(@ EJP SOIL

Towards climate-smart sustainable management of

agricultural soils

SCALE

Managing Sediment Connectivity in Agricultural
Landscapes for reducing water Erosion impacts

Deliverable WP3-D1

Final report on the comparative analysis of
accuracy and costs of the different soil
erosion measurement and observation

techniques, based on partner experience.

Due date of deliverable: M33
Actual submission date: 15.02.2024

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 862695




Deliverable WP3-D1 Final report on the comparative analysis of accuracy

EJP SOIL

r—
and costs of the different soil erosion measurement and observation H SCALE
techniques, based on partner experience

GENERAL DATA

Grant Agreement: 862695

Project acronym: EJP SOIL SCALE

Project title: Managing Sediment Connectivity in Agricultural Landscapes for
reducing water Erosion impacts

Project website: www.scale-ejpsoil.eu

Start date of the project: February 1St, 2021
Project duration: 42 months
Project coordinator: Elmar M. Schmaltz (BAW)

Funding source: H2020-SFS-2018-2020 / H2020-SFS-2019-1
Type of action: European Joint Project COFUND

DELIVERABLE NUMBER: WP3-D1

DELIVERABLE TITLE: Final report on the comparative analysis of
accuracy and costs of the different soil
erosion measurement and observation
techniques, based on partner experience.

DELIVERABLE TYPE: Report

WORK PACKAGE N: WP3

WORK PACKAGE TITLE: Standardization of up- and downscaling
techniques of data from field to catchment

DELIVERABLE LEADER: M. Fantappie, CREA

AUTHORS: M. Fantappiél, S. Pellegrinit, N. Vignozzi?, P.
Deproost?, S. Callewaert?, P. Strauss?, L.L.
Johannsen?

DISSEMINATION LEVEL: PU

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 862695 2



http://www.scale-ejpsoil.eu/

Deliverable WP3-D1 Final report on the comparative analysis of accuracy ‘L’ EJ P SO I L

and costs of the different soil erosion measurement and observation
SCALE

techniques, based on partner experience

Affiliations

Abbreviation linked third party

to

1 CREA Council for Agricultural Research and Economics /
Consiglio per la ricerca in agricoltura e I'analisi
dell’economia agraria

2 VPO Flemish Planning Bureau for the Environment and Spatial EV-ILVO
Development / Vlaams Planbureau voor Omgeving

3 BAW Federal Agency for Water Management BIOS

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement N° 862695 3




Deliverable WP3-D1 Final report on the comparative analysis of accuracy / EJ P SO | L

and costs of the different soil erosion measurement and observation /

techniques, based on partner experience ALk
Table of Contents
N [ ) o oo [¥ o1 T o OO PP OPT PRSPPI 5
P Y A 1T =) d o 1T 4 =] o Lol PP PP PTP PSPPI 5
L CREA e et b e s b s be e s e e be e s r e s ba e s reeennees 5
2.0.1 At SUDTIEIA-SCAIE et 5
2.0.2 AL IRl SCAIE et be e s re e e sreeenees 5
2.1.3 At CatChMENT SCAIE e st s 7
2.1.4 CoNClUSIONS FOr CREA... ..ottt ettt sttt ettt et sre e st sae e e beesbeesaeesane e 8
2.2 VPOt et sttt e et s e e e b et e s b e e e ra e e s r e e sreeesreeeane 9
2.2.1 At field — sub-catChmENT SCAlE .....eiiiiieiie e e 9
2.2.2 At CAtChMENT SCAIE ..ot st e e bt e e ab e s b e sanes 9
2.2.3 CoNCIUSIONS FOF VPO ....eeiiiiiieiiie ettt ettt ettt e sttt e st e st e s ate e sabeeesabeesabeesnbeesabaeenns 10
2.3 BAW et b et e st e Rt e s r e e s be e e s b e s be e e aneee s reeenaree s 11
2.3.1 At SUD-FIRIA SCAIE .ot 11
2.3.2 AL IRl SCAIE ettt ettt e s e e sab e sbe e s beeesbeeeane 11
2.3.3 At CaAtChMENT SCAIE ettt ettt et sab e b e st e sbee e 12
2.3.4 CoNCIUSIONS FOF BAW ....oiiiiiiiiieeite ettt ettt ettt e e st e st e e s ate e sabeeesabeesabeesnbeesabaeenns 13
3 CONCIUSIONS ...ttt ettt ettt et e e bt e sa e e s at e st e e bt et e e bt e sbeesaeeeat e et e e abeesaeesaeesmbeeabeebeenns 13
RETEIEINCES ...ttt ettt e bt e s bt e s ae e sat e st e et e e b e e bt e sbe e eae e eateeabe e teenbeesheesanena 15
e This project has received funding from the European Union’s Horizon 2020

et research and innovation programme under grant agreement N° 862695 4



Deliverable WP3-D1 Final report on the comparative analysis of accuracy l EJ P S O I L

and costs of the different soil erosion measurement and observation /
techniques, based on partner experience

SCALE

1 Introduction

Calibration and validation of soil erosion models is essential to have reliable results, to be used in soil
erosion monitoring programs, especially when fixed target values are set be achieved by soil protection
measures. According to Borrelli et al. (2016), who reviewed 3030 erosion modelling records from 126
countries, in the early period (1994-2000) of soil-erosion modelling the percentage of studies
accompanied by validation/evaluation was higher, than in the following period 2000 to 2015. They
reported that, of the most applied models, those with the highest share of validation/evaluation
(>85%) were ANSWERS, PERFECT, USLE-M, DSESYM, and EUROSEM. SWAT and WaTEM/SEDEM both
had values around 80%, while LISEM, WEPP, and MMF total 72, 66, and 63.3%, respectively.
Applications of USLE and RUSLE models showed reasonably high (63—69%) validation/evaluation
values when applied to simulate sediment vyield. However, these values drop when
validating/evaluating hillslope gross erosion estimates (RUSLE: 41%; USLE: 34%). An extensive set of
techniques were included in the validation/evaluation group, ranging from volumetric loss
measurement (e.g., pins, cross-sections, contour gauge, and terrestrial laser scanning) to qualitative
observations performed through field observations and remote sensing. About one-third of the entries
reported model calibration. The models with the highest shares of calibration were SWAT, LISEM,
WaTEM/SEDEM, and MMF.

An analysis of the different costs related to the implementation of the different techniques to measure
and/or qualitatively evaluate soil erosion is missing. The aim of the present deliverable is to report the
partners’ experience on the accuracy and costs of the different techniques.

2 Partners experience

2.1 CREA

2.1.1 At subfield-scale

Rainfall simulation

CREA carried out a field rain simulation campaign aimed to investigate the cause-effect relationship
between rainfall kinetic energy and soil surface crusting, allowing some physico-mathematical
description of the sealing mechanisms (Panini et al., 1997). This approach contributed to filling the gap
between seal-causing processes and seal-induced effects. This study also contributed to the
mathematical formalization of the effect of raindrop impact on soil macroporosity.

CREA also used simulated rainfall to assess the effect of different rates of organic amendment addition
on topsoil structural properties (Pellegrini et al., 2013).

2.1.2 At field scale

1) Drone image analysis

CREA has experience in photogrammetry from aerial images acquired via Unmanned Aerial Vehicles
(UAVs). This methodology has been developed for three main purposes: i) to obtain a quick
measurement of rill erosion at field scale combining the simplicity of field survey to reliability of results

* & This project has received funding from the European Union’s Horizon 2020
e research and innovation programme under grant agreement N° 862695 5
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at an affordable cost; ii) to calibrate the RUSLE model to make it suitable for the purposes of CAP
indicator assessment; iii) to provide a tool to technical regional services and independent evaluators
responsible for the evaluation or rural development plans and soil conservation measures
implemented within the framework of the CAP.

To determine the effectiveness and reliability of the new methodology a comparison between rill depth
measured manually on 51 points and depth measured by UAV method was made. The obtained linear
regression equation was highly significant (R?=0.87). The UAV methodology has proven useful in terms
of speed of data acquisition, degree of automation of data processing and economic efficiency
(Bazzoffi, 2015). The main advantage of micro drone UAV photogrammetry is the possibility of
obtaining, at affordable costs, high-resolution Digital Elevation Models (DEMs) from stereo images
taken near the soil surface by a high-resolution camera. Furthermore, since the equipment is easy to
acquire and manage, the user can schedule the flight plan when sunlight, weather and soil surface
condition are favorable to obtain pictures suitable to generate a high-quality DEM. On contrary, the
major limitation for obtaining good quality aerial images are: i) the presence of vegetation and crop
residues that cover the soil surface, and ii) the shadow shifting between consecutive photo capture on
adjacent areas (Bazzoffi, 2015).

Using soil loss data from 9 Italian experimental sites, a comparison was also made between erosion
values estimated by RUSLE model and the ones measured by UAV method. The statistical analysis did
not highlight any significant difference between the measured values and those estimated by the
RUSLE model (Bazzoffi et al., 2015). Despite the limited number of observations, it can be stated that
the correspondence between RUSLE estimated erosion values and the ones obtained by the UAV
methodology is quite satisfactory.

The method was accurate, but it was not maintained by CREA, due to lack of staff.

2) Visual inspection of erosion features

CREA developed a software (ISUMmate) (Andrenelli et al., in press) based on the Improved Stock
Unearthing Method (ISUM) (Brenot et al., 2008), able to estimate the erosion rate based on the
difference of soil volumes, calculated considering the actual level of soil surface and that at vineyard
plantation time, identified by the position of the grafting point (Casali et al., 2009; Rodrigo-Comino et
al., 2016). The tool requires as input, soil surface measurements and user’s specifications related to
vineyard design, tractor and soil characteristics, and returns, for each couple of consecutive surveyed
transects, the erosion and deposition rate. The application has an intuitive design and includes
instructions for users.

The application of the tool to a 16-year-old vineyard managed with continuous tillage and permanent
grass provides coherent data, particularly for permanent grass.

ISUMmate application will be downloadable at https://github.com/SUVISA-project/ISUMmate, where
further program versions will be continuously updated, and tutorials and handbooks added.

3) Observations in field of presence or absence of evidence of soil erosion

CREA stores in the national soil database 21,650 georeferenced observations in field on the presence
or absence of evidence of soil erosion (table 1), collected during soil sampling campaigns in a period of
time from 1952 to 2020. Both the observation of presence and absence of evidence of soil erosion has
proven to be very useful in the qualitative validation of soil erosion mapping (Fantappié et al., 2014).

* & This project has received funding from the European Union’s Horizon 2020
Rt research and innovation programme under grant agreement N° 862695 6
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These qualitative observations are at no cost, apart from the time to record and store the information

taken in field.

Table 1. Numbers of recorded field observations on the presence or absence of evidence of soil erosion
extracted from the CREA national soil database.

absent 01/03/1952 05/11/2019 8572
water sheet erosion 01/06/1955 30/09/2020 9144
water rill erosion 01/06/1953 24/10/2019 2002
water gully erosion 01/06/1955 25/11/2014 582
water tunnel erosion 17/03/2007 17/03/2007 2
debris avalanches 01/06/1958 08/10/2012 26
earthflows 06/12/1983 16/06/2016 107
creeping and solifluction 01/01/1980 27/06/2012 106
wind erosion 10/07/1968 02/03/2017 1087
karst erosion 09/10/1991 08/10/2008 14
water bank erosion 16/04/1999 14/07/2016 5
anthropic erosion 10/05/1992 12/12/2008 3
total 01/03/1952 30/09/2020 21650

2.1.3 At catchment scale

CREA has compiled a data set with sediment deposition rates for reservoirs constructed in the 1950’s
and 1960’s throughout Italy (Van Rompaey et al., 2003). Sediment deposition rates were assessed by
direct sonar sub-bottom profiler measurements or derived from estimates and measures made by

* This project has received funding from the European Union’s Horizon 2020
et research and innovation programme under grant agreement N° 862695 7
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ENEL (Italian Electricity Power Company) during dredging or from direct surveys. Only lakes and
reservoirs with a likely sediment trapping efficiency of 100% were considered. Nevertheless, there is
never a 100% guarantee that sediment trapped in a reservoir represents the total sediment yield from
the watershed in the lapse of time from dam building to survey time. For this reason, only 44
watershed-reservoir systems were selected from the database, retaining only the better-known ones
respect to management history. The sediment volumes were converted to mass volumes using a mean
bulk density of 0.865 t m™ derived from the direct analysis of sedimentary profiles of 4 reservoirs of
the data set. Further details can be found in the cited document. The method was accurate, and it was
used to validate the soil erosion risk map of Italy produced in collaboration with JRC, but it was quite
costly and therefore it was not maintained by CREA, due to lack of staff.

2.1.4 Conclusions for CREA

The conclusions which can be taken by analyzing the summary provided in Table 2 is that the
requirement in staff efforts of higher accurate instruments make their maintenance in functions more
difficult. Measured visual inspections in the field seems a good compromise between accuracy and
cost. Qualitative observation in field has also its advantages for a qualitative evaluation of soil erosion
maps.

Table 2. Summary table of the experience in measuring/estimating soil erosion at CREA

Rainfall simulation SUB-FIELD high medium

z?v image analy- ¢\ high Medium-High NO
.I\/Ieasur.ed visual FIELD medium Low-medium YES
inspection

Qualitative obser-

ELD E
vations in field Fl low low YES
Sedi t d i-
ecdiment Cepost -\ reHMENT high high NO
tion in reservoirs
Gk This project has received funding from the European Union’s Horizon 2020
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2.2 VPO

2.2.1 At field — sub-catchment scale

In certain instances, VPO has employed Unmanned Aerial Vehicle (UAV or drone) flight observations to
qguantify erosion at the parcel or sub-catchment scale. This approach offers the advantage of acquiring
high-quality data within a relatively short timeframe and at relatively low, that is, at a medium cost.
The utilized drone at VPO is equipped with a visible light sensor, serving the purpose of
photogrammetry. This capability facilitates the creation of an accurate 3D model of the landscape,
providing valuable insights into features such as rill and gully formation. The drone has a flight duration
of 15 to 18 minutes, covering an area of approximately 14 hectares. The resolution and accuracy of the
photogrammetric output range from a few millimetres to 1 centimetre; however, several factors may
influence accuracy, including flight height, vegetation cover density, and the presence of direct
sunlight. To address some of these challenges, LiDAR apparatuses could be mounted onto drones,
resulting in higher resolution and improved vegetation penetration for imagery. Nevertheless, this
enhancement comes with a significantly higher economic cost, both in terms of technological devices
and image processing capacity.

Moreover, addressing challenges related to drone flights is imperative. Firstly, navigating through
diverse legislative laws is essential, often established at varying governmental levels, including
European, national, or even regional. Restricted airspaces around airports and military bases impose
limitations on flight altitudes and may even prohibit drone operations in specific locations or during
certain times. This necessitates thorough planning and certification procedures before conducting
drone measurements, hindering the spontaneity of assessments during sudden erosion events.

Secondly, in accordance with privacy and safety legislation, conducting drone flights over individuals
and residences is prohibited without proper licensing and explicit consent. Obtaining permission for
aerial photogrammetry measurements, especially in densely populated areas like most of Flanders,
poses a considerable challenge.

Lastly, favourable weather conditions are crucial for optimal drone flights, requiring minimal wind,
humidity, ample direct sunlight, and cloud-free skies. Unfortunately, these conditions are not always
present during erosion events, making real-time measurements challenging. Consequently, resorting
to before-and-after comparisons becomes necessary to estimate erosion totals. Nevertheless,
executing these comparisons on a (sub-)catchment scale proves to be an expensive and time-
consuming endeavour, whereas preforming them on a parcel scale could be more feasible. This is,
however, currently not done by VPO or collaborating entities in Flanders for erosion monitoring
purposes.

2.2.2 At catchment scale

1) On land observations

In Flanders, no long-term sediment and/or erosion observation measurements have been conducted
by VPO. However, at the municipal level, records are available for locations where erosion or sediment
problems have been identified. These observations primarily consist of qualitative information rather
than precise measurement data that could be used to quantify erosion streams and denudation rates.
Nonetheless, these observations contribute to understanding the patterns of sediment distribution in
the landscape and can be utilized to validate modelled sediment streams at the catchment level. It is

* & This project has received funding from the European Union’s Horizon 2020
Rt research and innovation programme under grant agreement N° 862695 9
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crucial to recognize that the way and the purpose behind these observations have inherent social and
economic biases. Since these observations are primarily carried out for civil erosion mitigation
planning, documentation focuses only on erosion and sedimentation problems that pose social or
economic threats, overlooking some of the more concealed or less acknowledged environmental
consequences. Additionally, there are no standardized procedures for these observations, as most
erosion mitigation plans are executed only at the municipal or sub-regional level. This lack of
standardization poses challenges in comparing different datasets with each other.

2) Sediment monitoring in watercourses and sediment retention ponds

Since 2000, the Flemish Environment Agency (VMM) manages several sediment monitoring stations in
Flanders. The oldest stations are situated in the erosion-prone areas of the Upper Scheldt Basin, later
different sediment monitoring stations were installed in the Demer Basin (VMM, 2008), Dyle basin and
other locations in Flanders. Some monitoring stations are temporary, other stations will remain
operational to evaluate the temporal variations. At each monitoring station, turbidity, sediment
concentration and flow rate are measured.

The (water) turbidity is measured using turbidity sensors. These operate via an optical light beam sent
into the water, the degree of reflection on suspended material (sediment) in the water column is a
measure of water turbidity. Since turbidity is highly correlated with suspended sediment concentration
in the watercourse, a calibration curve can be established between the sediment concentration and
turbidity.

The sediment concentration refers to the total fraction of suspended matter in the water column. This
concentration is determined in the laboratory by the dry residual analysis. The samples are taking
during rainfall events throughout the year.

The sediment load or sediment export (SE, tonnes/yr) through a watercourse for a given time period is
the sum of the sediment flow rates of the watercourse over this period. The sediment flow rate (kg/s)
of a watercourse is determined by multiplying water flow and sediment concentration. The sediment
export per unit area of catchment is called 'specific sediment export' (SSE, unit tonnes/ha/yr).

The monitoring stations generate continuous measurement data with a measurement frequency of 15
minutes. The stations operate as autonomously as possible, with data being automatically transmitted
4 times a day to a central database. The data from the sediment measuring stations (flows and
sediment concentrations) are publicly available via waterinfo.be.

These measurements are combined with sediment accumulation data of retention ponds to calibrate
the WaTEM/SEDEM model for Flanders.

2.2.3 Conclusions for VPO

Unmanned Aerial Vehicle (UAV or drone) flight observations are promising techniques to monitor
erosion processes, but equipping these UAV with LiDAR apparatuses has several advantages compared
to visible light sensors. Restricted airspaces, privacy and safely legislations in densely populated areas
and bad weather conditions may hamper drone flights. On land observations at catchment scale can
be used to qualitatively validate modelled erosion and sedimentation processes but are to be improved
by standardizing observation procedures. Monitoring of sediment loads in watercourses provides
essential data to calibrate and validate models like WaTEM/SEDEM.

:* ‘ *** This project has received funding from the European Union’s Horizon 2020
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Table 3. Summary table of the experience in measuring/estimating soil erosion at VPO

image FIELD/SUB-CATCHMENT high medium- YES/NO

analy5|s high (possibility to
expand, but no
real
monitoring
history)

Observation CATCHMENT (especially low low YES

records of populated areas)

sedimentation and

erosion

Sediment CATCHMENT high high YES

monitoring in

watercourses and
retention ponds

2.3 BAW

2.3.1 At sub-field scale

Rainfall simulation
A second tool that we use quite often is rainfall simulation (Strauss et al., 2000; Davidova et al., 2015).

It is not possible to provide a general error because of the impossibility of providing true values. A
typical coefficient of uniformity is in the range of 0.8 —0.9 (Christiansen uniformity coefficient) but this
does not provide sufficient detail yet to estimate a general error of an application. Typical costs of using
a rainfall simulator are in the middle range between 500 — 5000 €. This depends to a large extent on
the size of a rainfall simulator and the side equipment that is used when applying it.

2.3.2 At field scale

1) Image analysis
We use close-range photogrammetry and image analyses to measure various soil surface properties:

proportion of dead/living soil cover (Riegler-Nuerscher et al., 2018, Bauer and Strauss, 2014) and soil
surface roughness/bulk density (Bauer et al., 2015, Bauer et al., 2014, Laburda et al., 2021). Some
details about the accuracy of measurements are provided in the respective papers. As a general rule
the accuracy of close-range photogrammetry is in the range of few mm — 1 cm. The error of image
analysis for automatic detection is about 5%. The advantage of both methods is their low costs and

* This project has received funding from the European Union’s Horizon 2020
et research and innovation programme under grant agreement N° 862695 11
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easiness of measurement. Low cost in this context means costs of less than 500 € to establish
measurements.

2) Tipping bucket and disdrometer measurement for rainfall
Tipping bucket equipment can both be used for the collection of rainfall and runoff water from erosion

plots. The typical size of rain gauges that use tipping buckets is in the volume range of between 100
cm? and 500 cm?. Today they do not represent the last evolutionary step in rainfall data technology.
They have been replaced by rain gauges that work on a balance principle. The typical costs of tipping
buckets rain measurements are about 1000 €, while the cost for balance-based equipment is about
4000 €. Another way of measuring rainfall is with disdrometers, which measure raindrop size and
velocity and thus can be used for improved rainfall erosivity estimation. However, the accuracy of
disdrometers vary among the available types (Johannsen et al., 2020a, 2020b). The cost of
disdrometers starts at around 3000 € upwards.

3) Tipping bucket measurement for runoff

Another way of tipping bucket implementation for erosion studies is to use them for the measurement
of runoff volumes on erosion plots (Konzett et al., 2024). Typical sizes for their implementation vary
between a few m? to 100 m?. The advantage of using tipping bucket systems is to record the total runoff
volume dynamically via the number of tips per unit of time. Together with a system to collect a small
share of the total volume it is also possible to obtain information about the total sediment load that is
occurring during single events. The costs of such a system would be in the middle range for one plot
(about 3000 €).

4) Visual inspection of erosion features
A common method to establish erosion rates of typical field to small catchment scales is the visual
inspection of visible erosion features. This can be accomplished either manually using measuring tapes

to record the length, width, and depth of single erosion rills or gullies. There is an increasing effort to
monitor these features automatically using drones, also from our side. The costs for implementing such
a method are medium when using drones but not cheaper when using visual inspection because of a
relatively high cost of manpower.

2.3.3 At catchment scale

Flumes

Flumes are typically used for relatively small but continuous flow conditions to monitor headwater
catchments. Various types exist; one commonly used type is the so-called H-flume, a device that
enables flow measurements for a particularly wide range of flow conditions (Bloschl et al., 2016). In
addition to the flume itself, for every flume, there is a need to measure flow depth. This can be
accomplished with different systems ranging from pressure transducers to radar sensors. Our
experience suggests using radar sensors because of their precision (a few mm) and ease of use. In
contrast, pressure transducers may exhibit a different behavior for the rising and falling limb of a flow
curve. Costs for a complete implementation of a flume (plus measurement device) are typically in the
range of several thousands of Euro.

* & This project has received funding from the European Union’s Horizon 2020
Rt research and innovation programme under grant agreement N° 862695 12
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2.3.4 Conclusions for BAW

Costs of equipment in general are independent of the scale of observation. They depend largely on the
quality of the data sets obtained in terms of temporal and spatial resolution of data collection. Also,
costs in Table 4 refer only to costs for purchasing and setting up the instruments. Thus, costs for person
power to maintain equipment and analyze data obtained have not been included. However, these costs
are usually much higher compared to purchasing costs, independent of the equipment of interest.

Table 4. Summary table of the experience in measuring/estimating soil erosion at BAW

Rainfall simulation ~ SUB-FIELD high medium

Tipping bucket FIELD high medium YES
Image analysis FIELD/CATCHMENT high Medium- YES

High

Measured visual FIELD medium Low- YES
inspection Medium

Flume and CATCHMENT high medium YES
sediment

concentrations

3. Conclusions

The main conclusions which can be derived by the comparative analysis of partners experience (Table
5) is that the costs of equipment in general are independent of the scale of observation and that the
costs for person power to maintain equipment and analyze data obtained are usually much higher
compared to purchasing costs, independent of the equipment of interest. Measured visual inspections
in the field seems a good compromise between accuracy and cost, in case that there is shortage in staff
availability.

Qualitative observation in field and at catchment scale are used both by CREA and by VPO to
qualitatively validate modelled erosion and sedimentation processes but are to be improved by
standardizing observation procedures.

A promising technique, applied by all partners, is the photogrammetry which can be applied using
Unmanned Aerial Vehicle (UAV or drone). The drawbacks of this technique to be considered, us

A This project has received funding from the European Union’s Horizon 2020
St research and innovation programme under grant agreement N° 862695 13



Deliverable WP3-D1 Final report on the comparative analysis of accuracy ‘/’ EJ P S O | L

and costs of the different soil erosion measurement and observation SCALE
techniques, based on partner experience

underlined by the colleagues of VPO, are restricted airspaces, privacy and safely legislations in densely
populated areas and bad weather conditions may hamper drone flights.

Flume and sediment concentration monitoring and monitoring of waterflow and sediment
concentration in watercourses, retention ponds and in reservoirs provides essential data to calibrate
and validate erosion models at catchment scale and have been used both by Belgium and by Italy to
calibrate and validate soil erosion maps at national scale.

Table 5. Summary table of the experience in measuring/estimating soil erosion for all partners

Rainfall simula-

i SUB-FIELD high medium CREA & BAW
Tipping bucket FIELD high medium BAW
Measured visual - pie) medium Low-Medium  BAW and CREA
inspection
Qualitative  ob= e, low low CREA
servations in field
Observation rec-
ords of sedimen- oy ey low low VPO
tation and ero-
sion
UAV and Image FIELD-CATCH- . . .
AT MENT high Medium-High ALL PARTNERS
Sediment moni-
toring in water-
courses, reten- CATCHMENT high high CREA and VPO
tion ponds and in
reservoirs
Flume and sedi-
ment concentra- CATCHMENT high medium BAW
tions
i '** This project has received funding from the European Union’s Horizon 2020
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