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And scenario analysis
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Evaluate the soil
conservation
techniques
(existing ones and
new design)
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Impact , rate and
contribution

of high dynamics
processes in the
land degradation
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Inland water quality

L. Borselli — Department of Primary Industries (DPI), Rutherglen, (Victoria , Australia) 24" Sept. 2009



State of the Art and Future Dev nent of Erosion Modelling in Ital rope

/

Part Il - Soil erosion process and paradigns, inltaly and
Europe

State of the Art and Future development of Erosion modelling in Italy and Europe



Part Il - Soil erosion process and paradigns
inltaly and Europe

——Soil wetting, slaking, sealing
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Sheet erosion
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Shallow landslides

Appenlne ;
In alfalfa NPT i ks
field i ept 2002 [ 2 March 2003

after rapid -
snowmelt
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Part Il - Soil erosion process and paradigns
in Italy and Europe

Soil erosion by tillage

Sc =1.15+0.076 «

Average erosion rate Er (Scjom y'1)
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Local slope gradient (a) - %
(calculated on 2.5m step length)
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Part Il - Soil erosion process and paradigns
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Tuscany , central ltaly Veneto, North ltaly

Livellamento |and levelling

accumulation
Accumulo
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OFF-SITE

Impacts

Increased sediment load in streams.
Accelerated sedimentation in reservoirs
Ecological and landscape impacts
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Study site
DESIRE

EU project
(2007-2012)
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Study site
RECONDES
EU project
(2004-2006)
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Index of sensitivity to desertification (SDI), 2008

|:| < 1.2 Non affected areas or very low sensitive areas to desertification
|:| 1.2 - 1.3 Low sensitive areas to desertification

|:| 1.3 - 1.4 Medium sensitive areas to desertification

- 1.4 - 1.6 Sensitive areas to desertification

- > 1.6 Very sensitive areas to desertification

European
Environment
Agency (EEA)
(2009)

L. Borselli — Department of Primary Industries (DPI), Rutherglen, (Victoria , Australia) 24" Sept. 2009

Part Il - Soil erosion process and
paradigms in Italy and Europe




State of the Art and Future Development of Erosion Modelling in ItMé

Part [l - Current soil erosion modd's

State of the Art and Future development of Erosion modelling in Italy and Europe



Part 11l - Current soil erosion models

(a) Classification of models based on process description

PROCESSES

LUMPED

DISTRIBUTED

DETERMINISTIC

STOCHASTIC
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Part 11l - Current soil erosion models

(b) Classification of models based on space and time scales

DISTRIBUTED CONTINUOUS- LARGE
TIME TIME-SCALE

SMALL MEDIUM-SIZE LARGE
WATERSHED WATERSHED WATERSHED
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Part 11l - Current soil erosion models

Lumped MODELS

J. de Vente, J. Poesen / Earth-Science Reviews 71 (2005) 95-125

Tunisia 2

Israel
°
°
°
100 1000 10000 100000 °
Basin area (km?)
°
Spain: SSY=4139A°* (R2=0.17, n=60, p<0.001)
Algeria: SSY=7133A742 (R?=0.23 , n=15, p=0.07) -
Turkey: SSY=39.28A°% (R2=0.012, n=17, p=0.67)
Tunisia 1: SSY=2027A"% (R2=0.20, n=23, p=0.03)
Tunisia 2: SSY=11954A*"(R?=0.58, n=14, p=0.002) °
Morocco: SSY=19193A7* (R?=0.59, n=17, p<0.001)
Italy: SSY=103.6A°?*(R?=0.05, n=44, p=0.15) O
Israel: SSY=753.7A°*' (R*=0.22, n=17, p=0.08)
All data: SSY = 838.4A '® (R?=0.09, n=207, p<0.001)
°
Fig. 3. Relation between area-specific sediment yield (SSY) and basin area for various Mediterranean basins. Source of data: Spain: (Avendafio
Salas et 997); Alg ani et al., 1998); Turkey: (Gogiis and Yener, 1997); Tur 1: (Albergel ef 0); Tuni (Lahlou, 1996); O

Morocco: (Lahlou, 1996; Fox et al., 1997); Italy: (Tamburino et al., 1990; Van Rompaey et al., 2003a; Van Rompaey et al., 2005); Israel: (Inbar,
1992).
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Part 11l - Current soil erosion modd's

DISTRIBUTED
MODELS
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Description of the scores for factors used with semi-quantitative
analysis of SSY in Northern Ethiopian catchments (after modifying
Verstraeten et al., 2003)

Factor Score Description

Topography® 1 Gentle slopes near the reservoir and main

rivers; elevation differences <300 m within

5 km.

2 Moderate slopes near the reservoir and main
rivers; elevation difference between 300 and
750 m within 5 km.

3 Very steep slopes near reservoir; elevation

difference =750 m within 5 km.

Gullies are rare or channel banks and beds

have low erodibility (or stabilized) and poor

connectivity between gullies.

Gullies (G)* 1

2 A few active gullies with medium
connectivity.
3 Many active gullies with lots of bank

collapse and high connectivity.

Surface 1 Vegetation and/or stone cover of the soil is
cover (F)* very good (>75% of the soil is protected).
2 Moderate vegetation and/or stone cover
(25-75% of the soil is protected).
3 Little contact cover (<25% of the soil

surface is protected).

Lithology (L)" 1 High percentage of rock outerops.

2 Coarse colluvium (e.g. gravels).
3 Strongly weathered (loose) material and
marls.
Catchment 1 Elongated catchment shape with onggfhain

shape (S}b channel draining to the reservoir,

2 Catchment shape in between g,
shape and semi-circular cat
3 Semi circular catchment

reservoir,
Conservation 1
practice (P)° (>70% of
treated).

Arid climate with low annual rainfall

(Fournier index <75).

2 Semi-arid climate with storms of moderate
duration and intensity, (Foumnier index
between 75 and 150).

3 ‘Wet climate with relatively high annual

rainfall, concentrated in a few months

(Fournier index >150).

Climate (C)° 1

# Modified factors.
® Factors removed.
¢ Newly incorporated factors.

Part 11l - Current soil erosion models

PSIAC — Type (lumped model)

SSY =027Pt 9 (¥ =0.87)

For Ethiopia

Observed SSY (t ha' y1)

(PSIAC, 1968)
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Part 11l - Current soil erosion models

USLE -TYPE oo 1,200 WATER SOl EROSION Rk ASSESSHENT
many variant with respect the S 2
USLE model (Wishmeier 1978)

Where:

A [t ha-1yr-1]: the estimated average soil loss;

R [MJ mm ha-1h-1yr-1]: the rainfall-runoffer osivity factor;
[t h MJ-1mm-1]: the soil erodibility factor;

L [ ]: the slope length factor;

S [ ]: the slope steepness factor;

C [ ]: the cover-management factor;

P [ ]: the support practice factor..
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Part 11l - Current soil erosion modd's

Pesera - Type

—— Country Boundary

~——— Rivers (large)
[ Lake (large)
D Urban




Part 11l - Current soil erosion modeds

Shallow - landslides

Limit equilibrium -

Infinite slope model Potential sliding mass ~

i'Jr(cosz S —r)tang'

Fs = 7z

sin Bcos 3
where:

p=slope gradient (degrees)

¢’=internal friction angle(degrees)

¢’= soil cohesion+ roots strength (kPa)

y=soil unit weight (kN/m?

Z=depth of sliding surface (in m)

Zw = depth of water saturated horizon

I, = coefficient of interstitial pressure (adimensional)

981%z,
yZ

r

i

Bedrock stable mass

~

If Fs < 1.0 = unstable condition If Fs < 1.3 = stable condition

L. Borselli — Department of Primary Industries (DPI), Rutherglen, (Victoria , Australia) 24 Sept. 2009




3D - type Part 11l - Current soil erosion modds
LISEM

Basic processes incorporated-in‘the model are rainfall,

interception, surface storage in micro-depressions,

infiltration, vertical movement of water in the soil,

overland flow, channel flow (in man-made ditches),

_ : : detachment by rainfall and throughfall, transport capacity
http://www.itc.nl/lisem/ and detachment by overland flow ....

_'{ Display - e940902a.map
File Edit View Help

€340902a.map
170
LISEM - rainfall event 2.9.1994 160
150
Catchment area (ha): 33.41 140
Total rainfall (mm): 122.00 b
Total discharge (mm): 21.30 110
Total interception (mm): 0.17 100
Total infiltration (mm): 100.51 g0
Average surface storage (mm): 0.0 ?g
Water in runoff (mm): 0.0 &0
Mass balance error (water)(%): 0.00007 50
Total discharge (m3): 7119.49 40
Peak discharge (m3/s): 213 a0
Peak time (min):1499.69 128
Discharge/Rainfall (%): 17.4
Splash detachment (ton): 44.88
Flow detachment (land) (ton): 1634.63
Deposition (land) (ton): -215.28
Erosion channel/wheeltr. (ton): 0.0
Deposition channel/wht. (ton): 0.0

Total soil loss (ton): 1464.23
Average soil loss  (ton/ha): 43.82
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Eurosem - Type
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Part 11l - Current soil erosion modeds

EUROSEM2007 - laherrada_2_highCOH.txt : element10

120 T T T T 40
Rainfall rate (mm/h)

Water Discharge (m3/min)

€

= 80 E
= =
5 1 25 E
< s
g S
g 60 1 I 12 E
3 2
i T -
© B =
@

« 40 E
=

100 150 200 250

0

Time (min)

Event file: las_caras_sept97_dis2min.txg

EUROSEM2007 - laherrada_2_highCOH.txt : element10

{ 40 T T i " 35
., ; Water Discharge (m3/min)
£ o b Sediment Discharge (kg/min)
- T o y . o
e 2 e = 30 7 z
& EUROSEM2007 - Graphic Output Factory £ 15
2 25 g
SIMULATION RESULTS GRAPHS OPTIONS © 7 20 §
9 o
2nd series diagram ] lELEN!IEgTS LIST g 20 §
element Flane =] =
@ - a
I NDNE [] element? Plane § . 15 E
[] element3 Plane % H
=
Rainfall rat h [ elemertd Channel = 1 10 2
@ Gz T (ol [] elements Plane 10 @
. [] elementt Plane
Infiltrati k h
O Infiltration rate (mm/h) [] element? Plane 5 - 15
elementd Plane
© Runoff rate (mm/h} E elementd Plane
0 ! : 0
() Discharge {m3/min) element10 Channel 0 50 100 150 200 250
x=-33.1277 y= 46.3158 y2= 40,5263 i i Event file: las_caras_sept97_dis2min.txt
(+) Sed. Discharge (kg/min)
{1 Sed. Concentration {v,¥) ‘ T CREATE GRAPH

[I;[QIDSE ] ’ K cancel ] [%QK ]
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Part 11l - Current soil erosion modeds

Single erosion process models — implemented and integrated in many physically
based models (as LISEM, Erosion 3D , Eurosem ..)

critical
_ —catchment area

Field evidences of threshold
condition defined by
relationships :

critical gully cross
section

critical slope
gradient

After:
Vandekerckhove et al. (2000)
Bennet et al. (2000)
Nachtergaele et al. (2001)
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Part 11l - Current soil erosion mode's

Some general considerations on soil erosion models

1bility

jeled erosion and hydrological Processes

- Complexity to use
Reliability , calibration and validation

State of the Art and Future development of Erosion modelling in Italy and Europe



Part 11l - Current soil erosion mode's

' issue.....

Pesera

Psiac - Type

Shallow
landslides

50m 100m 500m
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Part IV - Possible Future Research Trends
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Erosion: Pesera

[ Rendina_basin
sedi_tot_100m
(t/halyr)

B o-os

B o05-1

[ 1,000000001 - 2
] 2.000000001 - 5
[ 5.000000001 - 10
I 10.00000001 - 20
I 20.00000001 - 50

I 50.00000001 - 186,7523499

Erosion: Pesera

[ Rendina_basin
sedi_tot_1000m
(t/halyr)

Il o-o5

I os-1

[ 1.000000001 -
[ 2.000000001 -
[ 5000000001 -
I 0.00000001 -
I 20.00000001 -

I 50.00000001 - 186,7523499

Part 1V - Possible Future Research Trends

Pesera model

15
Kilometers
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Part 1V - Possible Future Research Trends

Shallow landslides extension to PESERA
It is One of the CNR-IRPI Activities within
DESIRE project

Lavello

Probability of NON excedance Fs = 1.0
KZEA 0,0000 - 0,0050
I 0,0051 - 0,0100
N 0,0101 - 0,0200

0,0201 - 0,0300
I 0,0301 - 0,0400
[ 0,0401 - 0,0500

0,0501 - 0,1000

0,1001 - 0,1500
N 0,1501 - 0,2711

® Urban area

4
S Kilometers
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/Tfo,t_alf LANDSLIDE VOLUME fromares, givenan
average lanslide depth

E.G. [Mg/km2]




‘wheatered rind
ed from clay shales

parent material

Temporary accumulation
at the valley bottom
and subsequent mudflow

(computed average depth

erosion rate:
0.2-0.05 m/y)










equiv (Mg/halyr) SSY (M glkm"2

0.7 0.1 0.8000 1.5 1
| 0.04 1 0.0100 1.5 1

Fraction of
surface

affected by
landslide

Aveage
depth of
landslide

Average
Sediment
delivery
ratio from
landslide
bodies
(SDRL)

Density of
soil mass

Annual

frequency Specific
1 .. each year Net sediment
2 ... each 2 years erosion yield

0.5 two time volume

each year
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Part 1V - Possible Future Research Trends

Connectivity index model - IC
Borselli et al. (2008). Prolegomena to Sediment and flows connectivity in the landscape: a GIS and field numerical
- assessment . CATENA(elsevier)

Connectivity issue

UPSLOPE
COMPONENT

_-Reference element (point or cel
& (div Wi, Sl)

Main Objectives:

SDR (sediment delivery ratio) COWNSLODE
assessment COMPONENT

. . . . Permanent drainage line or local sink
Integration with Distributed (iverroad— lake— urban area)
models
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Part 1V - Possible Future Research Trends

Connectivity fluxes index

Bl cs-5
B c9- a5
B 44-4
[]a9-3s
[ ]34-2
[ ]1e-a5
[ ]14-05
[ ]-04s-0
I oo1-15
B s-:
-3

From Borselli et al. 2008

' i,

Fig. 4. a: Site 1—Area close to alocal sink at the bottom of a field: direct connection of rill system without detectable sedimentation. b: Site 1—Area close to a local sink at the bottom of
a field: direct connection of rill system and intense sedimentation. ¢: IC map of Site 1—deposition and connection areas are evidenced inside the circular areas.
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Local Average erosion rate... é\éﬁ:?i?oeutsice)zi-ment yield
Cl ic RUSLE3D :
e RUSLE3D corrected

according to Ic and SDR

SDR =SSY/A

Where: SSY is average annual sediment yield per unit area, and A is average
annual erosion over the same area.

Net erosion (SSY)
SDR = e

Gross erosion (A)

where SDR [0.0 - 1.0]



Part IV - Possible Future Research Trends

~Future trends....

Lumped models

Pesera

USLE-type ve nprovement it is needed

Physical base :3D and Eurosem Type: are useful tools for resea

e application in new design of soil conservation methods
A\Iso they are the best playground to test the integration of the single soil erosion
processes sub-model. Mass conservation Issue in some models

. basic research is still needed because
the within storm soil dynamics should be improved, and because rivers
Hydraulics laws can’t be more used for rills and overland flow...

(e.g. manning equation)

State of the Art and Future development of Erosion modelling in Italy and Europe



Part IV - Possible Future Research Trends

~ Model’s role and future trends in soil erosion
studies.

Great relevance:

Fundamental constraints (mass (and energy) conservation):
in some the checking is insufficient;
validation method it is not always reliable.

Basic research and knowledge ...

State of the Art and Future development of Erosion modelling in Italy and Europe



Many thanks for your attention!
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