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Abstract 

Sediment in urban stormwater systems creates a significant maintenance burden, while a lack 

of coarse-grained bed sediment in streams limits their ecological value and geomorphic 

resilience. Gravel substrates, for example, provide benthic habitat yet are often scoured from 

the channel bed only to end up in a detention basin or treatment wetland. This dual problem of 

both ‘too much’ and ‘too little’ coarse-grained sediment reflects a watershed sediment budget 

that is profoundly altered. We developed a conceptual urban coarse-grained (> 0.5 mm) 

sediment budget across three domains: hillslopes (urban land surfaces), the built stormwater 

network and stream channels. We then quantified key sources, sinks and storages for a 

suburban case study, using a combination of hillslope and in-channel monitoring, and 

interrogation of local government records. Around 36% of the sediment supplied to the 

stormwater network reached the catchment outlet, a level of sediment delivery much higher 

than observed in similar-sized natural catchments. The remainder was deposited in the 

sediment cascade and either stored, or extracted and removed from the catchment (e.g. material 

deposited in sediment ponds and gross pollutant traps). Conventional urban drainage networks 

are characterised by high hillslope sediment supply and low storage, resulting in efficient 

sediment delivery. Channel erosion, deposition in (and extraction from) pipes and channels, 

and floodplain deposition are small compared to sediment transport through the cascade. An 

understanding of the sediment budget of urban headwater catchments can provide stormwater 

and waterway managers with the information they need to address specific sediment problems 

such as sedimentation in stormwater assets and geomorphic recovery of urban streams.  
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1. Introduction 

A sediment budget is a quantitative account of the production, transport and discharge of 

sediment in a system (Dietrich et al., 1982). Geomorphic impacts within a river reach are the 

product of cumulative watershed effects from upstream, and it is rarely immediately apparent 

how these effects integrate over time and space to produce the observed impact. A sediment 

budget provides a useful conceptual tool for disentangling the relative importance of different 

sediment sources, sinks and storages in a system, and therefore for prioritising where best to 

invest management efforts (Reid and Dunne, 1996).  

Geomorphic impacts are ubiquitous in urban streams, and include both erosional and 

depositional impacts (Chin, 2006; Wolman, 1967). Channel enlargement occurs in response to 

increased flows from efficiently-drained impervious surfaces (Booth, 1990), whereas 

sedimentation results from increased sediment yields from a range of sources reaching low-

energy channel reaches, lakes and estuaries (Bugnot et al., 2019; Russell et al., 2018b). These 

geomorphic adjustments have wide-ranging impacts on the ecosystems of rivers and estuaries 

and the services they provide (Paul and Meyer, 2001; Walsh et al., 2005). Management 

responses at the site of impacts (e.g. rock protection, channel reshaping) can provide physical 

stabilisation, but rarely achieve an ecological benefit (Bernhardt and Palmer, 2007; Sudduth et 

al., 2011; Violin et al., 2011). Consequently, there is a current push towards addressing this 

catchment-driven problem at the source of the impacts (Bernhardt and Palmer, 2011; Palmer 

et al., 2014; Vietz et al., 2016a; Walsh et al., 2015). To do this requires an understanding of the 

main geomorphic drivers, namely water and sediment reaching the stream, including their 

source, quantities, intermediate transport and storage processes. While the sources and 

transport pathways of excess urban streamflow (namely, impervious surfaces and stormwater 

drainage systems) have been widely studied (Booth, 1991; Walsh, 2004), the same cannot be 

said for sediments.  
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Coarse-grained sediment supply regimes remain particularly poorly studied, despite their 

importance both as a key input to stream ecosystems (Hawley and Vietz, 2016) and as a cause 

of sedimentation issues in stormwater assets and channels. There is therefore a clear need for 

conceptual and quantitative sediment budgets of urban catchments which specifically include 

coarse-grained sediment fractions. Very few catchment-scale sediment budgets have been 

developed for areas altered by urbanization (Gregory et al., 2008), and those that do exist rarely 

include coarse-grained sediments.  

The partitioning of sediment supply between hillslope and channel erosion is a key output from 

many urban sediment budgets. We define ‘hillslopes’ as the land surfaces contributing water 

and sediment to stormwater drains and stream channels, which in the urban context include 

roads, roofs, parks, gardens and other pervious and impervious surfaces (the term ‘upland’ has 

been used as a synonym by other authors). A notable example of this partitioning is the 

sediment budget of San Diego Creek developed by Trimble (1997), who estimated that around 

30% of the sediment yield was supplied by hillslope erosion, with the remaining 70% supplied 

by channel erosion. Nelson and Booth (2002) estimated sediment supply from urban land 

surfaces to be approximately equal to the sediment supply from urbanization-induced channel 

enlargement. Several other estimates also put sediment production from urban hillslope sources 

at around one quarter to one half of gross sediment production (Allmendinger et al., 2007; 

Devereux et al., 2010; Gellis et al., 2017; Smith and Wilcock, 2015). While these findings 

indicate that channel enlargement tends to dominate urban sediment budgets, they also indicate 

that urban hillslopes are an important source. A study by Cashman et al. (2018) in Virginia, 

USA, is notable as an exception, finding that only 2% of the fine sediment in the channel bed 

and 8% of the suspended sediment was supplied by hillslope sources. This was attributed to 

widespread active incision in the channel network upstream. At the other end of the spectrum, 

Taniguchi et al. (2018) found that the contribution of urban hillslopes was exceptionally high 
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in Tijuana, Mexico (60-75%), attributing this to erosion due to infrastructure failure (such as 

burst water pipes) and the persistence of bare soil areas in their study area. Workers have 

identified other important hillslope sources including street residue (Devereux et al., 2010), 

construction (Allmendinger et al., 2007; Smith et al., 2011), yard work, maintenance, sediment 

spills (Smith and Wilcock, 2015), residential lawns and parks (Gellis et al., 2017). 

This research applies a sediment budgeting approach to improve our understanding of the 

coarse-grained sediment regime in urban catchments. Construction of a sediment budget 

requires the identification and quantification of sediment sources, storages and transport 

processes and the linkages between them (Dietrich and Dunne, 1978; Dietrich et al., 1982). 

The sediment cascade conceptualised in Figure 1 (adapted from Russell et al. (2019)) was used 

as the basis for the sediment budget. It identified sources, sinks and storages, and process 

linkages between them, across three domains: hillslopes, the built stormwater network, and 

channels. The sediment budget of the hillslope domain was previously estimated for a typical 

suburban catchment (Figure 11 of Russell et al. (2019)). The present work applies that 

conceptualisation to a headwater catchment case study, and, most importantly, extends it to 

include the stormwater network and channel domains. A full accounting of the budget can be 

time-consuming; however, rapid and simplified methods can produce budgets at a level of 

precision appropriate for many research questions (Reid and Dunne, 1996). For the present 

study, while all the conceptualised processes were included in the budget, only a subset of them 

were directly quantified.  

Monitoring of both hillslope sediment supply (Russell et al., 2019) and sediment yield at the 

catchment outlet (Russell et al., 2018a) allows us to place quantitative bounds on what happens 

in between. Sediment supplied from hillslopes to the stormwater network can be deposited in 

the stormwater network, in streams or on floodplains. Each flux in the cascade is driven by 

both the sediment supplied from upstream and the transport capacity and competence of the 
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runoff or flow at that point to transport the supplied sediment. Where supply exceeds transport 

capacity, sediment is deposited in storages, while where transport capacity exceeds supply, all 

supplied sediment can be transported and additional sediment can be liberated from storages 

or erodible channel boundaries. Therefore, sediment supply at each step in the cascade can be 

seen as both a cause of sediment yield downstream and an effect of transport capacity.  

Sediment can be extracted from the cascade by clean-out of stormwater assets and in-channel 

deposits as part of a maintenance regime,  a process which is usually absent in non-urban 

catchments. Further sediment can also be supplied by channel erosion before it reaches the 

catchment outlet. While we cannot currently compile a complete quantitative account of all 

these processes, we can quantify their combined influence, and infer their relative importance 

from other lines of evidence such as geomorphic observations of the channel and local 

government data. 

This research aims to quantify the relative importance of key sources, sinks and storages of 

coarse-grained sediment in urban catchments. This allows conceptualisation of changes in the 

sediment budget from natural to urban conditions, and to subsequently understand the 

opportunities for better managing sediments in urban streams.  

2. Materials and methods 

2.1 Overview 

A coarse-grained sediment (> 0.5 mm and > 2 mm) budget was developed for the suburban 

Scotchmans Creek catchment in Melbourne, Australia (catchment area: 546 ha; Figure 2). The 

catchment has previously been described in detail in Russell et al. (2019) and has been the site 

of monitoring of hillslope coarse-grained sediment supply and catchment bedload sediment 

yield, using sediment traps. The trapped bedload material was mainly coarse, consisting of 96% 

material larger than 0.5 mm in diameter and 63% coarser than 2 mm.  
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We used the conceptual sediment cascade developed in Russell et al. (2019) (Figure 1) to guide 

the development of this budget. We were able to develop quantitative estimates for several 

components of the cascade (hillslope supply to stormwater network, extraction from gross 

pollutant traps, bedload yield, total coarse-grained yield), order-of-magnitude estimates for 

others (total hillslope erosion, storage on hillslopes, extraction by street sweeping), while the 

remaining components were unknown in magnitude and made up the residual of the sediment 

budget. 

2.2 Hillslope supply to stormwater network 

Hillslope coarse-grained sediment supply to the stormwater network was estimated through a 

combination of monitoring sediment yield in street-scale catchments and regression modelling 

of the contribution of different land cover types to the measured yields, as described in Russell 

et al. (2019). Nine hillslope sites were monitored (Figure 2): four highly urbanized (>95% total 

imperviousness (TI)), four suburban (24-73% TI) and one suburban with construction (34% 

TI, 18% construction). Monitoring was undertaken during a relatively dry year, from May 2017 

to April 2018, in which the total rainfall was 26% lower than the long-term mean annual 

rainfall. However, intense events did occur, with a maximum 6-minute rainfall total of 9.2 mm 

(annual exceedance probability around one in six years). 

The catchment was classified into land cover categories (Table 1). TI and roof area were 

derived from unpublished 2009 land cover mapping by Grace Detailed-GIS Service 

(www.gracegis.com.au). A 10% growth factor was applied to account for infill development 

to 2017, based on observed growth in the nearby suburban Brushy Ck catchment (Russell et 

al., 2018a). Impervious surface cover at ground level was the difference between TI and roof 

area. Construction areas were assessed visually from NearMap orthophoto imagery captured 

in September 2017. The remaining pervious area was partitioned into grass/mulch and gravel 

using the proportion of each land cover type from the detailed mapping of hillslope catchments. 
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60% of all pervious surfaces (including grass/mulch, gravel and construction areas) were 

assumed to be ineffective in supplying coarse-grained sediment due to poor sediment 

connectivity. Informing this were detailed GIS and field-based assessments of ineffective (i.e. 

poorly connected) areas within the hillslope monitoring catchments, as detailed in Russell et 

al. (2019). Parts of the catchment impacted by known sediment barriers (ponds and gross 

pollutant traps) were mapped (Figure 2) and their land-cover distribution assessed separately 

(Table 1). 

Russell et al. (2019) estimated typical coarse-grained sediment supply rates for each land cover 

type within the study area, by fitting linear regression models between the measured sediment 

load from each hillslope catchment and the contributing area of each land cover type. Those 

reported supply rates were used to compute the total hillslope sediment supply for >0.5 mm 

and >2 mm material for the whole Scotchmans Creek catchment, and the contribution of each 

land cover type to the total. Land cover proportions were input to the linear regression models 

from Russell et al. (2019) (i.e. multiplied by the typical supply rates) to give estimates and 95% 

prediction intervals for the combined impervious, grass/mulch and gravel contributions in each 

catchment. The contribution from the uncertainty in the construction yield could not be 

estimated because it was based on just one catchment. We believe the variability in yields from 

construction areas will be higher than the variability from other urban surfaces (Russell et al., 

2017), inflating the calculated prediction interval slightly.  

2.3 Sediment extraction from hillslopes 

Sediment is extracted from hillslopes in the catchment by excavation during construction and 

landscaping, and street sweeping, and then carting the waste material off-site. Excavation 

quantities were not available. Street sweeping quantities were estimated using totals provided 

by local government (City of Monash) which included both coarse and fine materials as well 

as trash and organic matter. To estimate the proportion of coarse inorganic matter, we collected 
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two samples of street sweepings from two different City of Monash waste piles on 27 July 

2018. The samples were dried and weighed, trash and organic matter were removed, and the 

inorganic sediment was dry-sieved through 2 mm and 0.5 mm sieves, to derive the mass 

fraction >0.5 mm and >2 mm. 

2.4 Sediment extraction from stormwater network 

Sediment barriers such as gross pollutant traps (GPTs) and ponds were identified from local 

government data and field-verified. Their catchments were mapped using LiDAR data, and 

land cover was classified using the same methods as for the broader catchment (Table 1). 

Coarse-grained sediment supply was computed for the catchment areas impacted by sediment 

barriers and for catchment areas downstream of sediment barriers. Sediment in these systems 

was assumed to be completely removed from the system, as sediment cleaned out of ponds and 

GPTs is generally taken to landfill. Local government data on GPT clean-out frequency and 

mass removed were used to validate these assumptions. 

2.5 Bedload yield 

Bedload samples were collected at the catchment outlet 28 times from 13 July 2016 to 2 August 

2017 (as described in Russell et al. (2018a)), and then a further 7 times to 24 April 2018. 

Sampling after 2 August 2017 was undertaken approximately monthly, on the same days as the 

hillslope sediment traps. The first year of the monitoring period was close to the long-term 

average annual rainfall (Russell et al., 2018a), while the second was drier than average (Russell 

et al., 2019). The maximum 2-hour rainfall total was 37 mm in December 2016, with an annual 

exceedance probability of around one in ten years.  

A custom-made bedload trap was installed in the stream, and sampling was undertaken as 

described in Russell et al. (2018a) (Figure 3A). The sediment trap capacity was exceeded after 

some rainfall events and sediment bypass was likely. To account for this, bypass quantities 

were estimated using regression between measured load and peak flow for the non-bypass 
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events. Stream gauging at the site is described in Russell et al. (2018a). Some bypass was also 

observed around the trap edges, which was accounted for using a +50% correction based on 

the width of the trap (1.0 m) compared to the bedload-transporting width of the channel (1.5 

m) (Figure 3B).  

The subsample was processed and specific annual yield and particle size distribution (PSD) 

calculated as per the procedure outlined in Russell et al. (2018a). The total rainfall during the 

sampling period was 1.66 times the mean annual rainfall. Therefore, the total load measured 

over the 21-month period was divided by 1.66 and by the catchment area to derive the specific 

annual yield, for years with mean annual rainfall, and assuming that load per millimetre of 

rainfall is constant. 

2.6 Total coarse-grained yield  

A fraction of the hillslope coarse-grained sediment supply in the stream was assumed to be 

transported in near-bed suspension and thus bypass the bedload trap. This portion of the coarse-

grained load was estimated using an indirect method. The total yield, including coarse-grained 

sediment transported in suspension, was estimated based on the difference between the particle 

size distribution (PSD) of the total load and the bedload, and a threshold particle size above 

which virtually all particles are transported as bedload. This threshold was estimated using the 

fall velocity criterion of (Van Rijn, 1984). For larger particles (particle parameter D∗ > 10 or 

particles larger than approximately 0.4 mm), the threshold is represented by:(Van Rijn, 1984) 

𝑢∗,𝑐𝑟𝑠
𝑤𝑠

= 0.4 (1) 

Where 𝑢∗,𝑐𝑟𝑠 is the critical bed shear velocity and 𝑤𝑠 is the particle fall velocity. This means 

when the fall velocity of the particle is greater than 2.5 times the shear velocity of the flow, 

very little to no suspension of that particle occurs. Based on a HEC-RAS hydraulic model for 

the reach where bedload was monitored, the maximum recorded flow during the sampling 
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period produced a maximum shear velocity of 0.36 m/s on the bed just upstream of the bedload 

trap. The critical fall velocity for partial suspension is therefore 0.9 m/s, corresponding to a 

particle diameter of 38 mm, based on the equation for high particle Reynold numbers (Ferguson 

and Church, 2004): 

𝑤𝑠 = √
4𝑅𝑔𝐷

3𝐶2
(2) 

where D denotes the particle diameter, R its submerged specific gravity (1.65 for quartz in 

water), g the acceleration due to gravity, and C2 the constant asymptotic value of the drag 

coefficient CD (≈ 1 for natural grains).   

This means that particles larger than 38 mm in diameter are transported entirely as bedload, 

while particles between 0.5 and 38 mm may be transported in suspension or as bedload. The 

proportion transported as bedload was estimated using the bedload and total load (bedload plus 

suspended load; > 0.5 mm) PSDs. The total load PSD was assumed equal to the mean PSD of 

measured suburban hillslope supply, but with a maximum particle size equal to the maximum 

particle size in transport in Scotchmans Creek (as those large but rare particles must be supplied 

from somewhere, even if they weren’t recorded in the hillslope catchments). This approach 

assumes conservation of sediment sizes through the stormwater network and minimal 

contribution of channel erosion to sediment supply.  

The total yield coarser than 38 mm was calculated from the measured bedload PSD. The 

proportion of the total coarse-grained sediment yield coarser than 38 mm was estimated from 

the total load PSD. The total yield coarser than 38 mm was divided by this proportion to give 

an estimate of the total coarse-grained (> 0.5 mm) yield.  
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3. Results  

3.1 Hillslope supply to stormwater network 

For the total Scotchmans Creek catchment, the coarse-grained (> 0.5 mm) hillslope sediment 

supply to the stormwater network was estimated to be 47.5 kg/ha/yr, provided mostly by 

grass/mulch surfaces (34%) and construction areas (36%), with smaller contributions from 

gravel (20%) and impervious surfaces (10%) (Figure 4). Considering only sediment coarser 

than 2 mm, construction contributed more (42%), while less was supplied by 

grass/mulch/gravel surfaces (52%) and impervious surfaces (6%). The hillslope sediment 

supply was significantly lower than similar studies in the United States (e.g. Smith and 

Wilcock, 2015), but this is likely explained by the geologically older landscapes in Australia 

(Russell et al., 2019).  

The catchment upstream of sediment barriers (e.g. gross pollutant traps) is more impervious 

(58% total impervious) than the greater catchment (47% total impervious) and consequently 

has slightly lower sediment supply. The catchment downstream of the sediment barriers, 

therefore, has slightly higher unit-area sediment supply than the greater catchment.  

Prediction intervals (95%) of approximately ±40% were estimated for the yield from combined 

grass/mulch, gravel and impervious parts of the catchment.  

3.2 Hillslope erosion, storage and extraction 

Estimated erosion, storage and extraction quantities for hillslopes are listed in Table 2. On 

hillslopes in urban areas, estimates of processes indicate that only a fraction of eroded sediment 

reaches the stormwater network. On pervious surfaces, much of the eroded sediment (around 

60%, based on average levels of connectivity from detailed mapping; see Russell et al. (2019)) 

is likely captured and stored behind fences and in sinks and low-gradient areas.  

Of the sediment that reaches impervious surfaces (especially roads), a portion is removed by 

street sweeping. Local government reports that they remove 3000 tonnes per year of material 
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from their 81 km2 area (City of Monash, 2018). Type of material and particle sizes are not 

recorded. Street sweeping samples taken from two different City of Monash waste piles on 27 

July 2018 contained 40% and 47% coarse (> 0.5 mm) inorganic sediment respectively. The 

gravel (> 2 mm) proportions were 13% and 14% of the total respectively. The remainder was 

fine sediment, trash and coarse organic material. From this information, we estimated street 

sweeping removal rates of 149-173 kg/ha/yr (32-33% of hillslope erosion) for > 0.5 mm 

sediment and 49-51 kg/ha/yr (30% of hillslope erosion) for > 2 mm sediment.  

A local government asset cleansing supervisor indicated that while sweepings tend to be 

reasonably dry, some water is used by sweepers in dust suppression, and therefore the stated 

mass may be an overestimate of dry mass (A. Love pers. comm.). In addition, the sampled 

waste piles had unusually high amounts of sand and gravel, and that sweepings are usually 

richer in organic matter (A. Love pers. comm.), further indicating that our removal rates are 

likely overestimates. A study in inner Melbourne (a similar context to our study area, albeit 

with lower organic loads) showed that vacuum-removable sediment on the road surface 

consisted of 41-74% coarse-grained (> 0.5 mm) material including 5-16% gravel (> 2 mm) 

(Vaze and Chiew, 2002).  

3.3 Sediment extracted from stormwater network 

Sediment extraction from the stormwater network (gross pollutant traps/ponds) was estimated 

to disconnect 12% of the catchment from supplying sediment to the outlet, and to remove 5.3 

kg/ha/yr from the budget, of which 2.1 kg/ha/yr is coarser than 2 mm. This accounts for 1% of 

total hillslope erosion or 11% of hillslope supply to the stormwater network. 

Local government-provided gross pollutant trap (GPT) clean-out data (I. Marsh, unpublished 

data) indicates that the total amount (including fine material) actually cleaned out of GPTs in 

the study area was around 9 tonnes per year (3 times as much as the 2.9 tonnes per year of 

coarse material estimated to be removed from GPTs in our budget). Particle sizes of the 
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removed material are not measured by local government, limiting the possibility of direct 

comparisons.  

Records also indicated that the GPTs were often full when cleaned out, suggesting that bypass 

is likely to have occurred. The largest GPT was full on 42% of occasions when cleaned out, 

and was, on average, around 80% full when cleaned out. The second-largest GPT was full on 

all occasions except the last (March 2018). Its catchment was subject to widespread active 

construction from before 2009 to present, with construction rates declining in recent years as 

the development has reached completion. It is expected that the incidence of sediment bypass 

will decline further in future for that GPT. Because it couldn’t be reliably estimated, bypass 

was not accounted for in our final calculations. Instead, we assumed that all material that 

reached a GPT or sediment pond was retained and extracted. 

City of Monash workers indicate that additional deposition in the stormwater network and 

subsequent unplanned sediment extraction is substantial (D. Fleming, pers. comm.). Residents 

report blocked pipes or pits to local government, who then clean out the offending sediment, 

trash, or organic debris. Records are not kept of the quantity or type of material removed. This 

flux makes up part of the sediment budget residual.  

3.4 Bedload yield 

The measured coarse-grained (> 0.5 mm) bedload in Scotchmans Creek was 2.8 kg/ha/yr, of 

which 1.9 kg/ha/yr was coarser than 2 mm. The measured quantities are likely to underestimate 

the true bedload yield due to material bypassing the trap, either by being transported over the 

top of it when it was full (vertical bypass), or by transport around its sides (lateral bypass).  

Vertical bypass occurred in 6 out of 35 sampled events. The total coarse-grained bedload for 

each sample was well-predicted by peak flow of the preceding event (Russell et al., 2018a), 

therefore the amount bypassed could be estimated by regression. A linear model was fitted 
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between the natural log of coarse-grained bedload and untransformed peak flow for the non-

bypass events, and the total coarse-grained bedload for the bypass events was predicted. The 

three smallest bypass events likely had very little bypass, as their measured loads aligned 

closely with the modelled load corresponding to their peak flow. Bypass quantities in the three 

largest events were estimated to total 21% of the total measured coarse-grained bedload. The 

estimated proportion of material coarser than 2 mm bypassed was greater (26%) as bypass 

events tended to have coarser bedload particle size distributions than non-bypass events. This 

proportion was estimated from the total coarse-grained bedload multiplied by the proportion of 

captured material > 2 mm for each bypass event. 

Lateral bypass accounted for around an additional 50% of the bedload quantity, as the bedload-

transporting width of the stream was estimated to be 1.5 times the width of the bedload trap. 

The final coarse-grained bedload yield estimate including bypass allowances was 5.1 kg/ha/yr, 

of which 3.6 kg/ha/yr was coarser than 2 mm.  

The estimated bedload is, as expected, much lower than published urban suspended or total 

load estimates (e.g. 210 kg/ha/yr (Wolman, 1967); ~8000 kg/ha/yr (Yorke and Herb, 1978)) 

and a lack of published bedload estimates makes comparisons difficult (Russell et al., 2017). 

One study in a contrasting context in Tennessee (steeper, higher rainfall, different geology) 

reported bedload of 63 kg/ha/yr from a 19 km2 urban catchment. This reinforces the need for 

further field-based studies in order to have more reliable estimates of bedloads and the factors 

that drive them in urban and suburban catchments. 

3.5 Total coarse-grained yield 

The particle size distributions (PSD) of Scotchmans Creek bedload were skewed towards much 

coarser size fractions than the hillslope supply (Figure 5), indicating that much of the supplied 

coarse-grained sediment was likely transported in suspension. The total specific annual yield 

of particles coarser than 38 mm (the threshold particle size for partial suspension) in 
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Scotchmans Ck was 0.9 kg/ha/yr. Based on a total load PSD constructed from the hillslope 

supply data, approximately 3% of the total load was coarser than 38 mm, and 31% was coarser 

than 2 mm. This resulted in a coarse-grained (> 0.5 mm) total yield estimate of 31.9 kg/ha/yr, 

of which 10.0 kg/ha/yr was coarser than 2 mm. 

4. Discussion 

4.1 Catchment-scale sediment budget  

A coarse-grained sediment budget (> 0.5 and > 2 mm sediments) for Scotchmans Creek 

catchment, incorporating erosion, supply, storage, extraction and yield, is shown schematically 

in Figure 6. Fluxes that could be estimated with more certainty are indicated with solid arrows, 

whereas fluxes with approximate estimates are indicated with hashed arrows.  

The coarse-grained sediment budget illustrates the relative importance of different sources, 

storages and extraction mechanisms in a suburban headwater catchment. Sediment yield 

diminishes from hillslopes to the built stormwater network to the channel, as sediment is stored 

along the way, and removed from surfaces, pipes and channels. We estimate that around 10% 

of sediment > 0.5 mm eroded from hillslopes reaches the stormwater network, and around 67% 

of what is delivered to the stormwater network reaches the catchment outlet. 

Coarser sediments are slightly less efficiently delivered through the stormwater network. When 

only coarser (> 2 mm) sediments are considered, around 36% of the sediment delivered to the 

stormwater network reaches the catchment outlet.  

The computed proportions of sediment delivered are specific to the time period of monitoring 

and are influenced by the antecedent and enduring climatic conditions of the period, as well as 

the initial status of sediment stores. A sediment cascade primed with large quantities of 

sediment in storage will respond to the same runoff regime with greater sediment yield than a 

cascade with initially empty storages. In addition, the storms that produce the greatest erosion 
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on hillslopes (intense, shorter duration storms) may not produce adequate transport capacity in 

the network or channel to deliver that sediment, leading to increasing storage. The longer 

duration storms that drive the greatest transport capacity in the channel, but not necessarily 

high sediment delivery from hillslopes, will be associated with re-entrainment of sediment from 

storages further down the cascade. The hydrologic regime of the monitoring period included 

both long- and short-duration storms, including a one in ten year annual exceedance probability 

(AEP) 2-hour storm (December 2016) and a one in six year AEP 6-minute storm (December 

2017), which could have had the effect of flushing out sediment stores and then replenishing 

them.  

The complexities of sediment routing through storages mean that sediment yield is commonly 

poorly-related to gross erosion over short time-scales, and therefore the spatial and temporal 

lumping of a sediment budget can be problematic (Fryirs, 2013; Walling, 1983). The present 

conceptualisation of total fluxes through the urban sediment cascade is based on a monitoring 

timescale of 1 to 1.75 years spanning multiple intense runoff events in a hydrologically 

responsive and highly engineered catchment (i.e. sediment storage is limited, both by design 

of drainage systems and by sediment extraction). While considerable uncertainty remains, this 

sediment budget is a useful step towards a more complete understanding of the sediment regime 

of urban catchments. Future work might be best directed at understanding sediment transit 

times through the cascade and the influence of hydrologic variability. These findings will 

enable improved mechanistic models of sediment delivery that incorporate the effect of 

transport capacity and competence at each step in the cascade.  

4.2 Sediment budget residual 

In quantifying components of the suburban sediment budget, a number of unknown quantities 

are also highlighted. The quantification of hillslope supply to the stormwater network, 

extraction from gross pollutant traps (GPTs) and total yield from the channel allows us to 
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compute a residual, which is the sum of all unknown storages and extractions minus all 

unknown sources in the built stormwater network and channel domains. Our estimates put the 

residual of the stormwater network and channel domains for Scotchmans Creek at 10.3 kg/ha/yr 

of which 6.9 kg/ha/yr is coarser than 2 mm (Table 2). The residual represents 22% of the 

hillslope supply to the stormwater network (36% for > 2 mm material).  

The components that are thought to make up the residual are provided in Table 3, along with 

an evaluation of their approximate contribution (minimal/moderate/substantial). Our 

assessment indicates that the residual is likely dominated by storage in, and extraction (clean-

out) from, the stormwater network, along with storage on floodplains. Sediment accumulation 

in the stormwater network is a large problem for local stormwater managers, necessitating 

frequent unplanned clean-out, providing some support for the size of this residual. Anecdotally, 

construction materials and organic matter (prunings, lawn clippings) create a large proportion 

of blockages (D. Fleming pers. comm.). Records are not kept of the amount of sediment cleaned 

out of pits and pipes (apart from GPTs), making quantification impossible.  

Given that around 90% of natural channels in the catchment have been converted to pipes(see 

Figure 2), and the open channel that remains is armoured and stable, channel erosion is not a 

major component of the sediment budget. Direct human interventions to stabilise channels or 

increase flood conveyance are common in developments older than 5-10 years (Hawley et al., 

2012), or with EI greater than ~ 10% (Vietz et al., 2014; Vietz et al., 2016b). Scotchmans 

Creek, with development age of 50+ years and EI approaching 50% is well within that realm 

where much of the channel has undergone rock protection as a response to erosion, and so the 

legacy is a moribund channel with little erosion.  

Between June 2015 and December 2017, a small area of bank erosion was identified near the 

catchment outlet (Figure 7). A bench was re-establishing just downstream of the eroded bank, 

indicating recovery (and sediment redistribution and in-channel storage). There was no 
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evidence of a consistently erosional regime in this reach. Sediment deposition in the channel, 

and clean-out from them, was not observed either. Floodplain deposition, however, was 

observed multiple times over the study period (Figure 8). This is consistent with previous work 

which has found floodplains to be important sinks of sediment derived from urban areas. Hupp 

et al. (2013) found substantial amounts of floodplain deposition along a suburban stream, 

indicating that floodplains continue to play a sediment trapping role in highly altered 

catchments. Allmendinger et al. (2007) and Gellis et al. (2017) both found, in different urban 

catchments, that around a third of total sediment supply from hillslopes and channel 

enlargement was stored on the floodplain. Other work in the Melbourne region, however, 

showed that floodplain inundation was less frequent and extensive in an urban stream than its 

non-urban analogue (Anim et al., 2018a; Anim et al., 2018b), highlighting that diverse 

responses of floodplain engagement are possible. 

 

4.3 Uncertainties of the sediment budget 

Despite being one of the most comprehensive urban sediment budgets conducted to date, an 

assessment of uncertainty in the sediment budget is necessary to ensure that conclusions are 

robust in the face of multiple interacting sources of error. Such uncertainty is highlighted when 

sediment budgets developed by different methods result in different findings for the same 

watershed. For example, Gellis et al. (2017) estimated that hillslope sources provided 36% of 

the sediment supply to Upper Difficult Run in Virginia, using a sediment budgeting method 

based on physical measurements of channels and floodplains. For the same catchment, 

Cashman et al. (2018) estimated that only 2% of the fine sediment in the channel bed and 8% 

of the suspended sediment were supplied by hillslope sources, using a sediment fingerprinting 

approach. This highlights the inherent uncertainty in sediment budgeting, particularly when 

inferring from the residual (unmeasured) component of the budget. Uncertainties in sampling 
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and measurement compound in the estimated components of the budget and hence in the 

residual. The large standard deviations reported by Gellis et al. (2017) for measured 

components indicate that their residual could well be due to statistical error rather than any 

physical phenomenon.  

For the Scotchmans Creek sediment budget, error components are listed and assessed in Table 

4. The hillslope domain of the sediment budget contains substantial uncertainty, with both the 

street sweeping and hillslope storage components possibly varying by an order of magnitude. 

The hillslope supply to the stormwater network could vary by around ±40% while the 

uncertainty in total channel yield was not quantified but could be substantial given the indirect 

method used. The total residual computed for the stormwater network and channel domains 

(22% of hillslope supply) is less than the uncertainty in supply, indicating that it could be 

produced by statistical error rather than physical processes of net storage and extraction. We 

have anecdotal evidence that such processes are occurring but the present analysis doesn’t give 

a firm basis to estimate their magnitude. 

4.4 Alteration of the sediment budget from natural conditions 

A natural coarse-grained sediment budget was conceptualised (but not quantified) for 

comparison to the suburban sediment budget for Scotchmans Creek (Figure 9). A qualitative 

assessment of the likely direction of change in fluxes (Table 5) was used to inform the likely 

relative magnitude of sediment fluxes in a similar, forested catchment. A recent study revealed 

that in the study area, coarse-grained sediment yields from urban catchments are much higher 

than their forested counterparts (Russell et al., 2018a). Despite the apparently low erodibility 

of suburban catchments, the exposed soil surfaces, efficient drainage paths and higher runoff 

quantity and frequency have been found to increase sediment yield. Reduced storage can occur 

through encroachment of urban development into natural sediment stores (e.g. floodplains) and 

increased transport capacity keeping remaining stores scoured of sediment. The addition of 



 

 

This article is protected by copyright. All rights reserved. 

 
 

sediment extraction (e.g. street sweeping, gross pollutant trap clean-out) is not able to 

compensate for the reduced storage, resulting in much more efficient sediment delivery through 

the cascade. This response is likely dependent on the background sediment-supply context. In 

high yield environments, sealed surfaces may reduce erosion potential, resulting in decreased 

yields relative to background conditions (e.g. southern California; Brownlie and Taylor 

(1981)).  

4.5 Management implications of the sediment budget 

There are two common sediment management issues affecting urban drainage networks. The 

first is the accumulation of sediment in stormwater systems, ponds, lakes, wetlands and 

estuaries, necessitating costly clean-out and disposal. The second is the lack of bed sediment 

in stream channels resulting in simplified channels with little habitat value. The observation of 

these scoured urban channels has led researchers to suggest that these systems are sediment-

starved (Palmer et al., 2004; Pizzuto et al., 2000).  

Our suburban sediment budget provides a framework to understand how these seemingly 

opposing issues can occur at different locations in the same system. Hillslope erosion remains 

high in suburban catchments (possibly even higher than natural forested conditions), and 

sediment is delivered relatively efficiently to stormwater pipes and then channels. When it 

reaches specific parts of the network with low flow energy (low gradient pipes, gross pollutant 

traps, ponds, weirs, wetlands, estuaries), the elevated sediment load causes detrimental 

sedimentation issues. While some of the excess sediment is extracted by sweeping and clean-

out activities at various stages in the sediment cascade, the amount removed is not enough to 

reduce sediment loads to the channel back to pre-urban levels. There are elevated loads of 

sediment moving through the urban network, but due to the high-energy urban flow regime, 

coarse-grained sediment generally does not build up and persist in channels where it would be 
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beneficial. This is reflected in the relatively small magnitude of storage fluxes in the sediment 

budget.  

To address one or other of these issues, different approaches could be used. To reduce 

sedimentation requires either a decrease in sediment delivery from hillslopes (e.g. better 

sediment controls on construction) or an increase in storage and extraction (e.g. more sediment 

ponds). To increase substrate persistence in streams requires greater sediment supply or less 

storage and extraction of coarse-grained sediment fractions. Of course, the necessity of 

reducing the fine-grained sediment fractions which are associated with high levels of toxicity 

(Liebens, 2001) complicates this. The only solution to both these problems is to reduce 

sediment transport capacity (i.e. streamflow) by retaining runoff close to its source. However, 

measures which reduce stormwater runoff (e.g. rain gardens) tend to also reduce sediment 

supply from hillslopes, resulting in persistent coarse sediment supply limitations (Russell et 

al., 2019). Key coarse-grained sediment sources and supply pathways therefore need to be 

protected (Stein et al., 2012). We suggest that stormwater controls on roof runoff (e.g. rainwater 

tanks) and fully impervious watersheds will produce the greatest benefits, reducing flows 

without blocking key coarse sediment sources, while controls on watersheds with pervious 

surfaces may require coarse sediment bypass arrangements to maintain supply to streams. 

Bypass arrangements would also reduce ongoing stormwater system maintenance. Direct 

sediment replenishment to streams may be an appropriate complementary measure where 

bypass is infeasible or inadequate. If stormwater runoff is managed and hydraulic conditions 

in the stream are appropriate, these bypass or replenishment arrangements could provide the 

coarse sediment inputs to help substrates and channel complexity to recover. 

Ultimately, if adequate freedom space can be provided to streams, along with flow regime 

management, we can strive for greater resilience in urban streams. Greater engagement of 

floodplains allows both flood and sediment storage, while a greater tolerance for channel 
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dynamism enables self-adjustment to the prevailing hydraulic and sediment supply conditions 

(Biron et al., 2014; Vietz et al., 2016a). 

5. Conclusion 

This research conceptualised the coarse-grained sediment budget for suburban catchments, 

covering the three key domains of hillslopes (urban land surfaces), the built stormwater 

network, and channels. We quantified key fluxes for a case study catchment, finding 

diminishing sediment delivery downstream through the three domains. Hillslope erosion was 

the key source of coarse-grained sediment, which was then trapped or removed from the 

catchment by storage and extraction processes through the cascade. Key hillslope sources 

included construction, lawns, gardens and gravel surfaces. Construction, even when limited to 

infill or lot-scale dwelling replacement, is likely an important sediment source in all urban 

catchments. Sediment extraction activities such as street sweeping and clean-out of ponds and 

gross pollutant traps are undertaken by stormwater managers to address issues of sedimentation 

on roads, and in drains and channels. Of the coarse-grained sediment delivered to the 

stormwater network from hillslopes, around 40% was delivered to the catchment outlet with 

the remainder stored in, or extracted from pipes, channels and floodplains along the way. 

The suburban sediment budget differs from a natural forested catchment in the addition of the 

built stormwater network domain and a number of key extraction fluxes, as well as changes in 

the magnitude of key erosion and storage fluxes. Hillslope erosion is greater, and storage fluxes 

smaller in the suburban catchment, resulting in much more efficient sediment delivery and 

higher sediment yield than comparable forested catchments. 

Better management of both erosional and depositional sediment issues in urban drainage 

networks and streams requires reductions in urban runoff and hence flow energy and sediment 

transport capacity. By reducing runoff, we may be able to encourage sediment storage where 
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we want it to retain substrates and channel complexity, while reducing sediment loads and 

sediment accumulation where it is unwanted (e.g. in stormwater control measures and receiving 

waters). A potential complication of flow regime management is that stormwater controls often 

block key pathways for coarse sediment supply from hillslopes to channels, resulting in 

persistent supply limitations. To avoid this, stormwater controls should be targeted at the types 

of surfaces that produce least sediment and most runoff, such as roofs and ground-level fully 

impervious catchments. Stormwater controls on partly-pervious catchments may require 

coarse-sediment bypass arrangements. Direct sediment replenishment to channels may also be 

considered. Flow and sediment regimes must be considered in tandem to restore geomorphic 

form and function in urban streams. 
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Table 1 Characteristics of Scotchmans Creek catchment 

 Catchment 

area (ha) 

Land cover (%) 

Ineffective 

catchment 

area† 

Impervious 

(roof) 

Impervious 

(non-roof) 

Grass/ 

Mulch 

Gravel Construction 

Scotchmans Creek 

total 

546 31.6% 25.7% 21.7% 19.2% 1.2% 0.6% 

Scotchmans Creek 

sediment barrier 

catchments‡ 

64 25.5% 23.9% 33.6% 15.4% 1.0% 0.6% 

Scotchmans Creek 

excluding sediment 

barrier catchments‡ 

482 32.4% 25.9% 20.2% 19.7% 1.3% 0.6% 

† Ineffective catchment areas (e.g. fenced backyards and poorly drained depressions) estimated 

at 60% of total pervious area 

‡ Sediment barriers include ponds and gross pollutant traps; see Figure 2 for sediment barrier 

locations and catchment boundaries. 
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Table 2 Estimated erosion, supply, storage, extraction (mechanical removal) and 

yield sediment fluxes for Scotchmans Creek. Proportions of the estimated 

total hillslope supply and proportions of the yield to stormwater network 

are also given. 

Domain Component > 0.5 mm sediments > 2 mm sediments 

  Flux 

(kg/ha/yr) 

% of total 

hillslope 

erosion 

% of supply 

to 

stormwater 

network 

Flux 

(kg/ha/yr) 

% of total 

hillslope 

erosion 

% of supply 

to 

stormwater 

network 

Hillslope Total hillslope EROSION 462-520 100%  164-169 100%  

 STORAGE on hillslopes 266-269 58%  96-99 59%  

 SUPPLY to impervious 

surfaces 

197-221 42%  68-70 41%  

 EXTRACTION (street 

sweeping) 

149-173 32-33%  49-51 30%  

 SUPPLY to stormwater 

network 

47.5 9-10% 100% 19.0 11-12% 100% 

Built 

stormwater 

network 

EXTRACTION (gross 

pollutant trap clean-out) 

5.3 1% 11% 2.1 1% 11% 

Channel Total coarse-grained YIELD 31.9 6-7% 67% 10.0 6% 53% 

Stormwater 

network and 

channel 

Total residual (STORAGE and 

additional EXTRACTION in 

stormwater network + 

STORAGE in channel + 

EXTRACTION from channel 

+ STORAGE on floodplain –

channel EROSION) 

10.3 2% 22% 6.9 4% 36% 
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Table 3 Components of the sediment budget residual for Scotchmans Creek. 

Element Likely 

contribution 

Comments 

STORAGE and additional 

EXTRACTION (clean-out) in 

stormwater network 

Substantial Observations suggest substantial deposition of sediments 

throughout the stormwater network, although sediment 

maintenance apart from the identified gross pollutant 

traps and ponds could not be quantified. 

Channel EROSION Minimal Only 370 m of natural stream length remains out of a 

likely pre-urbanization stream length of 3.7 km. The 

stream is highly stabilised with rock and there is no 

evidence of ongoing erosion.  

STORAGE in channel Minimal Ongoing sediment deposition was not observed in-

stream.  

EXTRACTION (clean-out) from 

channel 

Minimal Not observed during study period. 

STORAGE on floodplain Moderate Sand deposition was observed on the floodplain 

following overbank flows, however floodplains are 

narrow and overbank flows only occur a few times a 

year. 
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Table 4 Error components of the sediment budget. 

Element Likely error 

contribution 

Comments 

Error in total 

hillslope EROSION 

Substantial Hillslope erosion derived using the hillslope supply to stormwater network 

estimate, hillslope storage and street sweeping estimates, combined with a 

catchment disconnectivity estimate. Any error in those components carries 

through to the hillslope erosion estimate. 

Error in STORAGE 

on hillslopes  

Moderate Hillslope storage based on the area-weighted average disconnectivity observed 

in five suburban street-scale catchments (60% of pervious area). The 

disconnectivity proportion was highly variable between catchments, ranging 

from 0-78% (Russell et al., 2019).  

Error in 

EXTRACTION from 

hillslopes  

Minimal Extraction based on local government street sweeping data and sampled 

particle size distributions of street sweepings. May be an overestimate as City 

of Monash reports total mass of sweepings which may include some water. 

Additional extraction by excavation (or conversely, import by fill) is ignored.  

Error in hillslope 

SUPPLY to 

stormwater network 

Moderate 

 

95% prediction interval on modelled rate of sediment supply from impervious, 

grass/mulch and gravel surfaces is ± 40%. The uncertainty in construction area 

yield could not be estimated because it was based on just one catchment 

(Russell et al., 2019) but was likely higher than the variability from other 

surfaces. Therefore, the prediction interval of total hillslope supply is likely 

higher than ±40%. 

Error in 

EXTRACTION 

(gross pollutant trap 

clean-out) 

Minimal 

 

Error in gross pollutant trap (GPT) clean-out is directly dependent on error in 

supply as clean-out is calculated from supply for parts of the catchment 

impacted by sediment barriers. An additional error component arises from 

ignoring sediment bypass of GPTs. Therefore, the quantity calculated may be 

overestimated. GPT clean-out is likely to be slightly less than 11% of hillslope 

supply, whether actual hillslope supply is higher or lower than indicated. 

Error in bedload yield Moderate 

 

Bypass of bedload over and around trap was estimated by indirect methods and 

included in the bedload yield. The bedload yield has errors related to the 

measurement of bedload captured in the trap and the estimation of bypass.   
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Element Likely error 

contribution 

Comments 

Error in total coarse-

grained YIELD 

Substantial Errors derive from the error in bedload yield measurement (which these 

estimates are directly dependent on), and in the indirect method for estimating 

coarse-grained sediment transported in suspension. Uncertainties in the 

hydraulics (shear velocity, fall velocity) could contribute, but are not highly 

influential. The fall velocity threshold, and the assumptions around sediment 

supply PSD, are more uncertain and influential. The assumption that particle 

sizes are conserved through the network has not been tested. To account for 

attrition to smaller sizes by selective transport or abrasion would require a 

larger total yield estimate.  

Sediment attrition to 

smaller size fractions 

Minimal Unknown but probably minimal given small catchment size and high rate of 

transport from source to sink. 
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Table 5 Conceptual comparison of the urban sediment budget to natural catchment 

conditions. 

Element Likely 

change from 

natural 

conditions 

Comments 

Total hillslope 

EROSION 

Higher Erosional energy provided by rain and sheetwash on pervious surfaces is about 

the same, but in urban areas runoff from impervious onto pervious surfaces 

produces more concentrated flow paths. Urban pervious surfaces are potentially 

more erodible due to bare soil conditions (e.g. construction, landscaping) or 

unstable slope conditions (e.g. earthworks), particularly when compared to 

well-forested natural catchments with little mass wasting. 

STORAGE on 

hillslopes 

Lower  Suburban catchments have greater sediment connectivity than natural 

catchments, due to land modification (e.g. drain construction) and increased 

runoff. 

EXTRACTION 

(mechanical 

removal) from 

hillslopes 

Much higher Excavation/street sweeping and carting of sediment off-site are common in 

urban areas but sediment extraction from natural hillslopes to outside of 

catchment is virtually non-existent. 

Hillslope SUPPLY 

to channel 

Much higher The influence of higher erosion, lower storage on hillslopes and higher runoff 

combine to produce higher sediment delivery to channel, despite the addition of 

an extraction flux. 

Channel 

EROSION 

About the 

same 

Natural catchments have greater channel length and more erodible channel 

boundaries than urban catchments, but have lower flow energy acting on them. 

Therefore, we expect channel erosion to be about the same. 

STORAGE in 

channel 

Lower Higher channel complexity in natural catchments encourages storage of 

sediment in channels (e.g. due to influence of large woody debris) and urban 

channel transport is much higher. 

EXTRACTION 

(mechanical 

Much lower Extraction from natural channels is virtually non-existent. 



 

 

This article is protected by copyright. All rights reserved. 

 
 

Element Likely 

change from 

natural 

conditions 

Comments 

removal) from 

channel 

STORAGE on 

floodplain 

May be 

higher or 

lower 

Urban channels have constrained floodplains compared to natural channels, but 

also have higher sediment loads. Floodplain inundation may be of greater 

frequency due to increased flow, or lower frequency due to channel 

enlargement. Urban floodplains are likely to have higher hydraulic efficiency 

due to clearing, drainage and urban encroachment. Therefore, floodplain 

deposition may increase or decrease.  

Total coarse-

grained YIELD 

Much higher Urban catchments have higher hillslope erosion, less storage and higher 

transport capacity than natural sediment cascades, so are more efficient at 

delivering sediment to channels, despite the addition of extraction fluxes.   
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Figure 1 The urban coarse-grained sediment cascade, through hillslope, built 

stormwater network, and channel domains. Key inputs and outputs are 

shown in rounded boxes, storages in rectangular boxes, and processes on 

arrows. Adapted with permission from Russell et al. (2019). 
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Figure 2 Scotchmans Creek catchment study area, showing land cover 

arrangements, location of monitoring sites and sediment barriers (gross 

pollutant traps and ponds). The blue line is the remaining open stream 

channel, thicker black lines are trunk drainage pipes (likely buried 

streams) and thinner black lines are smaller stormwater pipes. Hillslope 

monitoring sites U1-U4 were highly urbanized (>95% total 

imperviousness (TI)), S1-S4 were suburban (24-73% TI), and C1 was 

suburban with construction (34% TI, 18% construction). The bedload 

trap at the catchment outlet was the downstream boundary of the 

sediment budget. 
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Figure 3 (A) Bedload sampling arrangement, and (B) channel cross-section, 

Scotchmans Creek catchment outlet. 
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Figure 4 Modelled hillslope coarse-grained (> 0.5 mm and > 2 mm) sediment yields 

for the mapped land cover distribution in the Scotchmans Creek 

catchment. ‘Scotchmans Ck sed barriers’ = catchment upstream of 

sediment barriers, ‘Scotchmans Ck ex sed barriers’ = catchment 

downstream of sediment barriers. 
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Figure 5 Particle size distributions (PSDs) for supply from suburban with 

construction (C1), suburban (S1-S4) and urban (U1-U4) hillslope 

catchments, and Scotchmans Creek (Sc) bedload yield. The total load PSD 

was based on the mean of suburban hillslope PSDs with maximum 

sediment diameter equal to the maximum sediment diameter in 

Scotchmans Creek bedload. The difference between the total load and 

bedload PSDs was used to estimate the proportion of sediment > 0.5 mm 

transported as bedload in Scotchmans Creek, and hence the total load (see 

Section 2.6 and 3.4). Adapted from Russell et al. (2019) and Russell et al. 

(2018a). 
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Figure 6 Sediment budget schematic for coarse-grained (> 0.5 mm and > 2 mm) 

sediment in Scotchmans Creek. Solid arrows indicate that magnitudes 

have been quantified for those components, while hashed arrows indicate 

that magnitudes are either unknown or estimated to order-of-magnitude 

level. 
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Figure 7 Channel change in Scotchmans Creek at catchment outlet, June 2015 

(left), and December 2017 (right). 
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Figure 8 Coarse-grained sediment deposited on floodplain by overbank event, 

March 2017 (note pen for scale). 
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Figure 9 Conceptual changes in the coarse-grained sediment budget from forest to 

suburban condition, based on the sediment budget for Scotchmans Creek. 

The forest sediment budget is not quantified but relative magnitudes of 

fluxes are inferred from a qualitative assessment of likely changes. 
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Graphical Abstract 

 

Summary:  

Erosion and sedimentation problems in urban stream systems indicate a highly altered sediment regime. 

A coarse-grained sediment budget for a suburban headwater catchment revealed higher sediment 

delivery efficiency driving higher bedload yield in streams. Sediment is readily mobilised from urban 

catchments through stormwater drainage systems to streams and is captured in localised structures such 

as stormwater assets and weirs.  
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