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Abstract

Urbanization increases impervious cover and accelerates stormwater delivery to nearby streams and rivers, often resulting
in higher runoff volumes, shorter response times, flashier hydrographs, channel instability, and degraded water quality.
Low-impact development (LID) practices aim to manage runoff close to its source by enhancing infiltration, detention,
storage, evapotranspiration, and pollutant removal. This short review summarizes how common LID practices can reduce
urban runoff near river corridors and support more stable hydrologic and hydraulic behavior in receiving waters. The
paper first outlines the concept of LID and its relevance to urban river systems. It then reviews the main practices commonly
applied in built environments, including bioretention cells, permeable pavements, green roofs, vegetated swales, and
riparian buffer measures. Their primary hydrologic and hydraulic benefits are discussed in terms of runoff volume
reduction, peak-flow attenuation, delayed runoff response, and reduced erosive stress on urban channels. The review also
highlights key implementation challenges, including maintenance needs, clogging, limited land availability, groundwater
constraints, and reduced effectiveness during extreme storms. The paper concludes that LID is most effective near river
corridors when implemented as a distributed source-control strategy that is integrated with riparian protection and
broader catchment-scale flood and water-quality management.
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1. Introduction

Urban development alters the natural water balance by Low-impact development (LID) emerged as a source-control

replacing pervious surfaces with roofs, roads, parking
areas, and compacted soils. As a result, rainfall is converted
more rapidly into surface runoff, infiltration declines, and
stormwater reaches drainage networks and receiving
streams in a shorter period of time [1,2]. These hydrologic
changes commonly increase runoff volume and peak
discharge while reducing lag time, which in turn can
intensify bank erosion, sediment transport, and ecological
degradation in urban river corridors [2].
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approach intended to mimic predevelopment hydrologic
processes as closely as possible through decentralized and
distributed stormwater measures [1,3]. Related terms such as
sustainable drainage systems (SuDS), best
management practices (BMPs), water-sensitive urban design
(WSUD), and green infrastructure are often used in
overlapping ways, although all emphasize slowing, storing,
infiltrating, or reusing runoff close to where it is generated
[1]. Reviews by Dietz [3], Ahiablame et al. [4], and Eckart et
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al. [5] show that LID has become one of the central
approaches in contemporary urban stormwater management.
The relevance of LID is especially
strong near river corridors. In such settings, untreated or
rapidly routed stormwater enters streams directly, producing
flashy hydrographs and deteriorating water quality in the
receiving channel. Reducing runoff before it reaches
the river corridor can therefore lower hydraulic stress

on urban streams and complement riparian restoration or
channel-protection strategies [2,10,11]. The objective of
this short review is to summarize the main
LID practices used

for urban runoff reduction near river corridors and to
explain their hydrologic and hydraulic benefits, practical
limitations, and management implications.

Impervious area
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Figure 1. Simplified plan schematic showing LID and NON-LID flow paths to a river

2. Common LID Practices Relevant to
River Corridors

LID practices differ in design and placement, but they
generally function through one or more of the following
mechanisms: infiltration, storage, detention,
evapotranspiration, filtration, or controlled release [3-
5] Near river corridors, the most relevant measures are
those that reduce runoff at the parcel, street, block, or
neighborhood scale before it is rapidly conveyed to a
receiving channel.

Bioretention cells and rain gardens are among the most
widely used LID measures. These systems are shallow
vegetated depressions with engineered soil media that
temporarily  store runoffand  promote infiltration,
evapotranspiration, and filtration. Field studies have shown
that bioretention can substantially reduce runoff volume
and moderate hydrograph response, especially for frequent
and moderate rainfall events [6,7].

Permeable pavements replace conventional impervious
surfaces with porous or pervious layers that allow water to
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pass into an underlying storage base. Their stormwater
function is especially useful in parking areas, sidewalks,
and low-traffic  streets, they
direct runoff connectivity to storm drains and nearby
streams [8].

where can reduce

Green roofs intercept rainfall at the building scale, where
water is temporarily retained in vegetation and substrate
layers and later returned to the atmosphere through
evapotranspiration. Although their performance varies
with substrate depth, climate, antecedent moisture, and
storm size, meta-analytical evidence indicates that green
roofs can provide meaningful runoff retention and
peak reduction, especially for small storms [9].

Vegetated swales and bioswales are shallow linear
conveyance features that slow runoffand promote
infiltration and sediment capture while transporting water
along streetscapes or open spaces. Their open-channel
form makes them particularly useful where conventional
curb-and-gutter systems quickly deliver runoff to streams
[12].
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Riparian buffers and stormwater-retention
measures near receiving streams are not always
classified as classic LID in a narrow engineering sense, but
they are highly relevant near river corridors. Buffer
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vegetation, distributed detention, and retention-based
retrofits can reduce direct runoff inputs, improve water
quality, and help restore more natural hydrologic
conditions in urban streams [10,11].

Table 1. Main LID practices for runoff reduction near river corridors

Hydrologic/hydraulic

Practice Main mechanism Main limitation
benefit
. . . Storage, infiltration, Reduces runoff volume and Requires maintenance
Bioretention/rain . .
filtration, peak flow; and suitable
gardens . . . .
evapotranspiration delays runoff response soil/drainage design
Infiltration and Reduces directly connected Clogging and structural
Permeable pavements . . .
subsurface storage impervious runoff constraints

Interception, storage,

Green roofs ..
evapotranspiration

Lower performance in
large storms; structural
cost

Reduces roof runoff and
moderates small storms

Slowing, infiltration,

Vegetated swales .
g filtration

Reduces flow velocity and
improves pretreatment

Requires space and
careful grading

Riparian
buffers/retention retrofits

Filtration, retention,
source control

and lowers direct hydraulic

Protects receiving streams .
& Land availability and

corridor constraints
stress

3. Hydrologic and Hydraulic Benefits

The most important benefit of
LID near river corridors is runoff volume reduction. By

capturing and storing rainfall where it lands, LID decreases

the fraction of stormwater that becomes immediate
surface runoff. Reviews across many climates and practice
types have consistently reported that LID can

reduce runoff volume, although performance depends
strongly on rainfall characteristics, design details, and
maintenance condition [3-5,10].

A second Dbenefit is peak-flow attenuation. By
detaining runoff temporarily and releasing it more slowly,
LID can flatten hydrographs and reduce peak discharges
entering urban streams. This is particularly valuable
in river corridors affected by flashy runoff from directly
connected impervious surfaces. Modeling and field studies
have shown that LID can lower flood-related metrics and
reduce runoff peaks, especially when
multiple practices are implemented in combination [5,10].
A third benefit is increased lag time. Many LID measures
slow runoff movement and extend the time between
rainfall onset and peak discharge. This longer response
time reduces the abruptness of storm hydrographs and can
lessen stress on urban channels [6,12]. In

bioretention systems, both field monitoring and network-

erosive
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scale analyses have shown improved hydrologic behavior
relative to conventional drainage [6,7].

LID also providesindirect hydraulic protection
for river corridors. When runoff enters receiving streams
more gradually and in smaller volumes, channel boundary
stress, bank erosion, and sediment remobilization are
reduced. This does not mean that parcel-scale LID alone
can eliminate urban flooding or fully restore stream
hydrology, but it can reduce the intensity of stormwater
delivery that often drives channel instability [2,10,11].
Finally, many LID practices also improve stormwater
quality, which is important near river corridors because
water quality and flow regime are tightly linked
in urban streams. Practices such as bioretention, swales,
and riparian buffer measures can reduce sediment,
nutrients, and  other  pollutants  while also
moderating runoff volumes [4,7,11]. For river-adjacent
settings, this dual benefit strengthens the case for
integrated stormwater and corridor management.

4. Challenges and Considerations for River-
Corridor Applications

Although LID is effective settings, its
performance is not constant. One of the most important

in many
limitations is that effectiveness declines during very

large or prolonged storms, when storage capacity is
exceeded and bypass flow increases [5,9,10]. For this
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reason, LID should not be viewed as a stand-alone solution
for all flood hazards.

A second challenge is maintenance. Permeable pavements
can clog, vegetation can decline, filter media can lose
performance, and underdrains or inlets can malfunction.
Long-term effectiveness depends on inspection, sediment
control, and periodic rehabilitation [5,8].

A third issue is site suitability near river corridors.
Infiltration-based practices may be constrained by shallow
groundwater, contaminated soils, limited separation from
utilities, or concerns about slope and bank stability.
Designs near rivers therefore require careful attention to
groundwater conditions, pretreatment, and hydraulic
connectivity to avoid unintended impacts.

Another important consideration is scale. Small distributed
LID measures are highly valuable for source control, but
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they are most effective when combined across many
parcels or connected with broader catchment strategies.
The urban-stream restoration work of Walsh et al. [11]
illustrates that meaningful improvement in receiving-
stream condition depends on retaining stormwater at the
catchment scale rather than relying on isolated installations
alone.

Near river corridors, the best approach is therefore
a hybrid strategy: distributed LID to reduce runoff at the
source, riparian protection to buffer receiving waters, and
larger drainage or flood-management measures where
flood exposure remains high. In that sense, LID should be
understood as a foundational component of urban river-
corridor management rather than a complete replacement
for all other interventions.

Table 2. Design considerations and simple guidance for LID near rivers

Design Consideration Simple Guidance
Storm size LID best for frequent/moderate storms; pair with larger controls for extremes
Soils/GW Avoid infiltration if high groundwater or contamination; use underdrains
Coverage More distributed installations = bigger catchment effect
Maintenance Plan routine sweeping/vegetation care to retain function
Integration Combine LID with riparian protection for best river benefits

5. Conclusions

Low-impact development provides a practical and flexible
approach for reducing urban runoff before it reaches
nearby streams and rivers. Practices such as bioretention,
permeable pavements, green roofs, and vegetated swales
can reduce runoff volume, attenuate peak flow,
delay runoff response, and improve stormwater quality.
These effects are particularly valuable near river corridors,
where rapid runoff delivery often drives channel instability
and ecological degradation.

However, LID performance varies with climate, design,
maintenance, and storm magnitude. Its strongest benefits
are typically associated with frequent and moderate rainfall
events rather than the most extreme storms. For river-
corridor applications, LID is most effective when
implemented as a distributed source-control system and
integrated with riparian management and broader
catchment-scale stormwater planning. Overall, LID should
be seen as an important tool for
improving urban hydrology and
protecting river corridors from the adverse effects of
rapid urban runoff.
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