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Repairing riparian function: 
what to do at the site

Strategy 1. Shade the stream to regulate light and temperature 
 
Suitability of strategy: most suitable where the stream channel is narrow (< 10 m wide), where the natural vegetation was 
once forest, shrubland, or grassland with riparian trees rather than pure grassland, and where the vegetation has been 
thinned or cleared. 

Action Explanation Conditions where action is most likely to be 
suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

1a. Plant trees in 
stream-side 
zone

Tall vegetation adjacent 
to the stream shades 
the channel, reducing 
instream water 
temperature and light.

Where the stream channel is relatively 
narrow: < 10 m. Planting should focus on the 
north banks of E–W oriented channels, as 
this location is most effective at shading the 
channel. Not appropriate where natural riparian 
vegetation was grassland.

[1, 2] [2-5]

1b. Increase buffer 
width

Increasing the width 
of treed land away 
from the channel can 
increase shading in the 
stream.

Where the treed buffer is very narrow at 
present: < 10 m. Particularly effective when the 
channel is N–S oriented. Not appropriate where 
severe space constraints exist.

[5] [2, 4, 5]

1c. Install a shade 
structure 

Installing a shade sail 
or shade cloth is an 
artificial way to reduce 
light and temperature.

Where space is too limited to allow tree 
planting. In highly urban areas where only a 
small length of waterway is present.

None None

1d. Plant trees in 
the upstream 
corridor*

Water temperature 
at the site is also 
affected by upstream 
processes. Improving 
the shading of the 
upstream riparian 
corridor will reduce 
water temperature at 
the site.

Most sites. Not effective where the majority of 
water comes from groundwater upwelling.

[6] [6, 7]

1e. Protect from fire If the streamside tree 
canopy is burnt, it will 
not properly shade the 
channel.

Most sites. Protection from fire is less 
important for sites where riparian vegetation 
naturally provided little shade (e.g. grass).

*catchment-scale action
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Strategy 2. Stabilise the bank  
 
Suitability of strategy: most suitable where bank soils are highly erodible (e.g. clay, sand, gravel – not bedrock). 

Action Explanation Conditions where action is most likely to be 
suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

2a. Allow the 
channel to 
naturally self-
adjust to flow  
 
See Repairing 
geomorphology: 
what to do at 
the site and in 
the catchment 
factsheet, 
Strategy 3

It is difficult to stabilise 
the stream bank using 
riparian vegetation if 
the stream bed is still 
adjusting to altered 
urban flows.

Where there is sufficient riparian buffer space 
for the channel to migrate. See associated 
factsheet for the specific suitability of specific 
actions.

[8-11] [3] See 
associated 
factsheet

2b. Plant deep-
rooted trees 
and a range of 
vegetation in 
the stream-side 
zone

Deep-rooted plants 
(e.g. trees) stabilise the 
stream bank by holding 
the soil together.

Where the stream bank is composed of 
erodible materials (sand, clay). Where urban 
flows have been managed so that the channel 
is not still adjusting. Where the channel has 
already been allowed to self-adjust to urban 
flows.

[12-14] [3, 15]

2c. Plant 
macrophytes 
and other 
perennial 
vegetation as far 
down the bank 
as possible

Vegetation on the bank 
can protect the bank 
from scouring erosion 
during high flows.

When the bank is low (< 1 m high) and the bank 
slope is low (< 45° angle with the channel).

[15, 16] [3, 15, 16]

2d. Add large woody 
debris (LWD) to 
the channel

Strategically-placed 
LWD can deflect 
scouring flows away 
from eroding stream 
banks.

Where LWD is placed on the outside and 
downstream of meander bends. Where 
scouring urban flows are not great enough to 
displace LWD. Where large amounts of LWD 
are added. Care should be taken with LWD 
placement, as incorrectly placed logs can 
exacerbate bank erosion.

[12, 17, 18] [3, 7, 17, 19-23]

2e. Use bank-
hardening or 
armouring 
techniques 
(revetment)

Bank hardening 
techniques, such as RIP 
RAP, logs, geotextiles, 
gabions or retaining 
walls can be used to 
stabilise stream banks, 
particularly parts of 
banks that are subject 
to scouring urban 
flows.

Where scouring urban flows are severe. Where 
limited space exists for channel adjustment 
and tree planting.

[12] but use 
caution as per 
[24]

[12, 15]
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Action Explanation Conditions where action is most likely to be 
suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

2f. Use geofabric 
socks on the 
bank and 
plant with 
macrophytes

Geofabrics reduce the 
erodibility of bank soils 
and can improve bank 
stability while natural 
methods (macrophytes, 
trees) are establishing.

When there is limited space for tree planting or 
if trees have been planted but are still too small 
to protect the bank. Where scouring urban 
flows are severe.

[3] See WSUD 
manuals 

2g. Use engineering 
structures 
(cross vane, 
w-weir, j-hook 
vane)

Structures like cross-
vanes, w-weirs and 
j-hook structures can 
stabilise stream banks 
by reducing near-bank 
shear stress, stream 
power and water 
velocity.

In highly urban areas where flows are scouring 
and likely to displace LWD. Where there is little 
space for channel reconfiguration or self-
adjustment. Where these structures will have 
no impact on connectivity, e.g., the passage of 
biota, and not cause environmental impacts 
downstream.

[3, 11, 25] [11, 25]

Strategy 3. Improve nutrient filtration and sediment trapping
Suitability of strategy: most sites, refer to specific actions for specific suitability. 

Action Explanation Conditions where action is 
most likely to be suitable 
andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

3a. Relocate/ 
redesign 
stormwater 
and subsurface 
drainage inputs

Direct piping of road runoff or 
subsurface water to the stream via 
pipes bypasses riparian filtration. 
Stormwater and subsurface 
drainage outputs should be allowed 
to filter through riparian soils so 
that biogeochemical processes 
can transform and reduce nutrient 
levels. Flush road kerbing or kerbless 
roads should be used on the side of 
the road that drains to riparian land. 
Where stormwater pipes/subsurface 
drainage pipes exist, they should 
terminate at swales/filter strips/
biofilters on the distal (road side) 
edge of the riparian buffer.

Sites where stormwater pipes 
or subsurface drainage pipes 
are present and where a road 
borders the riparian land.

[3, 24] See WSUD 
manuals 

3b. Increase buffer 
width

Increasing the width of the riparian 
buffer increases the length of 
surface and subsurface flow paths, 
increasing the time for nutrient 
processing and uptake in surface 
or subsurface soils. An increase in 
buffer width also provides more land 
for nutrient and sediment deposition 
associated with overbank flows.

Where groundwater or 
surface stormwater flows 
into the riparian zone. Where 
the current vegetated buffer 
is very narrow, i.e. <10 m 
wide. Where there is enough 
space. This action will be less 
effective in very flat sandy 
landscapes where most 
nutrients are transported to 
the site by vertical movement 
of the watertable, as opposed 
to lateral movement of flow 
through the riparian buffer.

[26-28] [3]



CRC for Water Sensitive Cities Ltd.      Level 1, 8 Scenic Blvd Monash University, Clayton VIC 3800, Australia      info@crcwsc.org.au      www.watersensitivecities.org.au

Page 59

Action Explanation Conditions where action is 
most likely to be suitable 
andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

3c. Create a filter 
strip/ biofilter 
on the distal 
edge of the 
riparian buffer

Shallow-rooted plants such as 
grasses and sedges are particularly 
effective at stripping nutrients from 
surface flows. These plants are also 
very good at slowing flow so that 
sediment and associated nutrients 
are deposited.

Where the filter strip/
biofilter receives stormwater. 
Where excess nutrients in 
stormwater and subsurface 
drainage are inorganic (e.g. 
NOX, SRP) – i.e. readily taken 
up by plants.

[26, 29-31] [3, 30]

3d. Revegetate 
the buffer (i.e. 
increase plant 
density)

Increasing the density of riparian 
vegetation increases the root mass 
available to take up nutrients. More 
vegetation will also increase the 
amount of organic matter which will, 
in turn, improve nutrient processing 
by improving P-binding capacity 
and increasing the carbon content 
of soils (promoting denitrification in 
subsurface water). Dense vegetation 
also slows the rate of overland 
flows, providing more time for 
biogeochemical transformation. 

Where groundwater or 
surface stormwater flows 
into the riparian zone. Where 
vegetation density has been 
markedly reduced from 
natural levels. This approach 
will not be as effective in 
very flat sandy landscapes 
where most nutrients are 
transported to the site by 
vertical movement of the 
watertable, as opposed to 
lateral movement of flow 
through the riparian buffer.

[32-37] [3]

3e. Reconfigure 
the slope of the 
riparian zone

Nutrient processing will be enhanced 
when water filters slowly through 
riparian soils – as there is more time 
for nutrient adoption to soils, uptake 
by plants or microbially-mediated 
transformation. Changing a steep 
or very flat slope to a gentle to 
moderate slope promotes the slow 
lateral movement of water.

Where stormwater flows into 
the riparian zone. Where the 
riparian land has a very steep 
(>25°) or a very flat (0–2°) 
cross-sectional profile. 

[3, 28, 35, 38] None

3f. Raise or lower 
the local 
watertable. 
 
See Repairing 
flow: what 
to do in the 
catchment 
factsheet,  
Strategy 5, 
for individual 
actions

Most of the nutrient processing 
in riparian zones happens in 
the subsurface water. Where 
urbanisation has lowered the 
watertable, the goal should be to 
raise it so that N-rich groundwater 
comes into contact with C-rich 
surface soils to promote 
denitrification. Where urbanisation 
has caused the watertable to rise, 
the goal should be to lower it to 
reduce the volume of nutrient-rich 
groundwater flowing into the stream.

Where a marked increase or 
decrease in watertable height 
has occurred. See decision 
support tool in Bhaskar et 
al. 2016. Actions to raise the 
watertable are suitable for 
most sites, except where 
the groundwater is rich in 
bioavailable nutrients. Raising 
or lowering the watertable 
will be ineffective if the 
waterway is concrete lined 
(or constrained by bedrock) 
as there will be no contact 
between subsurface flow 
and the waterway. For more 
details, see Repairing flow: 
what to do in the catchment 
factsheet, Strategy 5.

[34, 39-41] See Repairing 
flow: what to do 
in the catchment 
factsheet,  
Strategy 5, and 
Repairing flow: 
what to do at the 
site, Strategy 
2, for individual 
actions and their 
guidelines.
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Action Explanation Conditions where action is 
most likely to be suitable 
andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

3g. Promote 
hydrologic 
connectivity 
by grading the 
bank, lowering 
the floodplain 
(e.g. terracing), 
raising the 
channel or 
other methods 
 
See Repairing 
lateral 
connectivity 
factsheet, 
actions 2a–d

Floodplains are hotspots of nutrient 
processing. Increasing overbank flow 
by using one of several techniques 
will promote water and nutrient 
exchange and processing. The flow 
of main-channel water onto riparian 
land also promotes sediment and 
nutrient deposition on the floodplain.

Where the channel is heavily 
incised. Where overbank 
flows will not cause damage 
to infrastructure or people. 
Proceed with caution if the 
floodplain contains nutrient-
rich stormwater biofilters. 
See associated factsheet for 
details.

[28, 34, 38, 
42-45]

[3] See associated 
factsheet

3h. Reconnect 
main channel 
to adjacent 
wetlands by 
removing levees 
and regulators, 
digging out 
blocked creeks

Floodplain wetlands are hotspots 
of mineralisation and nutrient 
transformation: reconnecting 
the main channel to wetlands will 
promote nutrient processing.

Where wetlands exist and 
they are predominantly 
nutrient ‘sinks’ not ‘sources’. 
Note, most wetlands shift 
temporally from source to 
sink – specific analysis may 
need to be done to determine 
the nutrient status of the 
wetland(s) at the site.

[42, 46]

3i. Line the 
stream bank 
and riparian 
wetlands with 
wet-dry tolerant 
sedges

Shallow-rooted sedges efficiently 
take up nutrients from the main 
stream channel and from riparian 
backwaters/wetlands/ depressions.

Where scouring urban flows 
have been managed. Sedges 
are most likely to survive if 
planted in low-velocity areas 
such as the inside of meander 
bends.

[35] See biofiltration 
guidelines

3j. Install 
permeable 
reactive 
barriers 
(bioreactors)

Permeable reactive barriers can 
adsorb nutrients (P04, NO3) or 
promote biologically-mediated 
nutrient transformation from laterally 
moving groundwater before it enters 
the waterway (e.g. denitrification). 
The media inside the barriers 
include iron oxide, calcium oxide, 
limestone or sawdust. Bioreactors 
help tackle localised source nutrient 
pollution (i.e. septic tanks, golf 
course) adjacent to streams and can 
be positioned so that subsurface 
drainage outputs filter through them.

Where localised nutrient 
pollution is entering the site 
from an adjacent land use 
(e.g. septic tanks, golf course) 
or from a subsurface drain or 
stormwater pipe. Where the 
watertable is high and soil 
carbon is low. Where nutrients 
are inorganic (e.g. NOX, SRP). 
Where restoration is occuring 
over a small area.

[47] [47-51] Match 
bioreactor 
type with the 
biogeochemical 
need

3k. Remediate soil Adding clay to sandy soils increases 
its ability to bind to nutrients, 
particularly phosphorus.

Where riparian soils are sandy, 
or have a low clay content. 
Where riparian soil receives 
stormwater. Where restoration 
is occuring over a small area.

[28, 35] 
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Action Explanation Conditions where action is 
most likely to be suitable 
andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

3l. Harvest grass 
and sedges 
from filter strips 
and along the 
channel bank

Young, rapidly growing plants take 
up more nutrients than older, slower 
growing plants; thus harvesting 
grass and sedges in filter strips or 
along the stream bank can promote 
vigorous regrowth and nutrient 
uptake. The removal of plant matter 
can also prevent nutrients from being 
released back into the system when 
plants die.

When phosphorus is a 
particular management 
priority.

[52, 53]

3m. Protect from 
fire

Fire in the riparian land will increase 
sediment and nutrient inputs into the 
waterway.

Most sites. Burning should be 
considered if the vegetation 
community needs fire for 
regeneration or recruitment.

[3, 54]

Strategy 4. Improve leaf litter inputs and retention
Suitability of Strategy: most suitable where the food web of the site is naturally supported by leaf litter inputs or by a 
productive floodplain.

Action Explanation Conditions where action is most 
likely to be suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

4a. Plant native 
vegetation in 
the stream-side 
zone

Leaf litter that falls into streams 
is an important source of energy 
(carbon) that supports the food 
web. Native rather than non-
native vegetation should be 
prioritised because its inputs are 
suitably timed and of appropriate 
quantity and quality.

Where the channel naturally had 
shrub or tree vegetation. Where 
the channel is narrow (< 10 m). 
Where urban scouring flows have 
been repaired such that leaves 
are not swept away – or the site is 
downstream of a flow regulating 
structure. 

[3, 41, 55] [3, 55]

4b. Increase 
channel 
sinuosity

Increasing channel sinuosity 
increases the area of exchange 
between the stream and the 
riparian zone, which increases 
the potential for leaf litter inputs.

Where the channel is narrow (< 10 m 
wide). Where the stream has been 
channelised.

[11]

4c. Increase buffer 
width

Increasing buffer width will 
increase leaf-litter inputs into 
small streams (channel width < 
10 m).

Where the current vegetated buffer 
is very narrow (i.e. < 10 m). Not 
appropriate where there are space 
constraints.

[56] [3, 56]

4d. Revegetate the 
riparian buffer

Increasing plant density 
increases the volume of litter 
fall into streams and the amount 
swept into streams during 
overbank flows.

Where high flows connect the 
riparian buffer vegetation with the 
main channel.

[3, 55] [3, 55]
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Action Explanation Conditions where action is most 
likely to be suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

4e. Add large 
woody debris 
(LWD) to the 
channel 

LWD traps leaves in the channel 
and increases their retention at 
the site. Bacteria and fungi are 
then able to condition the leaves 
and invertebrates can feed on 
them – supporting the food web.

Where the stream naturally had 
logs. Where the channel is narrow 
(< 10m). Where urban scouring flows 
have been repaired such that leaves 
are not swept away – or the site is 
downstream of a flow regulating 
structure. If concerns exist about 
the risk to urban infrastructure, we 
recommend using the Large Wood 
Structure Stability Analysis Tool 
<http://www.fs.fed.us/biology/nsaec/
products-tools.html> (Rafferty, 2017). 
The associated resource, Wohl et al. 
(2016), describes the process and 
may also be useful.

[3, 55] [3, 7, 17, 19-23]

4f. Promote 
hydrologic 
connectivity 
by grading the 
bank, lowering 
the floodplain, 
(e.g. terracing)
raising the 
channel or 
other methods 
 
See Repairing 
lateral 
connectivity 
factsheet, 
actions 2a–d

Improving the transfer of water 
and other materials (organic 
matter, animals) between the 
riparian floodplain and the 
channel will improve leaf inputs 
into the stream.

Where channels are heavily 
incised. Where the site would 
naturally experience river/floodplain 
connectivity (this typically increases 
as you move down the river 
network). See associated factsheet 
for details.

[3, 57] See associated 
factsheet

4g. Remove levees 
and other 
barriers

Regulators and levees disconnect 
the main river channel from the 
floodplain and its wetlands, 
preventing the flow of material 
(carbon). Levees/regulators 
should be removed if appropriate. 
If river wetland channels have 
become blocked with sediment 
they should be recut.

Where the site is a lowland river 
separated from productive floodplain 
wetlands.

[3, 58]

4h. Manage or 
redesign gross 
pollutant traps 
(GPTs) so that 
leaves pass to 
the stream

GPTs often trap large amounts 
of leaves, preventing their 
passage into the urban waterway. 
Managing these traps so that 
leaves are allowed to move into 
the stream will improve terrestrial 
carbon input to the food web.

Where GPTs are trapping large 
quantities of native leaves and 
streamside vegetation is limited. This 
action may not be suitable where 
most roadside vegetation is non-
native (deciduous), because high 
deciduous leaf loads in autumn may 
cause water quality (low oxygen) 
issues.

4i. Protect from fire Fire will destroy leaf litter and 
other vegetation inputs into 
streams.

Most sites. Burning should be 
considered if the vegetation 
community needs fire for 
regeneration or recruitment.
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Strategy 5. Improve aquatic habitat
Suitability of strategy: most suitable where the channel is narrow (< 10 m wide) and the natural vegetation is treed OR where 
the floodplain is wide with a low gradient (especially where wetlands are present).

Action Explanation Conditions where action is most likely to 
be suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

5a. Add large 
woody debris 
(LWD) to the 
channel

LWD creates aquatic 
habitat in many ways. It 
acts as shelter for fish 
and a stable substrate for 
biofilm development and 
invertebrates. It also creates 
hydraulic variability instream 
(patches of slow and fast 
flow), promoting the creation 
of other geomorphic features 
such as step-pools, bars and 
benches. LWD can also trap 
finer organic matter, such as 
leaves and sticks, creating 
debris dams that can provide 
important habitat for fish and 
invertebrates.

Where the channel is narrow (< 10 m). 
Where earthmoving machinery can 
access the site. Where scouring urban 
flows have been repaired such that LWD 
inputs will not be lost. When rapid repair 
of LWD is required. If concerns exist 
about the risk to urban infrastructure, 
we recommend using the Large 
Wood Structure Stability Analysis Tool 
<http://www.fs.fed.us/ biology/nsaec/
products-tools.html> (Rafferty 2017). The 
associated resource, Wohl et al. (2016), 
describes the process and may also be 
useful.

[3, 14, 20, 21, 41, 
59, 60]

[3, 7, 17, 19-23]

5b. Plant and 
maintain native 
vegetation in 
the streamside 
zone

Planting trees, particularly 
natives, adjacent to the 
channel provides long-term 
natural inputs (leaves, LWD) 
to the stream.

Where the channel naturally had shrub 
or tree vegetation. Where the channel is 
narrow (< 10 m). Where urban scouring 
flows have been repaired such that 
leaves are not swept away – or the 
site is downstream of a flow regulating 
structure.

[3, 14, 20] [3]

5c. Line the stream 
bank with wet/
dry tolerant 
plants

Lining the streambank with 
sedges creates complex 
habitat that protects 
zooplankton, aquatic 
invertebrates and frogs. Fish 
may also use this complex 
habitat as a spawning site.

Where sedges are not dislodged by 
scouring urban flows. Most likely to be 
effective where macrophytes are placed 
in depositional areas (e.g. on the inside 
and downstream of meander bends).

[20] [3]

5d. Install mesh 
cages or 
floating 
platforms

Steel cages containing 
wood can be anchored onto 
a heavily revetted urban 
channel at different heights 
to provide habitat for wet/
dry tolerant macrophytes. 
Alternatively, floating 
platforms can be anchored 
onto the bank of heavily 
revetted urban channels to 
provide a space for riparian 
vegetation to grow.

Revetted channels in lowland urban 
rivers, where more natural methods of 
habitat repair are not possible or likely to 
persist.

[61]
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Action Explanation Conditions where action is most likely to 
be suitable andeffective

Other 
references 
recommending 
action

Guidelines for 
implementation

5e. Create 
floodplain 
wetlands or 
depressions

Creating or protecting 
riparian wetlands and other 
depressions creates non-
flowing water aquatic refuges 
for instream fauna during 
spates of high urban flows. 
These stillwater habitats 
may also provide important 
habitat for species that would 
otherwise fare poorly in the 
main channel, e.g. frogs, 
invertebrates. 

Where enough floodplain space exists 
to create wetlands. Where earthworks 
do not create substantial damage to 
riparian vegetation.

[62-64]

5f. Promote 
hydrologic 
connectivity 
between the 
main channel 
and the 
floodplain 
 
See Repairing 
lateral 
connectivity 
factsheet, 
actions 2a–d

Promoting overbank flow 
allows water to fill the 
habitats from 5e, creating 
stillwater aquatic habitats 
with a variety of hydroperiods 
(i.e. permanent to highly 
ephemeral). This diversity 
of aquatic habitats will be 
suitable for a variety of fauna.

Where floodplain wetlands exist. Where 
overbank flows do not pose a risk to 
people and urban infrastructure. See 
associated factsheet for details.

[63, 65] See associated 
factsheet

5g. Protect from 
fire

Fire is likely to lead to a slug 
of sediment entering the 
waterway, which may bury 
instream habitat and cause 
oxygen levels to crash.

Most areas, particularly where 
stormwater filters over the riparian soils. 
Where the riparian buffer is moderate 
to steeply sloped > 10° and experiences 
high intensity rainfall (i.e. burnt riparian 
land will lose a significant amount of 
sediment to the site)
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Repairing riparian function: 
what to do at the site

Strategy 2. Stabilise the bank

Strategy 4. Improve leaf litter inputs and 
        retention

Strategy 5. Improve aquatic habitat

Strategy 1. Shade the stream

Strategy 3. Improve nutrient filtration & 
        sediment trapping


