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Empirical approach: the USLE
Guerna river basin (Bergamo, Regione Lombardia funding )
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USLE- Universal Soil Loss Equation

o Empirical
o Agricoltural management 

(USA)
o Multiplicative
o Erosion limited
o Universal
o Standard

Wischmeier e Smith (1978, USA)
RUSLE: Reinard et al., 1991

Uniform slope
Slope 9%
Length 22,13 m
Bare soil
soil work along maximum depth

lines

Theory: empirical approach USLE-RUSLE



USLE- Universal Soil Loss Equation

o Empirical
o Agricoltural management 

(USA)
o Multiplicative
o Erosion limited
o Universal
o Standard

Wischmeier e Smith (1978, USA)
RUSLE: Reinard et al., 1991

A = R · K · LS · C · P
A soil erosion[t/ha·anno]
R climatic factor
K soil factor
LS topographic factor (RUSLE)
C vegetation factor
P agricoltural practices

Theory: empirical approach USLE-RUSLE



Digital
Elevation
Model
20x20m

Concentration
time

Springs:
Foppa peak1331 m a.s. l.
Junction:
River Oglio 195 m a.s.l.

Area(A) 30,9 km2

Main
course
length(L)

12,4 km

Average
elevation
( Hmedia)

451,9 m

GUERNA CREEK (BG)
Morphology
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Estimate of hillslope water erosion

[Moore e Burch 
(1986);
da Bosco e Oliveri 
(2007)]
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Estimate of hillslope water erosion

[Moore e Burch 
(1986);
da Bosco e Oliveri 
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Results for the lumped approach

R = 159,47  t/ha/k units

K = 0,10

LS = 20,70

P = 1

C =
0,030 (forest)
0,040 (meadow)
0,126 (vignard)

A = R · K · LS · C · P



Summary
R

[unità erosive]
K

[t/ha]
LS C P

A
[t/ha*anno]

Area boscata 159,47 0,1 20,70 0,030 1 9,90
Prato e pascolo 159,47 0,1 20,70 0,040 1 13,21
Vigneto inerbito 159,47 0,1 20,70 0,126 1 41,60

High soil erosion (threshold value 12,5 t/ha · anno)

Very high slopes in some cells
USLE was derived for crop land (slope < 20 %)
“vignard” on terrace slopes
high rainfall effect even if R is underestimated



RUSLE: distributed approach
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class C [-] P [-]

Bare areas 0,36 1

Crop trees 0,37 0,45

urban
areas 0,003 1

Crop areas 0,45 1

Meadows
and natural
vegetation

0,07 1

forest 0,002 1



• Yearly average specific
sediment yield: 94,35 t/(ha·year)

• Yearly average sediment yield:
206881,35 t/year

RUSLE: distributed approach results



sez. 85

sez.
61

sez.
38

sez. 17

sez. 1

section A
[Km2] Tc [h] Qc,100

[m3/s]

85 2,1 0,58 15,4

61 2,9 0,62 19,4

38 2,3 0,62 16,6

17 2,5 0,76 17,4

1 21,1 1,85 82,7

HEC-RAS hydraulic model

Regional estimate of peak discharge
for unmonitored basins



Laboratory analysis (0,075÷75mm):4 particle size distributions i:

1st simulation: subsurface layer (finer size)
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2nd simulation: surface layer(coarser size)

HEC-RAS hydraulic model

downstream reach upstream reach



• Hp: sediment yield by the hillslopes enters the river

• RUSLE
• MUSLE

Yearly average soil erosion

sez. 85

sez.
61

sez.
38

sez. 17

85 A=9684,3t/y A100=8,1t/day

61 A=6334,7t/y A100=7,2t/day

38 A=4269,7t/y A100=4,1t/day

17
A=55962,3t/y

A100=62,7t/day

Area tot A=206881,4t/y A100=2186,4t/day

100- year return period event:

HEC-RAS hydraulic model
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Sezione [ ]

Produzione di sedimenti in alveo al termine della simulazione

Alveo a granulometria fine

Alveo a granulometria
grossolana

Quota geodetica

The highest sediment yield is at section 42: 265t with fine bed, 
287,2t with coarse bed

Results: sediment yield at the end of the event



• Empirical approach (RUSLE) to estimate the average yearly soil erosion
(20681,4t/y).

• Empirical approach (MUSLE) for the analysis of the 100-year return period
flood event (2186,4t/day).

• HEC-RAS hydraulic model to estimate flow transport capacity (maximum
4167,6t/day) and sediment yield along the river network(maximum value at 
the end of the event 287,2t)

FUTURE task:

• Find the meteorological event for which the coarse size surface layer could be
removed

Summary



Physically based approach: WEPP
Sellero case study
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Wildfire on
4th April 1997
total burnt surface
911.38 ha
forest: 523.68 ha

Start of
the fire
TESE

SELLERO
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WEPP
(Water Erosion Prediction
Project)
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Forest management plan:
vegetation economic classes

ECONOMIC class U:
Recovering(mainly
chestnut)
Recovering tall
trees (mainly larches)



chestnut

larches



Valle Allione
forest service 
has performed
some restoring

operations



1) Climate:
• Temperature and precipitation observations

at EDOLO IPSA MENEGHETTI, 1998-2009 

2) Soil

3) Vegetation scenario



Soil: particle size distribution

Sample 1

Sample 2

Sample 3



SOIL
USDA classes

name gravel humus
SAND (%) SILT (%) CLAY (%)

sample1 63.77 28.71 7.53 sandy loam 55.52 5.04

sample 2 59.93 34.62 5.45 sandy loam 27.17 16.33

sample 3 54.15 37.71 8.13 sandy loam 42.79 2.20

average 59.28 33.68 7.04 sandy loam 41.83 7.86

Forest mangement plan:

• Depth: 200 mm (shallow)

• Geology:
shale (chestnut)
sandstone (larch) 

Previous field analysis:
• hydraulic conductivity: 10 
mm/h

Empirical laws (WEPP):
•Rill Erodibility
•Interril Erodibility
•Critical Shear
•ecc.



SIMULATED VEGETATION SCENARIOS

PARCEL 18 CHESTNUT  
(average slope 60% )
Geology: SHALE

PARCEL 22 LARCH 
(average slope 100%)
Geology: SANDSTONE



FOREST DISTURBED WEPP SELLERO

HIGH INTENSITY 
WILDFIRE (1998): 

a) parcel 18 (chestnut)
b) parcel 22 (larch)

YEARS AFTER 
THE
WILDFIRE

VEGETATION SCENARIOS

0(1998) High severity fire 

1 (1999) Low severity fire 

2(2000) Short grass

3(2001) Tall grass

4(2002) Shrub

5 -15 years
(2003-2009) Five years old forest

>15 years Twenty years old forest

OLD FOREST (1998-
2009):

a) parcel 18 chestnut)
b) parcel 22 (larch)

YOUNG FOREST (2003-
2009): parcel 18 (chestnut)

SIMULATED VEGETATION SCENARIOS



Post-fire
vegetation:

pioneer species
shrubs (betulla,
pioppo tremulo, 
salicone, etc.)



VEGETATION
SCENARIOS year

Yearly
precipitation

(mm)

Yearly
runoff
(mm)

Yearly
average soil
erosion
(kg/m2)

Yearly
average
sediment
yield (t/ha)

High intensity
wildfire 1998 890.4 222.37 149.92 1389.34

Low intensity
wildfire 1999 951.6 219.36 51.53 484.98

Short grass 2000 1547.6 648.12 62.90 563.47

Tall grass 2001 930.3 145.89 24.06 183.58

shrub 2002 1143.2 276.26 6.94 63.71

Young forest 2003 2009 773.61 52.30 1.69 16.48

Old forest 1998 2009 903.3 121.66 1.38 13.51

FOREST DISTURBED WEPP
• Parcel 18
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VEGETATION
SCENARIOS

year
Yearly

precipitation
(mm)

Yearly
runoff
(mm)

Yearly
average soil
erosion
(kg/m2)

Yearly
average
sediment
yield (t/ha)

High intensity
wildfire 2002 1143.2 412.02 291.449 2612.098

Low intensity
wildfire 2002 1143.2 388.39 99.87 848.566

Short grass 2002 1143.2 353 42.837 384.424

Tall grass 2002 1143.2 319.22 17.596 164.094

shrub 2002 1143.2 276.26 6.936 63.713
Young forest 2002 1143.2 270.21 3.007 30.074

Old forest 2002 1143.2 267.64 1.596 15.964

R
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E
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O
S
I
O
N

Vegetation
scenario testing: 
2002



High severity fire
CHESTNUT
(parcel 18)

LARCH
(parcel 22)

Slope (%) 60 100

length (m) 390 270

geology SHALE SANDSTONE

parcel year
Yearly

precipitation
(mm)

Yearly
runoff
(mm)

Yearly average
soil erosion
(kg/m2)

Yearly average
sediment yield

(t/ha)

chestnut (18) 1998 890.4 222.37 149.921 1389.342

larch (22) 1998 890.4 125.13 86.636 831.038



Sellero case study summary
After the wild fire the sediment yield increased
but the effect is smoothing in time.
• WEPP simulations allowed an estimate of the 

time needed by the vegetation to recovery
Soil erosion in influenced both by vegetation
recovery and spatial and temporal rainfall
distribution

Limits:
Management operations are not easy to account 
for
Too many parameters
Rainfall partitioning not reliable with steep
slopes



Conclusions

USLE approach can help in estimating the 
order of magnitude of the sediment yield
WEPP can deal with landuse change and 
support recovery evaluation
In both cases the parameters’ setting has
to be tested through field and laboratory
analysis
The effect of steep slopes both on rainfall
partitioning and sediment yield has to be
taken into account in more detail

34



Purposes

Evaluation of sediment yield
Clues on sediment yield change and 
runoff production change after wildfire
Analysis of vegetation recovery
Physical approach
Empirical approach

35



Theory: hillslope
water erosion

Detachment and transport of soil particles
Energy factors (rainfall, runoff)
Resistence factors (soil characteristics)
Man-induced factors (landuse, agricoltural practices)



Theory: hillslope
water erosion

Detachment and transport of soil particles
Energy factors (rainfall, runoff)
Resistence factors (soil characteristics)
Man-induced factors (landuse, agricoltural practices)

INTERILL EROSION 
(rainfall and overland
flow)



Theory: hillslope
water erosion

Detachment and transport of soil particles
Energy factors (rainfall, runoff)
Resistence factors (soil characteristics)
Man-induced factors (landuse, agricoltural practices)

INTERILL EROSION 
(rainfall and overland
flow)

RILL
EROSION(overland
flow)



Theory: hillslope
water erosion

Detachment and transport of soil particles
Energy factors (rainfall, runoff)
Resistence factors (soil characteristics)
Man-induced factors (landuse, agricoltural practices)

INTERILL EROSION 
(rainfall and overland
flow)

RILL
EROSION(overland
flow)

GULLY EROSION
(deepening of rills)



R - Guerna watershed

Zanchi and Torri
Anno R
2004 174,61
2005 150,69
2006 88,74
2007 148,35
2008 155,24
2009 177,18
2010 221,49

Complessivo 159,47

Sarnico

30 minutes maximum rainfall intensity

Hourly maximum intensity

Sarnico (2004 – 2010)



K – Soil factor

Is a measure of the soil erodibility

fine particles (0,002 – 0,1 mm)
coarse particles (0,1 – 2 mm)
humus
Structure
Permeability

10 %

K = 0,1

10 %



Topographic factor LS

Hillslope length and slope

• s < 1% m = 0,2
• 1 < s < 3% m = 0,3
• 3 < s < 5% m = 0,4
• s > 5% m = 0,5

s = slope[%]



C – vegetation factor

crop type
crop cycle
growing time
crop practices

Non agricoltural areas:

tree height
vegetation cover
recovery from previous land use



C – vegetation factor

Main landuses:

forest
lawn
vignard

C
Area boscata 0,030
Prato e pascolo 0,040
Vigneto inerbito 0,126



P – agricoltural practices

Influence of agricoltural practices on soil erosion

If no measure was taken
P = 1

Values depend on slope and practice



LS factor
GIS (Geographical Information System)

76˙488 cells (20 x 20 m)
12 slope classes
slopes higher than100% removed



LS factor
GIS (Geographical Information System)

Pendenza
media

(100%=45°)
[%]

Pendenz
amedia
[rad]

Pendenz
amedia

[°]

Num.
Parcelle

Percentu
ale area
[%]

S L

0 19 9,5 0,0947 5,43 6390 8,35 1,08 0,95
19 39 29 0,2823 16,17 13864 18,13 6,85 0,95
39 58 48,5 0,4516 25,87 25314 33,10 17,56 0,95
58 77 67,5 0,5937 34,02 25564 33,42 32,75 0,95
77 96 86,5 0,7131 40,86 5356 7,00 52,64 0,95

50,72 0,46 26,18 76488 100,00 21,78 0,95

Intervallo
pendenza [%]

Totale
20,70



HEC-RAS hydraulic model

• Main course length: 9,6 Km

• Roughness n=0,07-0,05 s/m1/3

• Solid discharge, Meyer-Peter Muller :

sez. 85

sez.
61

sez.
38

sez. 17

sez. 1
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Sezione [ ]

Alveo a granulometria fine

The highest
transport capacity
at section 42: 
4167,6t/day

The highest
transport capacity
at section 42: 
3812,3t/day

Results: flow transport capacity

Coarse size Fine size



RESIDUE

SELLERO

initial rill
cover

initial
interrill
cover

% %
High intensity

wildfire
45 45

Young forest 100 100

Old forest 100 100

% surface covered
by residue (leaves, 
etc)



RESIDUE

PARCEL 18 % COVER years
Yearly

precipitatio
n (mm)

Yearly
runoff
(mm)

Yearly
average
soil

erosion
(kg/m2)

Yearly
average
sedimen
t yield
(t/ha)

High intensity wildfire
WEPP 25 1(1998) 890.4 222.37 149.92 1389.342

High intensity wildfire
Sellero 45 1 (1998) 890.4 218.91 114.93 1050.08

PARCEL 18 % COVER years
Yearly

precipitatio
n (mm)

Yearly
runoff
(mm)

Yearly
average
soil

erosion
(kg/m2)

Yearly
average
sedimen
t yield
(t/ha)

Young forest WEPP 20 7
(2003 2009) 773.61 56.34 1.967 19.156

Young forest
Sellero 100 7

(2003 2009) 773.61 45.97 1.152 11.243


