount 
of suspended solids and siltation of the channel. The mor-
phological change of the streams inhibits natural succession 
of aquatic biota and destroys natural habitats [4, 15, 21]. 

CHEMICAL AND PHYSICAL CHANGES  

The quality of aquatic environment in urban areas is af-
fected by waste water entering the stream from the system of 
urban drainage (combine sewer overflows, storm water 
drains, waste water treatment plant effluents, illegal dis-
charges). The input of waste water usually alters the water 
and sediment quality and causes changes to the chemical 
status of the recipient.  

During dry weather, receiving waters are mostly affected 
by wastewater treatment plant (WWTP) effluents or other 
continuous sources. The impact on receiving waters depends 
in this case on the treatment efficiency of WWTP and the 
level of dilution. In contrast, the quality of the aquatic envi-
ronment during wet weather is affected not only by WWTP, 
but mostly by direct surface runoff, storm water drain 
(SWD) and combine sewer overflow (CSO). The rainwater 
and surface flow water contain insoluble substances, organic 

micropollutants and toxic metals from traffic, local heating 
systems and commercial and industrial sources [22]. These 
substances accumulate during dry-weather periods on the 
land surface and are washed off during rain events. The wa-
ter entering the recipients from CSO-outfalls is a mixture of 
rainwater, municipal sewage, industrial wastewater and 
sediment (sewer sludge) accumulated in the sewer system 
during dry periods. The winter surface runoff can also con-
tain high amounts of salts and insoluble substances [23]. 

The water quality in receiving waters decreases during rain 
events, with negative impacts on aquatic biota. One of the 
basic chemical parameters, pH, is very often affected during 
rain events. pH in water impacted by CSO can increase during 
rain events due to higher concentrations of ammonia from 
ammonium ions in the sewer systems. In turn a decrease of pH 
is often observed in small creeks affected by SWDs where the 
discharge of SWD into the creek may exceed the creek flow 
rate above the discharge point [24]. The decrease of pH (be-
low 6) affects the mobility of pollutants, especially toxic met-
als, which become more mobile and bioavailable to aquatic 
organisms [25-27]. Rain events also contribute to elevated 
concentration of suspended solids, which decrease the eco-
logical status of aquatic biota (plants by low level of light, fish 
by sedimentation of suspended solids in gills). 

The pollution by organic matter often causes oxygen de-
pletion and changes in redox conditions of the aquatic envi-
ronment. Changes in the redox potential may cause remobi-
lization of metals and other pollutants from sediment and 
hence increase their bioavailability [14]. Insufficient concen-
tration of dissolved oxygen increases negative effects of 
toxic substances on aquatic biota. Beside pH and redox po-
tential, the partitioning behaviour and spatial distribution of 
pollutants in the aquatic environment is also regulated by 
hydrodynamics, biogeochemical processes and other envi-
ronmental conditions, such as salinity, temperature and par-
ticle size distribution of sediments [28]. Changes in sediment 
chemistry due to bottom disturbance can result in remobili-
zation of contaminants. Subsequently, exposure to different 
chemical conditions could result in desorption and transfor-
mation of contaminants into more bioavailable or toxic 
chemical forms [29]. The fate of toxic metals and other pri-
ority pollutants in the urban creeks environment can lead to 
higher uptake of pollutants by aquatic biota. Concentrations 
of priority pollutants (mainly toxic metals, PAH, PCB, etc.) 
in sediments usually exceed those in overlying water by 
three to five orders of magnitude [27, 30, 31]. Higher con-
centrations of suspended matter enlarge the risk related to 
presence of toxic substances adsorbed on surface of the solid 
particles (e.g. toxic metals). Runoff from roads and agricul-
ture area is often enriched by nitrates and nitrites (they are 
toxic for fish), sulphates, which are affecting the calcium 
carbonate equilibrium and consequently they are affecting 
hydrochemical stability and agressivity of water. Surface 
flow from roads may increase concentration of carcinogenic 
polycyclic aromatic hydrocarbons (PAH), known for high 
stability and ability to accumulate in sediments, and nonpo-
lar hydrocarbons substances from petrol, accumulated in 
organisms and sediments and highly toxic to zooplankton.  

The pollution load is closely related to the rain character-
istics. Sobota [20] stated that 90% of the COD input is asso-
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ciated with the beginning of intensive rain (15-20% of rain 
duration) – first flush. In the case of less intensive rains, the 
increase of pollution concentration is delayed and less rapid. 

A big attention has been paid to endocrine disruptors in 
municipal waste water, typically caused by low efficiency of 
WWTP to remove these substances [32]. These substances 
enter water recipients already in very small concentrations 
may cause endocrine disruption in aquatic biota such as 
changes in the ratio of sex of the population and other seri-
ous effects, mainly in fish. The stability of the whole biotic 
community may therefore decrease substantially. 

Another physical factor negatively affecting water recipi-
ents is increasing temperature caused by warmer surface 
runoff from impervious surfaces, missing bank vegetation 
and also proximity of buildings with light reflection. The 
heat may change the temperature regime of the stream, be-
cause the stream temperature increases and the periods of 
natural cold become shorter [19]. 

CHANGES OF THE BIOLOGICAL COMPONENT OF 
THE AQUATIC ENVIRONMENT 

The stream ecosystem is a closed complex, where each 
part has its own function. The aquatic biota is composed by 
different types of organisms, producers (phytoplankton, 
macrophytes), consumers (zooplankton, invertebrates, fish) 
and decomposers (bacteria, fungi). Loss or restriction of one 
of the group will cause collapse of the whole ecosystem. The 
biota is affected by both the water quality and quantity. Wa-
ter quality directly affects the abundance (population den-
sity), reproduction, and survival, ratio of sex, age structure 
and, in particular, the long term biodiversity. The aquatic 
organisms are used as indicator/ bioindicator, of water qual-
ity. The most common group of bioindication organisms are 
fish, macroinvertebrates and diatoms. Especially diatoms and 
macroinvertebrates are very good indicators of urban drain-
age impact [5, 33, 34]. 

The impact of water quantity in urban areas is affected by 
the level of urbanization and amount of impervious surfaces. 
In the past, the question of water quantity was mostly fo-
cused on minimal flow (Q355 – flow reached 355 day a year), 
although this concept cannot be fully applied in urban 
catchments. The minimal flow in urban streams is often not 
maintained, especially during dry months, whereas the sur-
face runoff during rain events is drained to the stream and 
the maximal acceptable flow is frequently exceeded [35]. 
Exceeding of the maximal flow causes washout of organisms 
not resisting against such a high flow [2, 5, 35]. In this case 
the whole food chain is dislocated, and the recolonization of 
the community requires several weeks or months. In case of 
frequent summer rains, the disturbance repeats before the 
biota can recover [2, 35].  

URBAN STREAM SYNDROME AND NEW TRENDS 
IN URBAN WATER MANAGEMENT 

Urban streams have the potential to provide precious 
natural resources to humans who live in their catchments 
[16]. In many cities of the world this potential has not been 
fully acknowledged, because streams in most urban areas 
were transformed into drains or sewers. The primary goal of 

the urban waterway management for most of the 20th century 
was protection of humans from floods and diseases. Al-
though this goal remains the first priority, traditional ap-
proaches to waterway management for public health and 
safety have often applied at the expenses of the other goals, 
such as public amenity and ecosystem health [5]. New ap-
proaches in urban design and waterway management show 
great potential for achieving all goals of public safety, amen-
ity, and improved ecological conditions in streams [36] of 
many urban areas [37]. 

Restoration of waterways has become an important tool 
of the water management during the last decade, and it re-
mains crucial for improvement of ecological conditions of 
streams. Restoration of waterways is not a new tool in water 
management; however, innovative approaches are needed to 
understand the waterway´s functioning with positive effects 
on the restoration. 

The first step of restoration is a clear identification of the 
target state of the stream/river to be achieved, and the second 
step focuses on the identification of control indicators. Cur-
rently these indicators mostly express the quality of the 
aquatic biota, e.g. biodiversity and abundance. Future inno-
vative parameters should indicate the function of the aquatic 
ecosystem, such as gross primary production, respiration of 
the community, etc. [38].  

The restoration measures to improve the ecological status 
of urban streams are short term and long term. The group of 
short term measures includes embankment, planting of bank 
vegetation (not a native one), pollution source control, fish 
pass, and construction of remedial measures directly in the 
stream channel. The end-of-pipe strategy measures such as 
retention and detention reservoirs are also included. The 
short term measures provide solution for acute problems 
typical for urban streams channels, but they do not provide 
increased biological diversity of the aquatic community in 
the long term perspective. These measures do not respect the 
catchment runoff processes, are also highly demanding on 
continuous maintenance and therefore may become finan-
cially unacceptable. The long term measures respect the 
catchment processes at their real scale and therefore are self-
maintained. These measures include changes in land use, 
creation of buffer zones along the streams, restoration of 
hydrological conditions (infiltration of stormwater, decrease 
of effective imperviousness), rehabilitation of natural bank 
vegetation and support of its natural zonation and restoration 
of the connection between flood plain and the stream chan-
nel [39].  

Numerous papers [16, 38 40-43] had identified the basic 
problem of urban streams restorations, but many studies are 
based on knowledge an experiences obtained in restoration 
of waterways in rural areas, where the stressors affecting the 
streams and the responses of the aquatic ecosystems are dif-
ferent. Most of the earlier studies focused on long term re-
sults of restoration were conducted on streams affected by 
mining activity or discharge of toxic substances. The appli-
cability of such results to the urban streams restoration is 
very limited. 

Presently, the chemical and toxicological effects on wa-
terways are minimized by high requirements on waste water 
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treatment efficiency and construction and operation of sewer 
system. The construction of sewer system prefers separated 
sewer or reconstruction of combine sewer overflows to 
maintain minimal impact of the overflows water on the re-
cipient. Because the current pollution control addresses 
dominantly the source, the main goal of the urban stream 
restoration is not the elimination of chemical impact, but 
successful management of big volume of storm water from 
sewer system and impervious areas. Numerous studies [5, 
33, 38, 43, 44] showed that restoration at local scale focused 
on increasing diversity of habitats typically does not bring 
the anticipated improvement of the biodiversity. In turn, bet-
ter results are achieved by restoration of the waterways fo-
cused on the primary source [5, 33 43, 44]. A combination of 
applied measures in catchments together with rehabilitation 
of the channels and bank areas has been proven more suc-
cessful and sustainable [5, 33 43, 44]. Although the impor-
tance of the catchment processes for restoration is well 
known, it is still neglected in many management concepts. 
This marginalization leads to the overuse of end –of- pipe -
strategies for stormwater management [5, 15] that apply 
measures such as retention, sedimentation reservoirs, ponds 
and artificial wetlands directly on the waterway or sewer 
system. Application of these measures is often carried out 
without good understanding of the basic processes between 
hydrological changes and biota (hydraulic stress for biota, 
periodicity of flood occurrence, periodicity of pollutants 
load, etc.) [5, 15]. Application of the end –of- pipe -
strategies achieved in many cases a decrease of the maximal 
flow and a transformation of the flood [45], but the stress for 
biota did not decrease. These strategies do not preserve the 
natural periodicity of floods, and although they maintain a 
lower runoff during the rain event, they do not change the 
anthropogenic induced periodicity of flood [5, 34, 44].  

According to recent research, a successful remediation of 
urban streams can be achieved through widespread applica-
tion of innovative approaches to drainage design. The com-
plex approaches [1, 33, 34] propose to decrease the effective 
impervious areas in the first step, followed by retention and 
local use of the stormwater instead of direct drainage to 
stream. This strategy is finally complemented by rehabilita-
tion of the creek channel to support a greater diversification 
of habitats. 

The restoration of urban streams cannot return the 
streams back to the natural status, but it should ensure the 
recovery of the basic functions of the ecosystem and provide 
an acceptable compromise between the ecosystem and local 
human communities. Schauman and Salisbury [43] proved 
that heavily modified urban creeks have negative effect on 
local inhabitants. The study also showed that a waterway 
restoration which is not in agreement with requirements of 
the local community is not long-term sustainable. Effective 
management of urban streams will require a broader perspec-
tive beyond the traditional stream ecology, taking into ac-
count social, economic, and political dimensions [5].  

CONCLUSIONS 

The review of symptoms of the urban drainage syndrome 
and past and present urban water management strategies 
showed that urban streams have to be particularly understood 

as integral part of urban environment. It also showed that res-
toration (renaturalization, unchannelization) is the only way to 
achieve good ecological status (health) of the waterways. 
After decades of deterioration of urban waterways´ ecological 
status (channelization, pollution, etc.); the restoration to condi-
tions allowing the use of urban waters as place for recreation 
is expected to be a long-term process. It was further concluded 
that restoration of urban creeks needs to follow different rules 
than restoration of creeks in rural areas. Only a source-focused 
restoration of channels of urban creeks and rehabilitation of 
physical habitats for aquatic biota will provide the expected 
increase of biodiversity. Because the poor ecological status of 
urban streams is typically caused by floods induced by runoff 
from impervious surfaces due to progressing urbanization, the 
most promissing strategies are based on decrease effective 
imperviousness and application of measures to increase reten-
tion and later local use of the stormwater. Finally, the restora-
tion of urban creek is not possible without good understanding 
and communication between engineers, architects, city planner 
and natural scientists. 
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