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Abstract 
If soil resources and the benefits derived from water quality are to be maintained, the on- and 
off-site effects of soil erosion must be adequately represented so that appropriate management 
responses can be identified and communicated to decision makers. The System of 
Environmental-Economic Accounting - Ecosystem Accounting (SEEA-EA), is one approach to 
quantify both the contributions that ecosystems make to the economy, and the impacts of 
economic activity on ecosystems. However, due to the difficulty of obtaining empirical data on 
ecosystem service flows, in many cases such quantification is informed by ecosystem service 
models. Previous research in the Mitchell catchment, Queensland Australia allowed us to explore 
the implications of using different modelling approaches to estimate the sediment retention 
ecosystem service. We compared predictions from a model of hillslope erosion and sediment 
delivery in isolation (as in the frequently used ecosystem service model - InVEST), to predictions 
produced by a more comprehensive representation of locally important erosion and deposition 
processes through a sediment budget calibrated against multiple lines of empirical data. 
Estimates of the magnitude of hillslope erosion modelled using an approach similar to that in 
InVEST differed by an order of magnitude from those derived from a calibrated sediment 
budget. If an uncalibrated InVEST model was used to inform the relative distribution of erosion 
magnitude and significance, results indicate the approach would not correctly identify the 
dominant erosion process contributing to suspended sediment loads in the catchment.  
However, the sediment budget model could only be calibrated using data on sediment sources 
and sinks that had been collected in the catchment through a sustained and concerted research 
effort. A comparable level of research investment may not be available to inform ecosystem 
service assessments in catchments elsewhere. The results summarised here for the Mitchell 
catchment are valuable for assessing the potential implications of using a simplified 
representation of this ecosystem service. 

Keywords: SEEA EA, hillslope erosion, InVEST, sediment budget, alluvial gully erosion, 
sediment retention, ecosystem services 
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Introduction 
Land use change can increase soil erosion rates, threatening agricultural sustainability and the 
benefits which society derives from water quality (Amundson et al., 2015; Keeler et al., 2012). If 
soil resources and the benefits derived from water quality are to be maintained, the on- and off-
site effects of soil erosion must be adequately represented so that appropriate management 
responses can be identified and communicated to decision makers (Keesstra et al., 2016). The 
United Nations, through the System of Environmental-Economic Accounting - Ecosystem 
Accounting (SEEA-EA), is increasing efforts to quantify (i) the contributions that ecosystems 
make to the economy and society, and (ii) the impacts of economic and human activity on 
ecosystems (UN, 2021b). The SEEA-EA approach requires assembling data that reflect the 
existing scientific consensus on the most important components of the management issue in 
question, are sensitive to human influence and reflect underlying trends, balance scientific 
reliability and cost-effectiveness, and are as simple as possible whilst still being comprehensive. 
Spatially based information on ecosystem assets and the flows of services they supply to the 
economy and society can support decision making. However, meeting the above data 
requirements, and quantifying the flow of ecosystem services, which vary spatially and 
temporally, to society can be challenging. Consequently, in many cases such quantification is 
informed by ecosystem service models (UN, 2021a).  

One of the most frequently used ecosystem service models is InVEST (Integrated Valuation of 
Ecosystem Services and Trade-offs) (Sharp et al., 2018; UN, 2021a). Within InVEST, soil 
erosion and the sediment retention ecosystem service that acts to prevent soil erosion are 
modelled using a combination of the Revised Universal Soil Loss Equation (RUSLE), and a 
sediment delivery ratio (SDR) to represent the proportion of eroded sediment reaching a 
waterway (Sharp et al., 2018). Subsequently, all sediment that is delivered to a waterway is 
assumed to be transported to the catchment outlet. The RUSLE was developed to represent 
hillslope erosion (Wishcheimer & Smith, 1978). While InVEST documents acknowledge the 
importance of representing other erosion processes if they are important locally, in many 
locations the data or knowledge to support inclusion of these other processes in ecosystem 
service assessments is not available (Sharp et al., 2018). 

Hillslope erosion is one of a range of different erosion processes whose magnitude can increase 
in response to land use change. While hillslope erosion is the dominant contributor to sediment 
loads in some locations (Walling & Collins, 2005), in other locations processes such as riverbank 
and gully erosion dominate (Olley et al., 2013)(see Figure 1 for some examples of these erosion 
processes). The physical configuration of a catchment influences the efficiency with which 
sediment contributed from various erosion processes is delivered to the catchment outlet (called 
sediment connectivity)(Fryirs, 2013). Consequently, areas in which sediment can be deposited as 
it travels between its source and the catchment outlet can be a key consideration in evaluating 
this efficiency of sediment transport.  
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Figure 1 Some examples of erosion processes. Note: images of gully, hillslope and 
riverbank erosion are taken from Qld Government (2020), and the image of alluvial gully 

erosion is taken from Brooks et al. (2009) 

Geomorphic systems dynamically respond to changes in erosion and deposition over time 
(Brierley & Fryirs, 2005; Schumm & Lichty, 1965). For example, while one erosion process may 
be the cause of increased sediment loads historically, if this sediment has been deposited and not 
transported through a channel network, a different erosion process may be responsible for 
contemporary remobilisation of such sediment (Brierley & Fryirs, 2005; Collins & Walling, 2004; 
Trimble, 1983). Accurately identifying the sources and mechanisms of contemporary sediment 
delivery is important for determining which sections of a landscape are providing the most 
sediment retention and thus should be the focus for management interventions to increase 
supply of this ecosystem service flow.    

The magnitude of different erosion processes occurring in a catchment, and the connectivity of 
eroded sediment to the catchment outlet, can be compiled and assessed using a sediment budget 
(Walling & Collins, 2008). The SedNET sediment budget model has been widely applied in 
Australia (Prosser et al., 2001a; Prosser et al., 2001b; Wilkinson et al., 2014; Wilkinson et al., 
2009). SedNET models hillslope erosion using the RUSLE and a SDR (similar to InVEST), but 
also includes representations of riverbank and gully erosion, and simulates depositional areas 
along the channel network (Wilkinson et al., 2008). However due to the difficulty of measuring 
and representing various erosion processes and the efficiency of sediment transport through a 
channel network, sediment budgets should be viewed only as an initial hypothesis which must 
subsequently be tested against multiple lines of evidence (Rustomji et al., 2008). 

The aim of this article was, within the context of SEEA-EA, to compare estimates of which 
sections of a landscape appear to be delivering the most sediment retention using the two 
approaches mentioned above: 1. The approach applied in InVEST which simulates hillslope 
erosion in isolation and assumes that all sediment entering a waterway is delivered to the 
catchment outlet; and 2. A comprehensive sediment budget that accounts for multiple erosion 
processes and depositional areas as informed by multiple lines of evidence. The case study area is 
the Mitchell catchment in northern Australia (~72, 000 km2; Figure 2).  
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Ecosystem services such as sediment retention are generated through the interaction of 
ecosystem assets at a landscape scale (UN, 2021b). Change in ecosystem service provision over 
time is often evaluated with respect to a baseline condition with less intensive human 
modification, and contemporary conditions (note that this definition differs from that used for 
monetary valuation of sediment retention, which often uses bare soil as a baseline). In Australia, 
a baseline condition of pre-European settlement is frequently used. The Mitchell catchment has 
experienced changes to grass cover, woody vegetation, exotic species and fire regimes since 
European settlement (Shellberg et al., 2016). These changes have been less extensive than those 
in catchments in southern and eastern Australia (Brooks et al., 2009). However there are 
increasing calls for further development in the catchment to address growing food insecurity in 
Asia (Petheram et al., 2018; PMC, 2012).  

 

Figure 2 Location of the Mitchell catchment in northern Queensland, Australia 

The Mitchell River has one of the highest annual discharges in Australia and joins the Gulf of 
Carpentaria after flowing through the largest fluvial megafan in Australia (Brooks et al., 2009; 
Petheram et al., 2018). This megafan contains a diverse range of freshwater habitats that support 
the second highest fish species diversity in Australia; consequently, the catchment has a high 
ecological value (Petheram et al., 2018). Substantial prior research on erosion processes and 
sediment delivery has been undertaken in the catchment. This research has indicated:  

 A particular type of gully erosion, called alluvial gully erosion (where gullies erode into 
alluvium adjacent to waterways as opposed to colluvial gully erosion occurring on 
hillsides, see Figure 1), is an important local erosion process and contributes a substantial 
volume of sediment to waterways (Brooks et al., 2009; Brooks et al., 2008; Shellberg et 
al., 2010b).  

 The increase in alluvial gully erosion since European settlement, and its spatial 
distribution, is influenced by both physical drivers and human-related land use change 
(Brooks et al., 2009; Shellberg et al., 2010a; Shellberg et al., 2016). Despite the historical 
human impact being relatively modest in this catchment when compared to catchments 
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in southern Australia, land use changes have nevertheless increased the magnitude and 
distribution of this erosion process substantially (Shellberg et al., 2016). 

Prior research created a sediment budget for the catchment using the SedNET framework 
(Rustomji et al., 2010). The Rustomji et al. (2010) report describing the creation of the sediment 
budget details the erosion estimates from an initial model and subsequent iterations in which the 
model was progressively calibrated against multiple lines of evidence and incorporated important 
local erosion processes such as alluvial gully erosion. The sediment budget calibrated against 
contemporary data was subsequently used to estimate sediment loads prior to European 
settlement. The detail provided in Rustomji et al.’s report allows a comparison to be made 
between the InVEST modelling approach, which estimates sediment contributed from hillslope 
erosion in isolation and assumes all of that sediment is transported to the catchment outlet, and a 
sediment budget modelling approach whose predictions have been validated against multiple 
lines of evidence. 

Method 

Sediment budget modelling approach 
The sediment budget methodology employed by Rustomji et al. (2010) used the SedNET 
algorithms as a starting point and incorporated locally specific data and parameters where 
appropriate and/or available. The influence of hillslope erosion, both colluvial and alluvial gully 
erosion, riverbank erosion, and floodplain deposition on suspended sediment (sediment <63 
µm) load was modelled at a sub-catchment resolution (Figure 3). Bed material (sediment >63 
µm) transport was also modelled in Rustomji et al. (2010); however, as bed material transport did 
not link explicitly to suspended sediment aspects of the model and bed material transport is not 
simulated in InVEST, it is not discussed further here. The data and approach applied by 
Rustomji et al. (2010) for modelling erosion and deposition are summarised in the following 
section.  

 

Figure 3 Components of the sediment budget modelled in each sub-catchment by 
Rustomji et al. (2010) using a modified SedNET approach, and InVEST (Sharp et al., 

2018) 

.CC-BY-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted August 10, 2021. ; https://doi.org/10.1101/2021.08.06.455476doi: bioRxiv preprint 

https://doi.org/10.1101/2021.08.06.455476
http://creativecommons.org/licenses/by-nd/4.0/


Hillslope erosion 
Hillslope erosion was modelled using a national grid of mean hillslope erosion rate (Lu et al., 
2003), calculated using the RUSLE (Renard et al., 1997). The sediment delivery ratio (SDR) was 
calculated using mean sub-catchment slope and mean sub-catchment foliage projective cover 
(Armston et al., 2004) as a measure of vegetation-related hydraulic roughness (Rustomji et al., 
2010).   

Colluvial gully erosion 
Colluvial gully erosion was modelled using national data on colluvial gully density (Hughes et al., 
2001) and the standard approach to modelling gully erosion within SedNET (Prosser et al., 
2001a). Gullies were assumed to have initiated 100 years ago in response to land use change 
associated with European settlement, and were currently eroding at a lower rate (Rustomji et al., 
2010).  

Alluvial gully erosion 
The extent of alluvial gully erosion was mapped using remotely sensed data by Brooks et al. 
(2008) and Brooks et al. (2009). Alluvial gullying extent was then combined with estimates of  
median gully retreat rates calculated from aerial photos and field data by Shellberg et al. (2010b), 
to derive an estimate of alluvial gully erosion in tonnes year-1. These estimates were then 
expressed in kilometres of gully per kilometre squared of land area to be consistent with other 
SedNET equations (Rustomji et al., 2010). Based on data presented in Shellberg et al. (2010b), 
and in contrast to colluvial gullies, alluvial gullies appeared to be actively eroding and were 
represented as such in the model (Rustomji et al., 2010). 

Riverbank erosion 
Riverbank erosion within the stream network in each sub-catchment was modelled using the 
methodology presented in Wilkinson et al. (2006) (Rustomji et al., 2010). This methodology 
required streampower (the product of bankfull discharge and slope), the proportion of woody 
riparian vegetation cover estimated using foliage projective cover, the proportion of flat alluvium 
derived using the methods of Gallant and Dowling (2003), sub-catchment waterway length, and 
riverbank height derived from field surveyed cross sections as well as cross sections extracted 
from a 30m Digital Elevation Model (DEM). Bankfull discharge was estimated at several 
locations throughout the catchment, and a predictive model was created to estimate it at all 
required sub-catchments.  

Floodplain deposition 
Data on floodplain inundation area were derived from an approximate 278m DEM (Pickup & 
Marks, 2001). For a series of cross sections, peak flood discharge (m3 s-1) was modelled using 
upstream contributing area and mean upstream catchment rainfall (Rustomji, 2010). Peak flood 
discharge was compared to bankfull discharge for each sub-catchment to estimate the median 
overbank flow. Floodplain deposition was calculated using median overbank flow, predicted 
sediment load, and an estimate of how long sediment-laden water remains on the floodplain 
(Rustomji et al., 2010). 
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Data used to calibrate the initial sediment budget 
Initial sediment budget results were compared against several lines of empirical data to evaluate 
whether model outputs accurately represented: (i) the relative distribution of erosion processes, 
(ii) the magnitudes of erosion processes in sub-catchments, and (iii) suspended sediment load in 
absolute terms (i.e. tonnes year-1). These data have proven valuable for calibration of sediment 
budgets elsewhere (Rustomji et al., 2008; Walling & Collins, 2008). 

Evaluation of the relative distribution of erosion processes was informed by radionuclide 
analyses (Caitcheon et al., 2011; Caitcheon et al., 2012). By comparing naturally occurring and 
anthropogenic fallout radionuclides in sediment samples collected in the catchment, it is possible 
to determine whether the sample sediment came from surface or subsurface erosion (Olley et al., 
1993; Wallbrink & Murray, 1993). In relation to the erosion processes modelled within SedNET, 
only hillslope erosion would have a surface erosion fallout radionuclide signature.  

Evaluation of the magnitude of sub-catchment erosion was informed by geochemical 
fingerprinting analyses (Caitcheon et al., 2011). Such analyses can link sampled sediment to 
parent geologies and therefore provide an independent check on predicted erosion rates in sub-
catchments with unique geochemical signatures.  

Finally, suspended sediment samples were collected by the Queensland Government at several 
gauge locations throughout the catchment and were used together with measured discharge data 
to estimate suspended sediment load (Rustomji et al., 2010). Despite some limitations in terms of 
data collection (e.g. width and depth integrated samples were not available), suspended sediment 
load data were compared to other estimates from Australia (Wasson, 1994) and found to be 
sufficiently robust to compare against model outputs (Rustomji et al., 2010).  

Pre-European settlement erosion rates 
The erosion process models (e.g. hillslope, riverbank, gully etc) of the final calibrated sediment 
budget model were adjusted, where appropriate, to represent pre-European settlement 
conditions, erosion rates and suspended sediment yield. As minimal woody riparian vegetation 
clearing was assumed to have occurred in the catchment after European settlement, the 
riverbank erosion model was not modified for pre-European settlement conditions (Rustomji et 
al., 2010). However, hillslope erosion estimates were adjusted to account for the introduction of 
grazing, agriculture and vegetation clearing. For colluvial gully erosion, the assumption on 
change in erosion rate over time in response to European settlement land use change had not 
been verified and therefore it was modelled as for current conditions and assumed to be broadly 
representative of pre-European conditions. Based on research linking alluvial gully erosion to 
land use changes associated with European settlement (Shellberg et al., 2010a; Shellberg et al., 
2010b), alluvial gully erosion for the pre-European sediment budget was set to 5% of current 
rates (Rustomji et al., 2010). Two separate pre-European condition sediment budgets were 
created, the first iteration only included changes related to hillslope erosion and the second 
iteration included changes to both hillslope and gully erosion. 
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Results 

Sediment budget results and iterative calibration 
The sediment budget model created by Rustomji et al. (2010) progressed through five iterations 
(Table 1) as follows:  

 First iteration: initial model results indicated hillslope erosion contributed around 60% of 
the predicted suspended sediment yield. Hillslope erosion hotspots occurred in the upper 
sections of the catchment where slopes were relatively high, and foliage projective cover 
was relatively low. 

 Second iteration: hillslope erosion in iteration one was considered to be unrealistically 
high, particularly in steep sections of the landscape with minimal vegetation cover. The 
RUSLE implicitly assumes that hillslope erosion rate increases with slope. However in 
many steep locations there may not be a large volume of soil available for erosion (Lu et 
al., 2003). If these steep areas also have minimal vegetation cover, this can result in 
unrealistically high predicted hillslope erosion rates from the RUSLE. Consequently, the 
RUSLE model was predicting high hillslope erosion rates due to relatively high slope and 
relatively low vegetation cover. Therefore, in the second model iteration hillslope erosion 
rate was capped at 50 tonnes hectare-1 year-1. 

 Third iteration: predicted suspended sediment load from the second model iteration was 
still considerably higher than the measured suspended sediment load in the catchment. 
As radionuclide data suggested that hillslope erosion was a minor sediment source in the 
catchment, the hillslope SDR was reduced from a mean value of 5% to a mean value of 
1%. Subsequently, hillslope erosion became a minor sediment source in the catchment. 

 Fourth iteration: the predicted suspended sediment load from the third model iteration 
was still toward the maximum observed suspended sediment load in the catchment (see 
Table 1 and Table 2). Out of the remaining erosion processes, the authors had greater 
confidence in the estimates for alluvial gully erosion as this process was characterised by 
local empirical data. Therefore, a calibration parameter in the riverbank erosion model 
was adjusted to reduce the contribution from riverbank erosion. 

 Fifth iteration: reducing the contribution from riverbank erosion changed the modelled 
relative proportions of surface and subsurface sediment to a degree which was not 
supported by the radionuclide data. Additionally, the predicted suspended sediment load 
was still too high when compared to the observed suspended sediment load (see Table 1 
and Table 2), particularly in the lower catchment (note sub-catchment loads informed by 
geochemical analyses are not presented here). Consequently, in the final model iteration 
hillslope erosion was capped at 35 tonnes hectare-1 year-1, the riverbank erosion 
coefficient was reduced further, and floodplain deposition was increased.     

The final model predicted a total suspended sediment yield of 2919 kt year-1 at the catchment 
outlet (Table 1). At the 919001A gauge, model predictions (2814 kt year-1) agreed reasonably well 
with observed suspended loads (Table 2). The majority of the suspended sediment load 
predicted by the sediment budget model was contributed by alluvial gully erosion (Table 1)(the 
breakdown of contributions from colluvial and alluvial gully erosion is not presented here). 
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Hillslope erosion was a minor contributor, and 3364 kt yr-1 of sediment was deposited on 
floodplains. 

Table 1 Erosion and deposition process contributions to suspended sediment load at the 
Mitchell catchment outlet for different calibration iterations from Rustomji et al. (2010). 
All values are mean annual rates (i.e. rates per year). Note that gully input includes both 

colluvial and alluvial gully sources and that data for the second iteration was not 
presented in the report. 

Model 
iteration 

Hillslope input 
(kt yr-1) 

Gully input 
(kt yr-1) 

Riverbank input 
(kt yr-1) 

Floodplain deposition 
(kt yr-1) 

Suspended 
sediment load (kt 

yr-1) 
First 8138 4144 4987 3542 13726 

Second - - - - - 
Third 1067 4144 4987 1476 8722 
Fourth 1067 4144 2493 1247 6458 
Fifth 892 4144 1247 3364 2919 

 

Table 2 Summary statistics for annual (based on water year) suspended sediment load 
(kt year-1) estimates derived from observed data as presented in Rustomji et al. (2010) 

Gauge Minimum 1st quartile Median Mean 3rd quartile Maximum 
919009A 228 766 1455 2079 2603 8986 

 

Comparing the results to the InVEST modelling approach  
As a reminder, the InVEST modelling approach estimates sediment contributed from hillslope 
erosion in isolation and assumes all of that sediment is transported to the catchment outlet, while 
the sediment budget modelling approach simulated multiple erosion processes and deposition 
(see Figure 3). The approach to modelling hillslope erosion used by Rustomji et al. (2010) differs 
from that suggested in InVEST only in its calculation of the SDR. While different methods are 
used for this calculation (for example the InVEST SDR approach is calculated using the formula 
suggested in Borselli et al. (2008)), differences in the SDR methodology are unlikely to explain 
the need for the model iterations to align with multiple lines of locally collected empirical 
evidence. Acknowledging these methodological differences, the model results presented above 
can be used to compare the implications of using a hillslope erosion and SDR estimate in 
isolation rather than a more comprehensive sediment budget.  

The first iteration of the Rustomji et al. (2010) model would have mistakenly identified that 
hillslope erosion was the main erosion process in the catchment and that the upper catchment 
was the highest eroding location in the catchment. As floodplain width, and consequently 
floodplain deposition, generally increased in a downstream direction a proportion of sediment 
contributed from hillslope erosion is deposited on floodplains downstream. If floodplain 
deposition was not represented, as is the case in InVEST, the contribution from hillslope erosion 
to suspended sediment yield at the catchment outlet would be even higher. The data on alluvial 
gully erosion collected in previous studies was crucial for characterising and representing this 
process in the sediment budget model. These alluvial gullies were actively eroding and delivered 
the bulk of eroded sediment directly to waterways due to their location directly adjacent to 
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waterways. Similarly, the radionuclide and geochemical data were crucial for confirming that sub-
surface sources were the dominant contributor to suspended sediment loads, and that sub-
catchment loads predicted by the model were supported by observations respectively.  

Impact of modelling approaches on estimated erosion rate before 
European settlement 
The initial pre-European settlement sediment budget which evaluated changes in hillslope 
erosion only, estimated that hillslope erosion contributed approximately 50% less sediment 
before European settlement (Table 3). However, floodplain deposition would still have been 
occurring so the pre-European suspended sediment yield at the catchment outlet was only 
predicted to be 3% lower than current loads. Conversely when changes to gully erosion rate were 
included in the second iteration of the pre-European settlement sediment budget, Rustomji et al. 
(2010) indicate that suspended sediment load at the catchment outlet had approximately doubled 
since European settlement. 

Table 3 Comparison of the final calibrated model against simulated pre-European 
settlement conditions model presented in Rustomji et al. (2010).  

Model 
iteration 

Hillslope input 
(kt yr-1) 

Gully input  
(kt yr-1) 

Riverbank input 
(kt yr-1) 

Floodplain 
deposition  
(kt yr-1) 

Suspended 
sediment load 

(kt yr-1) 
First 

iteration 406   2956 2840 

Second 
iteration 406 647  1248 1052 

Discussion 

Implications for sediment retention modelling in the Mitchell catchment 
Estimates of the magnitude of hillslope erosion modelled using an approach similar to that in 
InVEST (which simulates hillslope erosion in isolation and does not account for depositional 
areas downstream) and a more detailed sediment budget informed and calibrated by local 
empirical data, differed by an order of magnitude in the Mitchell catchment (for example 8138 kt 
year-1 for the first iteration and 892 kt year-1 in the final iteration, Table 1). Studies comparing 
modelled and empirical hillslope erosion rates in a catchment adjacent to the Mitchell, suggest 
that the modelled hillslope erosion rates in the calibrated sediment budget model may still be 
overestimated (Brooks et al., 2014). If an uncalibrated InVEST model was used to inform the 
relative distribution of erosion magnitude and significance, as suggested by Sharp et al. (2018), the 
results presented indicate the approach would not correctly identify the dominant erosion 
process contributing to suspended sediment loads. However, the sediment budget model could 
only be calibrated using the considerable quantity of data on sediment sources and sinks that had 
been collected in the catchment through a sustained and concerted effort from multiple 
researchers over many years (Brooks et al., 2009; Brooks et al., 2008; Caitcheon et al., 2011; 
Caitcheon et al., 2012; Shellberg et al., 2010a; Shellberg et al., 2013; Shellberg et al., 2010b; 
Shellberg et al., 2016). A comparable level of research investment may not be available to inform 
ecosystem service assessments in catchments elsewhere.  
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A major finding of the iterative sediment budget approach was that alluvial gully erosion was the 
dominant contributor to end of catchment suspended sediment load in the catchment. The 
majority of the data which informed this estimate were obtained from the mid to lower sections 
of the catchment adjacent to waterways. Alluvial gully erosion is also known to occur in 
agricultural areas in the upper catchment, however no data were available to assist quantification 
of alluvial gully sources from these locations in the sediment budget (Rustomji et al., 2010). It 
appears as though soil characteristics and climatic conditions predispose the catchment to alluvial 
gully erosion (Brooks et al., 2009; Shellberg et al., 2016). While all sections of the catchment 
appear prone to this type of erosion, erosion appears more severe in the deeper alluvial soils in 
the mid to lower catchment. Once this erosion process has been initiated in these locations, a 
greater volume of sediment is available for erosion and, due to the close spatial proximity of 
erosion sites to waterways, that eroded sediment is likely to be transported efficiently to 
waterways. Alluvial gully erosion has been reported in other catchments in northern Australia 
(Shellberg et al., 2016) and the results presented here are likely to be relevant to sediment 
budgets created for those catchments, and any extensions of such sediment budgets which 
estimate the sediment retention ecosystem service for inclusion in SEEA EA. 

While the above are important considerations for how the sediment retention ecosystem service 
is represented, this ecosystem service may not have a high monetary value in the Mitchell 
catchment. The loss of productive agricultural and grazing land due to erosion will impose a cost 
on local landowners; however, although gullying is quite extensive in some locations it still 
affects only a minor fraction of the land area of the large grazing properties in the catchments. 
Furthermore, due to the small population affected by reduced water quality downstream 
sediment erosion will not have major direct adverse implications, for example on drinking water 
supply (UN, 2021b). Nevertheless, despite the small population in the catchment, there are 
several significant human uses that may be affected by loss of the sediment retention ecosystem 
service. For example, the catchment supports a valuable commercial barramundi fishery and 
increases in sediment load may affect important habitats and recruitment into the fishery (Bayliss 
et al., 2014; Pollino et al., 2018). In addition, the local Indigenous population gains significant 
benefits from being able to source food using traditional methods in the catchment, and any 
changes to water quality which affect the viability of Indigenous food sources would have major 
implications to their wellbeing (Jackson et al., 2011). 

The results presented here have allowed an exploration of the implications of using a simple 
approach to model the sediment retention ecosystem service, and to identify locations within the 
Mitchell catchment that supply this ecosystem service. This catchment has high ecological value 
(Pollino et al., 2018), and has experienced a relatively high level of erosion in response to a 
relatively modest historical human impact when compared to catchments in southern Australia. 
In this sense it provides an ideal case study to examine the ability of SEEA EA ecosystem service 
modelling tools to estimate the soil retention service, and guide investment in ecosystem 
restoration. The results indicate that a simplified representation of erosion processes would lead 
to misinformed management responses (e.g. interventions to reduce hillslope erosion) in 
inappropriate locations (e.g. the upper catchment). These limitations are highly relevant if 
InVEST is to be used to inform SEEA EA applications to manage both ends of the spectrum of 
human modifications of ecosystems - the few remaining areas with minimal human influence and 
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high ecological value and/or areas of high human modification which are supplying substantial 
ecosystem service flows to large population centres downstream. 

Wider implications of sediment retention modelling  
The large spatial areas and long temporal scales relevant to the transport of sediment from 
erosion sources to a catchment outlet, and the substantial variability through which these 
processes occur, presents major challenges to both measurement and modelling (Walling & 
Collins, 2008). The sediment budget is a means to assemble process understanding and explore 
geomorphic system behaviour, explore scenarios, generate hypotheses, and check for 
inconsistencies against multiple lines of evidence in order to target further research and data 
collection (Rustomji et al., 2008; Rustomji et al., 2010; Silberstein, 2006; Walling & Collins, 
2008). While the sediment budget approach holds promise for improving our understanding of 
both on- and off-site implications of soil erosion, substantial challenges remain when assembling 
the data and information required for creating reliable sediment budgets (Walling & Collins, 
2008). 

The sediment budget methodology and the importance of using a calibrated and validated model 
for ecosystem service valuation is acknowledged in the InVEST documentation (Sharp et al., 
2018), and research is progressing on refining the hillslope erosion and sediment delivery 
approach currently in the model (Hamel et al., 2015; Hamel et al., 2017). The results presented 
here allowed the difference in ecosystem service flow (in physical terms) and service providing 
areas to be compared between model versions which represented hillslope erosion and sediment 
delivery in isolation, the inclusion of other erosion and deposition processes, and between an 
initial and final calibrated model. These results demonstrated that if hillslope erosion was indeed 
the dominant erosion process in a location, and if the relative magnitude, rather than the 
absolute magnitude, of erosion was used, then RUSLE may not lead to excessive errors. 
However, if hillslope erosion is not the dominant process, as was the case in the Mitchell, using 
solely a RUSLE-based approach may identify incorrect locations as supplying the majority of the 
sediment retention ecosystem service, and therefore lead to the incorrect interventions being 
suggested to increase the flow of this service. For example, a RUSLE-only approach would 
identify hillslopes in the upper Mitchell catchment as being the main focus for management 
intervention to increase supply of the sediment retention service. However, when using the 
calibrated sediment budget model, alluvial sections of the mid to lower catchment were identified 
as the main focus for intervention to increase sediment retention (see the results from the pre-
European condition sediment budget). 

One of the goals of SEEA EA is to compile information on ecosystem’s contribution to the 
economy and society to guide decisions about investment in ecosystem protection and 
rehabilitation (UN, 2021b). If estimates of the value of the sediment retention ecosystem service 
across a catchment were informed by InVEST and hillslope erosion was not the dominant 
erosion process contributing to suspended sediment load in a region, it is possible that the 
limited funds available may be misallocated, both from a management response perspective and 
from a spatial prioritisation perspective. This has the potential to reduce key stakeholders’ and 
decision makers’ willingness to apply findings from SEEA EA (Guerry et al., 2015; Naeem et al., 
2015). This is an ongoing challenge; it is clear that sediment retention is an important ecosystem 
service which provides value to society. However, the research and data required to robustly 
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identify the most important erosion processes and their links to suspended sediment yield at the 
catchment outlet are unlikely to be present in many locations. The results summarised here for 
the Mitchell catchment are valuable for assessing the potential implications of using a simplified 
representation of this ecosystem service.  

Conclusion 
Management of soil erosion and water quality is highly relevant to land and water sustainability 
and many of the United Nations’ Sustainable Development Goals. However, challenges remain 
for measuring and modelling these processes which occur over large areas and long-time scales, 
and experience substantial variability in rates. It is clear that these management challenges need 
to be addressed, however the results presented for the Mitchell catchment demonstrate that 
practitioners must exercise caution when using estimates of the supply of the sediment retention 
ecosystem service that have not been calibrated and validated. Further research is needed on 
approaches for improving estimates of this important ecosystem service in data poor regions. 
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