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ABSTRACT

The use of appropriate models for environmental decision-making is crucial for supporting soil conservation strategies, particu-
larly in erosion-prone systems such as Mediterranean basins. In this study, the suitability of the Sediment Delivery Distributed
(SEDD) model at the event scale was evaluated in a 231 ha basin in Central Italy, where rainfall-runoff-sediment yield data from
four erosive events were available. The model was applied by subdividing the basin into morphological units, defined as areas
with uniform aspect, length, and slope steepness. Model parameterization involved the estimation of a single coefficient, 3,, em-
bedded in the sediment delivery ratio of each morphological unit. The variability of 8, with rainfall-runoff event intensity was
analysed. The resulting relationship reflects the physical mechanism whereby sediment transport along hillslopes becomes more
efficient as event intensity increases, as represented by the runoff coefficient Q.. Analysis of the empirical cumulative frequency
distribution of the sediment delivery ratio for each morphological unit suggests that the influence of the runoff coefficient on 3,
may vanish during the most erosive events. Under this hypothesis, for Q. > 0.15, the variability of sediment delivery processes is
governed solely by the structural component of sediment connectivity, while the functional component becomes invariant and
characteristic of the investigated basin.

1 | Introduction to erosion processes is rapid and often accelerated by anthropo-
genic activities (Lal 2014; Raclot et al. 2018).

The European Union (EU) Thematic Strategy for Soil Protection

(2006) defines soil as essentially a non-renewable resource and
a very dynamic system, which performs many functions and
delivers services vital to human activities and ecosystem sur-
vival. This definition highlights the slow nature of soil forma-
tion, which requires hundreds to thousands of years to produce
only a few centimetres of topsoil under normal agricultural con-
ditions (Bazzoffi 2009; Di Stefano and Ferro 2016; Di Stefano
et al. 2023; Carollo et al. 2023). In contrast, soil degradation due

The implementation of soil erosion control and management
strategies (Cerda et al. 2015; Mekonnen et al. 2015; Sadeghi
et al. 2015) requires the optimal allocation of conservation mea-
sures within a basin and the use of models capable of estimating
soil loss and sediment yield in a spatially distributed manner
(Renard et al. 1994; Boardman 2006). Basin sediment yield can
be estimated by coupling a gross erosion model with a mathe-
matical operator that accounts for sediment transport efficiency
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along both hillslopes and the channel network (Walling 1983,
1988; Richards 1993; Atkinson 1995; Lane et al. 2000;
Kothyari 2008).

The sediment delivery ratio (SDR), defined as the ratio between
basin sediment yield and gross erosion, is widely used as an
index of sediment transport efficiency (Walling 1983; Dickinson
and Collins 1998). However, it represents a black-box concept
and does not explicitly consider the spatial and temporal pat-
terns of sediment transfer from source areas to the channel net-
work (de Vente et al. 2007).

Investigating within-basin variability in sediment delivery
processes requires both the subdivision of the basin into el-
ementary spatial units (e.g., grid cells, triangular elements,
or morphological units) (Di Stefano et al. 1999a, 1999b; Di
Stefano, Ferro, and Porto 2000a; Di Stefano, Ferro, Porto, and
Tusa 2000b; Aksoy and Kavvas 2005) and the application of a
model to estimate gross erosion from each unit (Wischmeier
and Smith 1978; Nearing et al. 1989; Renard et al. 1997;
Morgan and Nearing 2000). Accounting for spatial variability
in sediment delivery allows identification of the areas contrib-
uting most to sediment yield at the basin outlet, where conser-
vation strategies and management interventions can be most
effective.

Numerous empirical, conceptual, and physically based mod-
els are currently available for estimating soil erosion at dif-
ferent spatial and temporal scales (Bagarello, Ferro, and
Flanagan 2018b). While process-oriented models continue to
be developed (Boardman 2006; Morgan and Nearing 2000),
empirical approaches such as the Universal Soil Loss
Equation (USLE) and its revised version (RUSLE) remain
widely used and continuously updated (Wischmeier and
Smith 1978; Renard et al. 1997; Bagarello and Ferro 2004;
Bagarello et al. 2011; Bagarello, Di Stefano, Ferro, and
Pampalone 2018a; Bagarello, Ferro, and Flanagan 2018b;
Bagarello, Ferro, Giordano, et al. 2018c; Bagarello et al. 2020;
Di Stefano et al. 2017; Pampalone et al. 2023). Nearing (2013)
emphasized that, for many practical applications, USLE has
proven—and continues to be—a successful tool (Bagarello,
Ferro, and Flanagan 2018b).

Originally designed to estimate long-term average annual
soil loss due to interrill and rill erosion, USLE/RUSLE has re-
mained popular because it combines acceptable accuracy with
relative simplicity (Risse et al. 1993; Tiwari et al. 2000), re-
quires the use of quite basic information, thus resulting attrac-
tive from a practical point of view (Morgan 2005; Bagarello
et al. 2008; Gessesse et al. 2015), relies on widely available
input data, and has become a standard tool in soil conserva-
tion practice (Morgan 2005).

Ferro and Minacapilli (1995) proposed coupling USLE with
a spatially distributed sediment delivery ratio to estimate
within-basin sediment yield (Ferro 1997; Ferro, Porto, and
Tusa 1998b; Ferro and Porto 2000; Di Stefano and Ferro 2007,
2018). The resulting SEdiment Delivery Distributed (SEDD)
model simulates hillslope sediment transfer from source areas
to the nearest stream reach. The model's internal functioning,
which accounts for its internal consistency, has been validated

using independent techniques such as Cs!37 (Ferro, Di Stefano,
et al. 1998a; Ferro, Porto, and Tusa 1998b; Ferro et al. 2001; Di
Stefano, Ferro, and Porto 2000a; Porto and Walling 2015), Be”
tracers (Porto and Callegari 2021), and clay enrichment analysis
(Di Stefano and Ferro 2002).

The SEDD model, often integrated with GIS tools (Jain and
Kothyari 2000; Bhattarai and Dutta 2008), has been applied in
various environmental contexts (Ali and De Boer 2010; Lopez-
Vicente et al. 2011; Taguas et al. 2011; Lee and Kang 2014; Di
Stefano et al. 2016; Di Stefano and Ferro 2017a; Netti et al. 2024;
Alam and Maiti 2025), both for scenario analysis (Fu et al. 2006;
Batista et al. 2021) and for evaluating the effectiveness of soil
conservation strategies (Fernandez et al. 2003).

In this paper, the SEDD model is first briefly presented.
Subsequently, the experimental monitoring station located at
the outlet of the Masse SERLAB basin near Perugia (Central
Italy) is described. The station allows runoff and sediment
yield to be monitored at the event scale. Finally, measure-
ments from erosive events recorded between February 2024
and April 2025 are used to calibrate the model and anal-
yse the dependence of the sediment delivery ratio on runoff
characteristics.

In Italy, previous applicability tests of SEDD model, at event
scale, were performed at Sicilian and Calabrian experimental
basins (e.g., Di Stefano and Ferro 2007; Porto and Walling 2015;
Porto and Callegari 2021) with a Mediterranean climate (rain-
fall occurring in autumn and winter). This paper focuses on
SEDD applicability in Central Italy, which is characterized by
a different sub-continental rainfall regime (rainfalls primarily
occurring in autumn and spring).

2 | Materials and Methods
2.1 | Masse Experimental Basin

The Masse basin is located in a hilly area of the municipality
of Marsciano (Perugia, Central Italy) and covers an area of
231 ha (Figure 1). The Digital Elevation Model (DEM) used in
this study has a spatial resolution of 10m, providing a suitable
balance between accuracy and computational efficiency. The
DEM was derived from the national raster dataset Tinitaly 1.1
(Tarquini et al. 2023).

The basin elevation ranges from 290.9 to 212.7ma.s.l. at the
outlet section, where a small reservoir is located. The aver-
age hillslope gradient is 9.5%, and the total length of the main
stream is approximately 2.3km (Figure 1).

Land use information was obtained through an integrated
analysis of satellite imagery, surveys, and field investigations,
supported by direct knowledge of the Masse watershed. Three
main land use categories were identified: agricultural land,
water bodies, and urbanised areas. Agricultural land domi-
nates the basin and is mainly characterised by herbaceous
crops following an autumn-winter cycle, such as cereals and
leguminous crops, particularly fava beans. Permanent crops,
including vineyards and olive groves, are also present. The
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FIGURE1 | Map of the Masse basin (PG, Italy), showing the basin boundaries, stream network, contour lines, outlet, and reservoir position. The

sub-panel shows the Wischmeier-type plots of the Masse_SERLAB.

predominance of seasonal crops results in extended periods
during which the soil remains bare, thereby increasing its sus-
ceptibility to erosion. Tillage operations are generally carried
out along the direction of maximum slope, and no soil con-
servation practices are implemented. Urbanised areas occupy
only a small fraction of the basin.

At the basin outlet, a diversion channel branches from the main
stream and conveys a portion of the runoff towards a sedimenta-
tion basin located upstream of a small reservoir. The sedimenta-
tion basin functions as a physical filter by promoting the settling
of suspended sediments, thereby reducing the sedimentation
rate within the reservoir. Despite this mitigation effect, the res-
ervoir has progressively experienced siltation, resulting in a sig-
nificant reduction of its effective storage capacity. A bathymetric
survey conducted in May 2024 indicated that the maximum
depth near the dam, which has a height of 5m, has decreased
to approximately 1.3m. The reservoir depth decreases almost
linearly upstream, reaching about 0.8 m in the uppermost area,
where riparian wood vegetation is present.

To model the spatial variability of sediment delivery processes,
the basin was subdivided into morphological units (Ferro and
Minacapilli 1995). These units are defined as areas with uni-
form slope and aspect, known hillslope length, land use, and soil
type, and are bound downslope either by a change in slope or by
an element intercepting surface runoff (Figure 2).

A systematic soil sampling campaign was conducted within
each morphological unit (Figure 2) to determine particle size
distribution and total organic carbon content. For units larger
than 5ha, two samples were collected to capture internal vari-
ability, whereas one sample per unit was collected for smaller
units to ensure adequate spatial representation.

2.2 | Sediment Yield Monitoring at the Masse
Station

The Masse basin hosts the Masse SERLAB monitoring station
(Figure 1), dedicated to the study of soil erosion processes in
hilly environments. The station has been operational since 2008
(Todisco et al. 2012) and includes Wischmeier-type erosion plots
and a fully equipped weather station. Recorded meteorological
variables include precipitation, air temperature, global solar
radiation, wind speed, and relative humidity. Rainfall data are
available at a 5-min temporal resolution.

Since September 2023, flow discharge and sediment concentra-
tion have been monitored at the basin outlet (Figure 3), located
immediately upstream of the diversion channel leading to the sed-
imentation basin. The monitoring cross-section has a trapezoidal
shape, with a bottom width of 0.85m and a depth of 1.05m. The
side banks form angles of 39° and 41° with the vertical, resulting
in a top width of 2.60 m. Routine maintenance is performed every
2-3years to reshape the cross-section, control morphological evo-
lution, and ensure stable hydraulic conditions. The channel bed
consists mainly of silty and clayey materials. During autumn and
winter, when vegetation is absent, the hydraulic behavior of the
banks resembles that of bare or sparsely vegetated soils.

Mean flow velocity and water depth are measured using a
SonTek FlowTracker2 Handheld ADV, allowing the develop-
ment of the stage-discharge relationship. Under uniform flow
conditions, application of Chezy's equation yielded a Manning
roughness coefficient of 0.107.

Flow depth is also continuously monitored using a relative pres-
sure probe (DS(T) 22, SEBA Hydrometrie GmbH & Co. KG) in-
stalled in the measurement channel. To optimise data acquisition,
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the sensor operates with an event-based sampling frequency: one
measurement per hour for water levels below 0.15m and one mea-
surement every 10 min for levels exceeding this threshold. During
the recession limb of a flood event, a hysteresis value of 0.05m
is applied, maintaining the 10-min sampling interval until the
water level drops below 0.10m. All measurements represent in-
stantaneous values at the time of acquisition.

o Soil samples

I:] Morphological Units

0 1,000m
1

FIGURE 2 | Discretization of the Masse basin into morphological
units and locations of the 82 collected soil samples.

i s
Pressure
Hydrometer

Sampler

Discharge and water
depth measures

Sediment concentration is determined through the analysis of
water samples collected using a Teledyne ISCO 3700 portable
sampler installed at the outlet section (Figure 3). The sampler
can collect up to 24 discrete samples and is fully programma-
ble for both sequential and composite sampling. An actuator
automatically triggers sampling when the flow depth reaches
the probe. The system was installed in September 2023 and
programmed to initiate sampling when the flow depth exceeds
0.20m above the channel bed. Five subsamples are collected per
bottle, each with a constant volume of 150mL and a sampling
interval of 4min. Consequently, each bottle contains 750 mL
and represents runoff collected over a 20-min interval. Sediment
concentration is therefore measured at a frequency of three sam-
ples per hour during flood events only. This temporal resolution
is adequate for capturing the dynamics of rapid flood events typ-
ical of the Masse basin, which has a concentration time of ap-
proximately 1 h. Sampling continues for up to 8 h, corresponding
to the sampler's maximum capacity.

To determine sediment concentration, each sample is weighed
and oven-dried at 105°C for 48 h until a constant mass is reached.
The water volume is obtained by subtracting the dry sediment
mass from the total sample weight, assuming a water density
of 1000kgm~3 at 20°C. The suspended sediment concentration
(SSC, gL™) is calculated as the ratio between dry sediment
mass and water volume. Each SSC value represents the average
concentration over the 20-min sampling interval. The product
of SSC and flow discharge Q yields the sediment discharge Q,
enabling a detailed reconstruction of the temporal evolution of
suspended sediment yield during storm events.

Flow discharge and SSC data were resampled to a 1-min tem-
poral resolution and merged into a single dataset. Data gaps
were filled as follows: (i) prior to flood onset, discharge values
recorded at hourly intervals were assumed constant between
consecutive measurements; during flood events, discharge val-
ues recorded every 10min were averaged between consecutive
observations and assigned to the first minute of the interval,
remaining constant for the subsequent 9 min; (ii) sediment con-
centration was assumed constant over the 20min preceding
each sampling time.

Pressure
Hydrometer

Q
EEsEEEEEEEEEEEEEEEEEEEEEEW

085m N

2,60 m

FIGURE3 | View and scheme of the sediment yield and flow discharge monitoring station.
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2.3 | Estimate of Gross Erosion

At the event scale, soil loss was estimated using the USLE/
RUSLE formulation (Wischmeier and Smith 1978):

A,=EL,KLSCP I

where A, Mgha™) is the event soil loss; EI;, (MImmha=h)
is the rainfall erosivity factor, defined as the product of rainfall
kinetic energy E (MJha~!) and the maximum 30-min rainfall in-
tensity I, (mmh'); K (Mgha~! per unit of EL) is the soil erod-
ibility factor; L and S are the slope length and slope steepness
factors, respectively; C is the cover-management factor; and P is
the support practice factor.

Currently, the USLE is widely applied in Europe and in
many other Mediterranean countries for practical purposes
(Bagarello and Ferro 2004; Morgan 2005; Bagarello et al. 2008,
2010). Previous studies verified the applicability of USLE-
type models and established their performance (Todisco
et al. 2015; Bagarello, Ferro, Giordano, et al. 2018c; Bagarello,
Ferro, Pampalone, et al. 2018d) at Masse SERLAB monitor-
ing station (Figure 1). A lack of ability of the USLE to predict
event soil loss can be expected given that the rainfall erosivity
factor EI, does not consider runoff explicitly, and specific in-
vestigations (Todisco et al. 2015, 2022; Bagarello et al. 2018c,
2018d) pointed out that using a rainfall-runoff erosivity factor
(e.g., correcting EI,, by runoff coefficient or soil moisture) en-
hances the USLE capability to account for variations in event
soil losses. A rainfall-runoff erosivity factor is also able to take
into account transport and deposition of soil particles that in
the SEDD model are considered by the sediment delivery ratio
of each morphological unit. In other words, combining USLE
and sediment delivery ratio is expected to consider both trans-
port and deposition phenomena.

The slope length factor L was calculated as (Moore and
Burch 1986; Moore and Wilson 1992; Di Stefano, Ferro, and

Porto 2000a):
/1 m
L= (—) 2
22.1 @

where 4 is the slope length and m is an exponent related to the
ratio F between rill and interrill erosion:

F
"E1TF ®
sin 0
0.0896 (4)

F=—_ 0086
3(sin 0)°®+0.56
where 6 is the slope angle.

The slope steepness factor S was computed using the
Nearing (1997) equation:

17

S=-1.5+
1+exp (2.3—6.1sin6) ®)

The soil erodibility factor K was estimated using the Wischmeier—
Johnson-Cross method (Wischmeier et al. 1971; Bagarello and

Ferro 2006) based on 82 soil samples distributed across the basin
(Figure 2).

The cover-management factor C was assigned according to land
use (Bagarello and Ferro 2006): 0.23 for autumn-winter herba-
ceous crops (cereals and legumes), 0.04 for olive groves with her-
baceous cover, 0.02 for vineyards, and 0.007 for forested areas. The
difficulties in explaining the temporal variability of the crop factor
for olive, vineyard and forested areas (Cinnirella et al. 1998) can
be justified taking into account that the overall erosion-reducing
effectiveness of these crops not only depends on the type of veg-
etation and its growth but also on how much of the erosive rain
occurs during the least crop protection. The interrelation between
crop effectiveness and climate was neglected and a constant value
of Cwas assumed to avoid the introduction of uncertainties related
to a more detailed estimate procedure. In the future, when more
erosive events will be available, the C factor estimate could be im-
proved using some erosive events for calibration. Detailed infor-
mation on the surface coverage variability and the corresponding
soil loss ratio should be strictly required to estimate the C factor
at event scale for herbaceous crops. At present, seasonal vari-
ations in herbaceous crops were neglected, as they are minimal
during the October-February period, when most events occurred,
and to avoid introducing additional uncertainty (Bagarello and
Ferro 2006). Since no soil conservation practices are implemented
in the basin, the support practice factor P was set equal to 1.

2.4 | Estimate of Distributed Sediment Delivery
Processes

At the hillslope scale, within-basin sediment yield variability
was modelled following the sequential Lagrangian approach
proposed by Ferro and Minacapilli (1995), which tracks sed-
iment transport from each morphological unit to the nearest
stream reach using a unit-specific sediment delivery coefficient
(Novotny and Chesters 1989).

In small basins lacking well-developed floodplains (Walling
et al. 1986) and with ephemeral channels, sediment deposition
within the channel network (the “channel component”) can be
neglected (Walling 1983, 1988; Richards 1993; Atkinson 1995).
Under this assumption, the sediment delivery ratio SDR; of each
morphological unit i depends on the travel time ¢,; of sediment
particles along the hydraulic pathway from the source area to
the nearest stream reach (Ferro and Minacapilli 1995).

The travel time ¢, ; is computed as the sum of travel times across
all morphological units located along the hydraulic path:

Z

M ' ©)
bt ﬁ

where N, is the number of morphological units along the path,
and 4;;ands; ;are the length and slope of the jth unit. Ferro (1997)

and Ferro and Minacapilli (1995) showed that the sediment de-
livery ratio can be expressed as:

J

Il
—

Noo o
SDR;=exp (—ft,;) =exp| —f Z% ()
=1 VSij

\/_
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TABLE1 | Characteristic data of the monitored rainfall-runoff events.

Event EL,(MImmha—'h) P, (mm) Q(-) (l;ﬁn’ge) g, @) u(SDR) o (SDR) S?f)b’e

2024/02/13-25 115.0 36.8 0.155 429 0.00264 0.0847 0.1250 0.060

2024/10/03 1503 596 0021 627 000598 00175 00593  0.0067

2024/12/20 94.1 288 0285 374 000256 0.0891  0.1276 0.064

2025/04/23 35.4 182 0071 579 000372 00456 009526  0.026
0.007

SDRi

[ <oor
[_Joo1- 005
[ 0.05-0.1

[Jo1-02 0
0= -0 -

FIGURE 4 | Spatial distribution of SDR, for the rainfall event
2024/12/20.

1,000m
1

where f is a coefficient characteristic of the basin and the tem-
poral scale considered (annual or event). Therefore, SDR; is com-
posed by two terms: the travel time, which is a time invariant
morphological variable (Equation 6), and the coefficient § that
is time dependent (i.e., it varies annually or with the considered
rainfall event).

For a basin discretized into N, morphological units, the event-
scale sediment yield at the basin outlet Y; , (Mg) is obtained from
the sediment balance equation:

N,
A,SDR;S,;=EL, ) K,L;S;C;P, exp (—f,1,;) S,

i=1

u

Y =

s,e

M=

Il
—

®

0.006 - Be=0.0015 Qg 0341 |
i R?=0.963

0.005 \

0.004

Pe

0.003 N —
0.002
0.001
0 L] L]
0 0.1 0.2 0.3

Qr

FIGURE 5 | Relationship between the coefficient 8, and the runoff
coefficient Q, for the investigated Masse basin.

where A; (Mgha™) is the soil loss from the ith morphological
unit estimated by USLE/RUSLE; K, L;, S;, C;, and P; are the cor-
responding USLE/RUSLE factors; S, ; (ha) is the unit area; and
p = p,is the single event-scale parameter of the SEDD model.

Four event-scale sediment yields (Y, ,) measured at the outlet of the
experimental basin were available for calibrating the SEDD model.
The event-scale parameter g, was estimated using Equation (8),
adopting the measured El,, values and imposing Y, , =Y, ..

3 | Results

For each event, Table 1 reports the values of EIL, rainfall
amount P,, runoff coefficient Qg, measured sediment yield Y, ,
and the corresponding f,, the mean y(SDR;) and standard de-
viation o (SDR;) of SDR,, and the basin-scale sediment delivery
ratio SDR), .. The latter was computed for each event as the ratio
between the measured sediment yield and the gross erosion es-
timated by the USLE.

The spatial distribution of SDR, is plotted, as an example, in
Figure 4 for the rainfall event 2024/12/20, which is character-
ised by the highest SDR, ,.

In agreement with previous studies (Di Stefano et al. 2019;
Bagarello et al. 2020; Pampalone et al. 2023), the relation-
ship between f, and Qg was investigated. Figure 5 shows that
p, never approaches zero, clearly indicating that sediment
delivery processes must be accounted for when estimating
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basin sediment yield. In other words, when gross erosion is
estimated using the event rainfall erosivity factor El,,, a cor-
rection is required to account for sediment transport and
deposition processes along hillslopes.

The variability of §, can be explained by the basin runoff coeffi-
cient Qg according to the following relationship (Figure 5):

B, =0.0015Q;%* ©)

Consistent with previous findings (Di Stefano and
Ferro 2017b), Equation (9) reflects the physical mechanism
whereby sediment transport along hillslopes becomes increas-
ingly efficient as event intensity, represented by the runoff co-
efficient, increases.

For the four analysed events, Figure 6 presents the cumulative
empirical frequency distributions of the sediment delivery ratio
SDR;. The results confirm that the highest SDR; values corre-
spond to the event of 20 December 2024, which is characterised
by the highest measured runoff coefficient (Q; = 0.285; Table 1).
Conversely, the lowest SDR; values are associated with the 3
October 2024 event, which exhibited the minimum runoff coef-
ficient (Qg = 0.021; Table 1).

The statistical descriptors of the SDR,; distributions, namely the
mean u(SDR;) and the standard deviation o(SDR;), reported in
Table 1, are plotted as a function of Qg in Figure 7. Both parame-
ters tend to become nearly constant for Qp > 0.155, as a result of
the substantial overlap between the distributions corresponding
to the 13-25 February 2024 and 20 December 2024 events.

Finally, as shown in Figure 8, SDR, , increases with increasing
rainfall-runoff event intensity, confirming the nearly invari-
ance of sediment delivery processes (SDR, ,=constant) under
more intense hydrological conditions.

4 | Discussion

The decreasing f,-Qg relationship indicates that event-scale sed-
iment delivery processes become less limiting as hillslope flow
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FIGURE 6 | Empirical cumulative frequency distributions of SDR,

1E-08

for the investigated events.

discharge increases, leading to higher SDR,; values for increasing
runoff coefficients. Within the SEDD framework, gross erosion
for each morphological unit is estimated using the USLE, which
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FIGURE 8 | Relationship between the basin sediment delivery ratio
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assumes that soil loss is not constrained by the runoff capacity to
transport detached particles, that is, a transport-unlimited con-
dition (Bagarello, Di Stefano, Ferro, and Pampalone 2018a). In
contrast, sediment yield is controlled by the transport capacity
T, of surface runoff.

The soil loss estimated by the USLE can therefore be attenuated
through the sediment delivery ratio SDR;, which is linked to T,
and allows deposition processes to be accounted for when the
sediment load exceeds T,. Since transport capacity increases
with flow discharge (Ferro 1998), SDR,; is directly related to
hillslope runoff and, consequently, to the runoff coefficient Q,
as confirmed by the results shown in Figure 5.

These findings can also be interpreted through the concept of
sediment connectivity, which distinguishes between structural
and functional components (Di Stefano and Ferro 2017b; Najafi
et al. 2021; Shi et al. 2025). Sediment connectivity describes
“the pathways, processes and probability of sediment transfer
from sources to potential sinks within a given watershed” (Shi
et al. 2025) and represents an effective metric for assessing soil
erosion and sediment yield processes at the basin scale (Bracken
et al. 2015). Within the SEDD framework, the sediment deliv-
ery ratio SDR; can be regarded as a measure of overall sediment
connectivity.

The structural component of connectivity is independent
of the temporal scale and depends on the subdivision of the
basin into morphological units and on their geometric char-
acteristics, such as slope length, steepness, and travel time.
Conversely, the functional component is event-dependent
and is represented by the coefficient f,. The present analy-
sis, particularly the relationship expressed by Equation (9),
demonstrates that sediment delivery ratios increase, sediment
transport efficiency along hillslopes increases, and overall
sediment connectivity becomes stronger as event intensity—
represented by Qp—increases.

Figure 5 further indicates that the two most erosive events
(13-25 February 2024 and 20 December 2024), characterised by
the highest runoff coefficients, exhibit similar g, values. This
suggests the existence of a threshold runoff coefficient, esti-
mated for the Masse basin to be approximately Q; = 0.15, above
which g, becomes effectively constant. This hypothesis will re-
quire verification through the observation of additional events
with Qg > 0.15.

As a consequence of an invariant fg,, the cumulative frequency
distributions corresponding to the highest SDR; values (Figure 6)
for the 13-25 February 2024 and 20 December 2024 events, char-
acterised by Qg values of 0.155 and 0.285, respectively, nearly
overlap. If confirmed by further measurements, this behaviour
would imply that, for events with Qg > 0.15, the functional com-
ponent of sediment connectivity becomes invariant, and the
variability of SDR; is governed solely by the structural compo-
nent of the basin. In this case, the functional connectivity would
represent an intrinsic characteristic of the investigated basin.

Independent evidence supporting this hypothesis is provided by
plot-scale measurements at Masse SERLAB (Figure 1), where
Todisco et al. (2022) identified thresholds of rainfall depth and

antecedent soil moisture content, derived from satellite data,
associated with runoff rates. All runoff coefficients exceeding
these thresholds were greater than 0.1, with most values ex-
ceeding 0.15. If these findings are confirmed at the basin scale,
rainfall depth and antecedent soil moisture thresholds could be
used to identify events for which the functional connectivity
component is invariant (8, = constant) in the Masse basin.

Finally, when sediment delivery processes are represented by
a lumped index such as the basin-scale sediment delivery ratio
SDR,, ., the results shown in Figure 8 suggest that this index may
also be considered invariant for events with Qg > 0.15. Under
these conditions, the basin response in terms of sediment de-
livery would be governed primarily by morphological controls
and would be directly related to the distribution of slope length
and steepness of the morphological units into which the basin
is subdivided.

5 | Conclusions

The optimal allocation of soil conservation strategies within a
basin requires an accurate assessment of the spatial variability
of sediment delivery processes through distributed modelling
approaches. In this study, the SEdiment Delivery Distributed
(SEDD) model, which explicitly accounts for sediment deposi-
tion along hydraulic pathways, was applied at the event scale to
the Masse experimental basin. Application of the SEDD model
requires the estimation of a single parameter, g,, which governs
the sediment delivery ratio of each morphological unit.

Model calibration based on four rainfall-runoff events moni-
tored at the basin outlet allowed the relationship between g, and
the runoff coefficient to be quantified. This relationship reflects
the physical mechanism whereby sediment transport along
hillslopes becomes increasingly efficient as event intensity, rep-
resented by the runoff coefficient, increases.

Analysis of the empirical cumulative frequency distributions of
the sediment delivery ratio for individual morphological units in-
dicates that the influence of the runoff coefficient on #, becomes
negligible for the most erosive events. Under this hypothesis, for
events characterised by Qg > 0.15, variability in sediment con-
nectivity is controlled exclusively by the structural component,
while the functional component becomes invariant and repre-
sentative of the basin. Consequently, for high-intensity rainfall-
runoff events (Qg > 0.15), sediment delivery processes appear to
be governed primarily by morphological attributes such as slope
length and steepness, as f, assumes a constant value.

Given the limited number of available sediment yield measure-
ments, additional rainfall-runoff events should be monitored
to further test and strengthen these conclusions and to confirm
the existence and robustness of the identified runoff coefficient
threshold.
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