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Soil erosion is widespread and severe In Italy. During recent decades,
new agricultural techniques accelerated erosion, while traditional soil
conservation measures were neglected, especially in hilly areas.

Research on soil erosion in Italy began in the late 1960s at a few experi-
mental centers that were not representative of the whole nation {(3). These
efforts remained isolated until the National Research Council (CNR)
started a 5-year project on soil conservation, which ended in June 1982.

The CNR project was developed along the lines of the universal soil loss
equation (USLE) (16). Erosivity, erodibility, slope-length, and crop fac-
tors were investigated,

Notable results of the soil conservation project (5) include the follow-
ing:

1. Italy has at least five climatic zones, from the Alps, where rainfall
mainly occurs in summer, to Sicily, where rainfall is unequally distribut.
ed during the winter.

2. Heavy rainstorms occur often, making any sort of mean unrepresen-
tative of the real situation (9).

3. Most of the total annual erosion occurs during a few rainstorms.

4. Because soil loss is concentrated within a few storms, sediment con-
tribution to the river system is often critical, affecting the infrastructure
of downstream towns and villages. .

5. The hazard of localized, severe loss of soil fertility Is high.

6. The USLE does not apply everywhere in Italy (4, 8).

Statistical models are not suitable because of the many climatic zones;
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Figure 1. Scheme of the model.

moreover, such models are unfeasible because of funding and orgal}iza-
tional limitations. D

A deterministic model could be more feasible, but recent research md.1~
cates that models based on erosion mechanics could be more useful in
forecasting soil loss (6). Whether statistical or deterministic ‘model.s are
used, equations are needed that can forecast erosion durmg' cntu;al
events. The soil conservation project sponsored a first study of soil erosion
mechanics with this aim in view (5). This paper discusses some early
results.

Conceptual model and mathematical layout

The model is based on the fact that runoff transports particles aqd ag-
gregates available to be transported. Therefore, transport capacity _of
cunoff is one of the main factors of erosion. The quantity of material
available is variable in space and time. It mainly depends upon the
balance between the amount of material detached by raindrop impact
and runoff shear strength and the transport capacity of runoff. . ‘

Figure 1 is a scheme of the model. It shows that the material available is
a balance between input (essentially, material detached by raindroPs and
runoff} and output (washed-off material). The amount of material al-
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ready detached decreases with time as runoff washes it away. It can affect
the beginning of the erosion-versus-time curve,

If dA/dt is the erosion rate, transport capacity is estimated through the
force of transport (F) and a is the material available (12), then
dA t) F 1
T ~e®FQ (1

where
aft) = F (ao(t), A(t), A (1), A1)

is the material available: ay(t) = material available since the beginning of
the event; A,(t) = material detached by raindrops; A,{t) = material de-

tached by runoff shear strength; A(t) = washed-away material; and
t = time.

Materials and methods

Laboratory experiments. The rainfall simulator is described elsewhere
({). Rainfall is produced by nozzles sprinkling downwards.

The s0il was collected from the plow layer. The methodology used to
prepare the samples for the tests is described in Torri and Sfalanga (11).
In short, air-dried material was sieved through a 4-mm net and then used
to prepare the surface of the soil samples.

The containers in which the soil material was settled were 50 em wide
and of variable length (47 to 200 cm) and slope (5 to 31 % ). The soil was
usually saturated by capillary rise for 48 hours before testing.

Field simulator experiments. The simulator {13) produces rain sprin-
kling upwards. The plots (24 mlong, 3 m wide) were prepared as for a
seedbed and wetted to bring the upper layer near saturation.

Field natural experiments. The field trials were carried out on two small
watersheds at Guiglia Experimental Center (Modena) in the north central

Table 1. Laboratory experiments.

Equation 2 Equation 3
Approzimate Experimental Degree Number Degree Number
Plan of Fitting of Data of Fitting of Data
3 svils x 3 intensities
x 4 slopes 0.980 41 0.944 56

8 soils x J intensities
(slope= j0%) 0.843 21 0.802 25
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Appennines (2). Each watershed was 1.5 ha and had a uniform slope of
about 13 percent and a length of 135 m along the maximum gradient line.
The watersheds were hydraulically isolated. Rainfall, runoff, and sedi-
ment rates were measured.

Each watershed was subdivided into four sections 33 m long by ditches
on the contour. Summer row crop and lucerne were cultivated alterna-
tively on the two units.

The data presented here correspond to rainfall, runoff, and soil losses
per event in the period when there wes no soil cover and the soil was tilled
{or seedbed preparation.

Results and discussion

Laboratory experiments. The laboratory experiments were planned to
control separately the mechanics of detachment caused by raindrop im-
pact, mechanics of detachment caused by runoff shear stress, and rela-
tionship between F and runoff discharge rate.

Soil containers 48 cm long with variable slopes were used to measure
splash and sheet erosion. (Shear stress was negligible.)

Complete results of this first stage of the research are described else-
where (12); only a surnmary is given here.

The results showed that detachment by raindrop impact can be ex-
pressed by the following equation (10):

(tny 4+ 4tne)
dA, _ T E@© _
dt B 1 +tnty ( Eo -1 [2)

where 8 = an empirical constant; tne = the initial slope of the trajectory of
the splashed particles (tng~exp (- Ds)); E = the kinetic energy of rain
per unit of surface and time; Eo = dissipated energy per unit of surface
and time (Eo= exp ( - Ds)); tny = slope of the plot; Ds = dry bulk density;
and t = time,

The data on sheet erosion illuminate the relationship between the force
F and the runoff discharge rate. If we suppose a constant in a certain
situation (constant rainfall rate and constant runoff rate), then equation 1
can be integrated with time as

A=cP [3]

where ¢ = constant and P = runoff momentum (F = dP/dt).

With formulas linking discharge rate and runoff speed, P can be evalu-
ated.

The formulas giving the estimator of P that was the best related to ero-
sion were derived from the Navier-Stokes equation (7, pp. 75-76). The
equation relating P and the runoff discharge rate (q) is as follows:
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( )m o J @2 dt sininy )

where: g= accelerltion of gravity; » = kinematic viscosity of the fluid;
w=width of the plot; ¢ = density of the fluid; v =slope angle; and
q = runoff discharge rate per unit of width.

The coefficient ¢ was shown to be dependent on (a) the amount () of
soil aggregates stable at 48 hours of saturation and passing through a 63 4
sieve and (b) on dry bulk density (D):

c~exp (¥/D)

The coefficient ¢ showed no significant variation due to changes in
rainfall intensities or plot slope. In this simplified situation, ¢ has a mean-
ing similar to that of the erodibility factor K of the USLE. It is in agree-
ment with the main subfactors determining K. This agreement is evident
in that c is partially determined by an index.depending on structural sta-
bility of the soil. K depends on particle size distribution and organic mat-
ter content (14), which are correlated to structural stability.

Equations 2 and 3 were calibrated on three soil types (Table 1).
Control tests were made on six other soil types in the same laboratory con-
ditions. These tests obtained fairly good results.
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Figure 2. Relationship between o and the shear stres.
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Table 2. Field experiments.

Approximate Experimental Number

Kind of Test Plan Degree of Fitting of Data
Field simulation 1 soil x 3 intensities x m* 0.837 (S. Benedetto) 9
replicates {seedbed condition 0.997 {Vicarello) 8
= length = 24 m} 0.775 (Albugnano) g
0.578 (Fagna II) 5
Natural plots 1 soil x ] slope x 1 length 0.820 (Guiglia) 20

(seedbed condition)

*m is a variable number.

In another-set of experiments, still in progress at the time of writing,
containers 2 m long are used in gathering information about shear stress.
Preliminary results are presented here for one of the soils that is highly
erodible by rills. Shear stress was estimated through the following equa-
tion derived from Landau and Lifchitz (7):

7= (0¥ (3v)V3sin?ly g¥13 [5]

Figure 2 shows the relationship between measured values of « {equa-
tion 1} and the calculated values of 7. The fairly good agreement seems to
indicate that equation 5 is a good estimator of shear stress, but it has not
yet been sufficiently tested.

Field experiments. The soil conservation project gave us an opportunity
to test the model with data collected in the field, using both simulated and
natural rains. Because the field experiments were planned before the
model was sketched, some field information necessary to control the mod-
el was not collected. Still, a comparison was made to see whether the
estimate of runoff force was related to erosion. The degree of fitting
varied by soil. One soil (Fagna II) was strongly affected by rill erosion at
the highest rain intensities, but its determination coefficient was low be-
cause the model is not yet sufficiently developed to describe rill erosion.

Another test was made using data collected in natural plots (2). The
model was tested for 20 winter rains (Table 2).

Conclusion

The model is based mainly on soil availability (a) and force of transport
of runoff (F). Availability is a balance between some subfactors, namely,
raindrop and runoff detachment rates and erosion rate. An estimator of F

was proposed and tested. It obtained satisfactory results, although further
tests are needed.

Raindrop detachment rate was mainly dependent on rain kinetic
energy and soil characteristics. Runoff detachment rate was proportional
to runoff shear stress. Both detachment rates need to be tested further,
especially that for runoff,

The balance between the factors has yet to be defined. Only some ex-
perimental evidence has been collected at present and elaboration is stilt
in progress.

The model has some weak points: (a) The force of transport -and the
shear stress are estimated through formulas derived in conditions of uni-
form flow at a steady state; (b) runoff characteristics strongly affect the
model. However, since the model is intended to forecast soil loss during
critical events, simplifications in forecasting runoff are to be expected.

The experimental results indicate that the main factors and subfactors
defining the USLE (namely, kinetic energy of rain, particle size distribu-
tion, and organic matter content) are strongly related to erosion as all of
them are implicitly or explicitly present in the model.

The model is far from operative but the results obtained so far indicate
that it shows promise for forecasting soil loss during critical events. This
kind of forecasting is of great importance in the Italian environment.
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