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...Influence of Connectivity on sediment yield
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The PESERA-L
model

shallow landslides
(mudflow, flow slides,
Slumps)

can contribute
significantly to
sediments yield in a
watershed (Maquarie and
Malet, 2006)

PESERA-L has ben developed as an additional component to
PESERA model

OAssessment of fraction of unstable area inside a land unit (LU)
dAssessment of sediment delivery mass from landslide area to the
nearest relevant sink (permanent drainage network , river, road ....).
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The concept of CONNECTIVITY has several-
application in the context of soil erosion and

conservation models: the flow connectivity
approach (FCA).

“Hydrological connectivity is a term often used to describe the internal
linkages between runoff and sediment sources in upper parts of
catchments and the corresponding sinks “(Croke et al., 2005).

SOURCE

PESERA-L model uses the FCA approach for
the assessment of sediment yield (SY) direct contribution
from shallow Landslides
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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)
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= length of cell i along the downslope path (in m)
= Weighting factor of cell i along the downslope path (adimensiogal)
= slope gradient of cell i along the downslope path (m/m)

UPSLOPE
Component

= average Weigthing factor of the upslope contributing area
(adimensional);

= average slope gradient of the upslope contributing area (m/m)

= upslope contributing area (m?)

For shallow mass movements
It iIs important mainly the DOWNSLOPE component
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First requirement...for SSY from landslides
Probable LANDSLIDE DISTRIBUTION, DEPTH
AND VOLUMES....

Possible approach.

Application a distributed slope stability model
Es. Sinmap, Shalstab (GIS) or an alternative
stochastic model (montecarlo method) applied
various land unit and thus toan entire
watershed

So We are using:

Montecarlo method (stochastic component)
with a series of variant adapting It to particular
PESERA model stochastic approach.
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Limit equilibrium - Infinite slope model required

to define (stabel unstable condition

Potential sliding mass

where: G i

B= slope gradient (degrees) SENEEH HE

¢’= internal friction angle(degrees) S M

¢’= soil choesion+ roots strength (kPa) A
v= soil unit weigth (KN/m?)

Z= depth of sliding surface (in m)

Zw = depth of water saturated horizon

r, = coefficient of interstitial pressure (adimensional)

Bedrock stable mass

If Fs < 1.0 = unstable condition
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Limit equilibrium - Infinite slope model

‘Planar uniform slope (suitable for distributed

Debris/soil over stable bedrock

*Translational landslides (failure surface parallel to slope)
‘Possibility of application in GIS systems (e.g. SHALSTAB,SINMAP)
*Trigger conditions for debris flow and mud slide (Iverson, 2000)

*Easy to implements in spreadsheets and programs and GIS

-Easy and fast computation

*Easy to transform in stochastic sense with no loss of his physical
significance

-Static approach (e.g. fixed depth of saturated horizon)

It Need to iterate the computation for several conditions:
(infiltration/rainfall, Z, Zw..), soil properties variability and local
gradient S of the slope
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Limit equilibrium method, Infinite slope model, 03/

~____and Monte Carlo Method (Capra and Borselli

e.g. Random variables
uniformly distibuted

Between lower and upper bounds:

10% ¢' < 14°

2<CH

Local variability of soil properties
Local variability of slopes
Saturated depth

Slope spectrum parameters

2.64

To assign to each
1043 | o075 .

Soil and hdrologic parameters Land unit

0
38.3087

The safety factor Fs may be
Considered as a random variable
It accounts for local
Variability of the input

Parameters...

SLOPE SPECTRUM

T~
P

o o
o O

FREQUENCY

\
\
N

0 10 20 30 40 50

o
o

g )
\\

o

The slope gradient instead
Modelised by beta distribution

SLOPE GRADIENT (°)




0.014,

0.012¢

0.010

0.008

Pr(S]

0.006}

0.004

0.002

. 0O 01 02 03 04 S‘O.S 06 07 08 09 1

Figure 1. Slope frequency distributions (fraction Pr[S] of
landscape at given slope S) from previous studies (each
normalized by its maximum slope). 1—Himalayan fore-
land basin (Burbank, 1992); 2—Himalayan fold-and-thrust
belt (Burbank, 1992); 3—model (Densmore et al., 1998);
4—Higashikubiki—intrusive rock (lwahashi et al., 2001);
5—Higashikubiki—volcanic rock (lwahashi et al., 2001);
6—Oregon Coast Range—convex and planar hillslopes
(Roering et al., 1999).

the frequency
distribution
of slope gradient

(slope spectrum)

Is fundamental

to describe

the topographic
factor for landslide
susceptibility
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Example of slope spectrum
(Oregon-USA) and
Relationship with

relief ‘s denudation rate
(Wolinsky et al. 2005)
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Average slope gradient
and skewness of slope
Frequency distribution
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Legend

1 Loess meadow-hasin

2 Loess-low-hill

3 Loess deep incision gorge-hill
- 5 Loess hill-ridge

4 Loess ndge-low-mountain

; 6 Loess Yuan-ndge i High
7 Loess Yuan

B 8 Loess middle-low mountain

levation

100 50 0

100 km

Figure 6 Slope spectrum based landform classification in northem Shaanxi.

the spectrum extracted in northern Shaanxi.
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SLOPE SPECTRUM

Beta distribution PDF
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Slope angle (b) (degrees)

1-exponential type (positive skewenss) (flat areas)
2 —right tailed (positive skewness) — (rolling topography- water erosion)
3 — left tailed (negative skewness) — (landslide areas — badlands)
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Limit equilibrium method, Infinite slope model,
and Monte Carlo Method - QUTPUT

Local variability of soil properties

Local variability of slopes

Groundwater depth
0

38.3087
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e.g. 9% of aspecific land unit has FS<1.0 (unstable when
condition of soil profile is fully saturated)
Using the slope spectrum of Land Unit (LU) the % where

Fs is <1.0 represents the potential fraction (V) of total
area in the LU affected by landSlides
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Sensitivity to
Desertification

" Rendina
study site

e

Index of sensitivity to desertification (SDI), 2008 Euro pean

[T < 1.2 Non affected areas or very low sensitive areas to desertification Environment
[] 1.2-1.3 Low sensitive areas to desertification Agency (EEA)
D 1.3 - 1.4 Medium sensitive areas to desertification (2 O O 9)

1 1.4 - 1.6 Sensitive areas to desertification
- > 1.6 Very sensitive areas to desertification
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Rendina basin(Basilicata, Italy)
Average rainfall 550 mm/yr

Borselli et al. “
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12 Kilometers

Soil Map B Euvic Cambisol
leg_pesera B F'uviEutric Cambisol
. Ando-Dystric Cambisol - Luvic Kastanozem

I calcaric Cambisol B v Pracozem
I calcaro-Pelic Vertisol B ~evic vertisol
Calcic Cambisol I verti-Haplic Phaeozem
Calcic Kastanozem | VertiLuvic Phaeozem

D Rendina Basin Boundary

Recent burned area (dark upper part of the slope)close to the Rendina reservorr (sept. 2008)

DEIS'RIE

A global Initiative to combat desertification
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Monitoring sites Land use
» June 2007 s Water bodies
« February 2008  [—)Vineyards
» July 2008 mm Urban fabric ’
« February 2009 ) Permanently irrigated land
= April 2009 1 Non-irrigated fruit frees and berry plantations
o July 2009 1 Non-irrigated arable land
& Periodic Survey g Non-irrigated Olive groves
1 Land occupied by agriculture with significant areas of natural vegetation
[ lrrigated Olive groves
mm Forests
mm Complex cultivation patterns
[ | Arable land

PESERA-L, the shallow landslides contribution™®

Basiliata region): whe
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initiat ibat desertification

Shallow landslides
(soil slip and combined
gully erosion) at Rendina site
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Example of slope spectrums from different LU s (soil units + land use: arable land -cereals)
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DESIRE project — Rendina Dam catchment (italy) - PERSERA-L
100X-100 pixel — probability of soll slip (condition water saturated soil profile)

prob_insta_Grid 100m
[10-0,005
. 0,005 - 0,01
N 0,01-0,02
[1002-0,03
N 0,03 - 0.04
N 0,04 -0,05
[1005-01
N 0,1-0,15
I 0,15 - 0,271100014
® Urban area
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How to obtain LANDLISDE VOLUME from area and

average depth of landslides
IT APPLIES AT SHALLOW

LANDSLIDE ONLY..

TOTAL MASS THAT CAN BE
MOBILIZED FOR SPECIFIC

@ SURFACE IN A WATERSHED
@ @ E.G. [Mg/km2] or [Mg/ ha]

vy = fraction of areas with landslide .. Eg. 0.0S
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The Sediment delivery ratio from landslides SDRL
And How to-obtatin SSY ..

here

=net eroded Volume (m3)

= area of HLU (km?2)

D= average depth of landslides (m)

Y=fraction of area potentially unstable (-)

SDR, = sediment delivery ratio from landslides (-)

¥.=soil unit weight (Mg/m3)
4, = annual frequency (yr)
SSY= specific sediment yield from hillslope [Mg/halyr]

V =10°A D ¥ SDR,

[Mg ha*yr]

“ Contribute from

‘acrea(lms?) A Foom) Y soRL Ngamma(gmaz) N years) ™ volume(m"3) Y equiv (T/hary) *|landslide to net
| soil erosion rate

I". 0.7000
| 0.0100
1

Average
Sediment
delivery ratio
from landslide
bodies (SDRL)

0.5 two time
each year
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.~>ediment delivery ratio for landslides: SDRL

The same definition of SDR can be applied also to
shallow landslides contribution because only a
fraction of landslide volume can contribute to

sediment yield...but we have to consider landslide
mobllity.

USUALLY SDRL SHOULD BE LOW ... BUT IN

EXTREME CONDITION IT IS VERY HIGH (sbrL >
0.5)

(e.g. calanchi badland areas in humid or sub humid environments)



Exponential distribution Where:
model for sediment delivery

Derived by Ddn= D | :
Miller and Burnett (2008) dn= Downslope routing

weigthed distance (m)
(downslope component IC model Borselli et al. 2008)

Lr = landslide average runout (m)

Landslide body or mass

toe
an
- =
/” \\\
’ \
\
/’ Local sink, permanent
e y drainage network
~ ”
~ 5 L _ - -

Current form used
in model PESERA-L
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probabilistic model of landslides and debris flow delivery to stream channels
(' Miller & Burnett, 2008)

1,0 5
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Exponential probability distribution function
Depends from the average runout length Lr (measured)
and the local site Dy, distance to a sink




probabilistic model of landslides and debris flow delivery to stream channels
( Miller & Burnett, 2008)
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Average runout 50 m (lambda 0.02)

Downslope component of IC index



Rendina log(Dw)
Res 100X100
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Logarithm of weigthed downslope distance DW (e.g. 1=10 m ;
2=100m; 3=1000m ... ) The RED pixels are most relevant for our
application
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SDRL - Scenario average runout length LR=50m (pixel 100x100)

Lavello

Rendina SDRL
Res 100X100

o S.Gervasio
L ]

-

® Urban area
sdrl
Value

P High : 1

I | DIES I RE.

3 4 A global initiative to combat desertification

RO Kilometers
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Erosion rate Mg/hal/yr Scenario runout length LR=50m (pixel 100x100)
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Landslides at rendina site -2
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Mass

movement
type % A ,
Flow slide  Shallow Shallow _
mudflow Translational Rotational Creeping
0.1 1.0 2.0 S 10
Badland '
Claayaé%asle rolllng U2 el Rolling to flat
Land units Deposits Medium _steepne_ss topography
landforms High drainage and medium drainage
(density density

Landslides mobility parameter

And the possible dependence from Processes and landforms
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To do list... For final PESERA- L _distribution (freeware)

* A Guide to soil geotechnical parameters*

Guide and Atlas of slope spectrum and procedure to
select alpha and beta values for land units*

A Guide and atlas to select and or /calculus of
LANDLSIDE MOBILITY PARAMETERS *

Additional testing phase

‘user manual editing

*In progress
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PESERA-L
Is developed ysing
OPEN Source platforms

Release(1.0- 2010)

It is still in testing phase

RUN SIMULATION

specific sediment yield due to landslides only

. AT
4.54e+006 —

4.535e+006

Erosion rate Mg/ha

4.53e+006

GNUPLOT rendering engine
To plot input and output map

Input/ output are ArcGIS compatibles
VVVUUU 560000 565000 570000 575000 580000
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Many thanks for Your Attention !
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