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Introduction

The urderstanding of the basic factors involved in the erosion process
is a first step townrds the evaluation of control measurus for soil erosion
cansed by rainfall.

The overall process can be subdivided into two main processes: detachment
of soil particles ard aggregates from the soil mass, and their transport.

Detachment is mainly due to raindrop impacts (Ellison, 1947) and runoff
shear stress.

Transport is mainly due to superficial runoff; subsurface flow and rairdrop

impact also contribute.

Splash erosion

The impact of a falling drop is characterized by the mass and velocity of
the drop. When &.- drop hits the soil surface it releases its momentum as an
impulse force. The mamentum is partially reflected and partially used to detach
ard move soil particles, :.md to compact the soil surface.

Gompaction.

The compaction usially determines the formation of a thin soil crust and a
L}
decrease am the soil surface porosity as soil pores are clogeed by the impact

force and by the fine particles that infill the pores {Young,1972).

De:tachmoent.

Resistence to datachment deperds on the soil types: medium and coarse
particles are more easily detached than clay particles (Farmer, 1973). In fact,
the detaching force must overcame adhesive and chemical bonds which link particles
together (Yariv, 1976}. Those forces are obviuosly stronger among clay particles

while their cross sections are smaller so that clay parlicles are more resistent.

Jaardfz fa '
The effectiveness all the impact force chanyves ¥ Lhe thickness of the

Falmer (1964) showed that rainsplash increascs
c ot "

as lhe water thickness InNCreases. when the waters il is as thick as e 10-20%

waler film covering the soil surface.

of the drop diameter the splash is more effective, then it decercases probably

because the force is dlsper‘sed in the waler (muchier and Young, 1975).

Transport

T‘he. net downward movement of the splashed parti icles depernds on the kinetic
energy of the drops and on the slope of the soil surface {Torri and 5falanga,
1882} .

The effect of the splash as a transport agent is negligible in camparison

win\. runoff 0.1 +0.2% of the total erosion on a 19% slope on a sandy soil in

mid-Bedfordshire over 900 day period (Morgan, 1977). The relative importance
;)i" this kind of soil transport is due Lo the interaction with rills, as shown
by Young and Wicrsma {1973). The balance between particles jumping in and out
of a rill is in Tavour of the jumping im; consequentely the amount of soil

transported in rills is enrcached by splash.

Drop velocity and rairdrop size distribution

As we said in the previous paragraphs velncity_emd size of the rairdrops
are the chr-;r-acteristics which affect detachment and transport.

The {all vélucity of a drop depends on the drop size. Data collected by
Laws (1941-1‘) and confirmed by Gunn and Kinzer (1949) are shown in Fig.1l. These
velocilies were measured in the laboratory (slagnant air). They are attcined
after a critical fall length which is of c¢.20m for the biggesi drops (5-6mm
"in dianetler).

During rainfall wind usually blaws, aifectine yeinirop velocily hoﬂl
in direction and intensity {Tor‘;*j,lg?g). Thuse ajffcfruxxces affect soil delaciment

as shown by Lyles (1977),
Natral jains are characterized by distrabnsrons of divps of diffwsent
sizes, Drop size distributions chasge with rain intensity and type of stwm,

In Fig.2 data collucled by Laws and Parsons (19431 show the dupendence of
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raindrop distribution e rain intensity. Othor rescarchiors (Hudson, 1963;
Carter et al., 1974; Huamerin, 19805 Zanchi amd Torri, J980) working in diﬁ'cr(-m
lacations found out dlffr-r'.ent relationships botween raindrup size dis—;tr;ibtltion
aret rain intensity. An exammle is shown in Figl, 2.

Tomperature too could affect raindrop size distribution as shown by Zanchi

and Torri (1980}.

Hillslope hvdrology

Le
The water supplied by rain cannr‘oughly subdivided into infiltration water

and overland flow.

The term 'infiltration' means the process of water enter‘ing the soil {(Gerrard,
1981, p.17). A typical ini'iltration curve is drawn in Fig.3. Many are the equations
describing infiltration. Among those only two are shown here:

. ., -kt
a) Horton's (1945); i(t) =i + (i - 1i)e
C 0 C

b} Philip's (1957-8): i(t) =a + bt o>

where: ift) = infiltration rate ai t;

t = time;

iC = final Qaluv of the infiltr, rate;

:io = initial value of the infitf'. rate;
\ a = constant ‘o) hydraulic conductivity

at the surface for t=0);

E. . .
b = a sorpivity value (fran the rate of
penetration at the wetting front);

Kk = cunstant depending on the soil.
Both the equations are not satisfactory. Eqnfa) undcrestimates the first part

of the infiltration curve (twa0) while Egn (b) overestimates it. Tn any case, both

b
the egns do not take into account the variation of the pore geometry which may
occurg durang the time (.L'Spt‘(‘ial ly i the mnjt 1—‘-up(*r1'“i.cli,n] layer). Data collectod
by Roy and Ghosh (1982} during a 213 days long ficld irial show that infiltration
pale values oscillate. They recorded 12 minima, while the lower value atteined
was ¢. 0.5 m/day and the maximm c. 6 m/day.
Two are the situations which may occur during rain:
3- i) I(t) { 1(t) = rain intensity)
2- i) LIit)
iIn case 1 all rain infiltrates and the actual value of i(t) is I(t). In case 2
the‘depr\:-ssions, whigh are present on the slope, are filled with water and
overland flow eventually occurs This kirnd of averland {low is called 'hortonian'
after Horton (1945).
Infiltrated water, sich moves through the soil layers, originates a downslope
movement (Pm.:gxf‘low) vhich may saturate the upper soil layer. ln this case a sa-
turated overland Tlow ocours.

In Fig.4 all the situations sketched ip this paragraph are shown.

Overland flow, rill and gully erosion

Runoff is both a detaching and trameport agent. It acis through ‘the force
that the fluid, during its movememnt, exerts over the particles and aggregates.
1ts effects can be subdivided into sheet and channelled ercsion. The latter
js further subdivided inio rill (ephemeral feature, easily obliterdble}.and
gully (relatively permanent waler courses) erosion.

The force due to runoff deperdds on the velocity (v) and thickness (h)
of the water {ilm. The dependence betlween v wnd b s as follows:

b c

h's
n s where: n o= superficial raugness;

A

bt oapnenus;

= wlope.
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Kavier-Siokes equations, Manning eguation, and the data collected by Savat {1977)
clearly show that the exponents b ard ¢ range respec! éycly between 2+2/3 ard
1:0.4 as turbolerce increases. ‘

The force required to detach particles is greater than the onc required Lo
transport particles and ithe minimum of force needed for both transport and detach-
ment depends on the size of the particles.(see Fig.5).

Subsurface flow transports colleids and minerals in sclution (Roose, 1970).
When this flow is concentrated in tunrmels it could cause a tunnel collapse and
the Tormation of a gully (Buckham and Cockfield, 1950). Moreover the subsurface
flow may burst aut on the surface when the soil layers are saturated - it
cbviously may occur near the bottam of a slope. In this case it could cause
.t.he beginning of a rill which may extend upslope (Morgan, 1977; Sfalanga and
Torri, unpublished laboratery data).

Rills may be determined by other reasof'é::s, for example, microconcavity
at the soil surface, tractor wheels tracks, and all the other factors which
may delermine a local accumulation of the overland flow.

Rills are usually ocbliterated by nomal managemeni operations.

The relative importance of rill and sheet erosion can be exemplified
by Lhe data reported by Morgan {1977): 97.8% due to rill ard 2% due to sheel
erosjon on a sandy soil.

Gullies are often associated with accelerated erosion and slope instability.

Gullies are not simply enlarged rills. Suame of them develop fram small
depressions due to localized weakening of the vegetation cover. Waler corcentra-
tes in those depressions deépening them. When same of them coalesce ingipient
charmels are Tormed. Mear wvertical scarps develop and the headout retreats
upslupe because of erosion (0lege, 1972). - ’

Foljcmdng De Floey (1974-1] gullies can bx subdivided inLo : axial oully
{=ingle headout moving upslope by surface erosion, mainly in gravelly deposiis),
digitate gully {several headcools moving following the tributary deprvssions,

aaitty in clay lewns), and Dontal puily  Gavsacinted with twned collapse

s

or piping, mainly in loamy sands with columnar structure}.

Modelling erosion considering erosion mechanics.

Modeling soil ercsion is not simple because all the erosion agents usually
act all together and , especially during heavy stofms, they act in all the
possible way.

Rill and sheet erosion are the mo_d; carmmen forms of erosion. A model taking

them both inte account should be divided into two camponents:

dA/dt = 5 + R

where dA/dt = erosion per unit of time and surface;
5 = sheet camporent;

R rill camponent.

1

Both the component should take into account the force of transport and
: ¢ Joflowun
the force of detachment together with the reaction of the soil. M 4

equation am,ighl' xesulb:
3z ks ( Dy - Dso) li
Z K+ { Fd i %o) i

N

u

where: K_ = sheet erodibility;
Kr' = rill erodibility;
DS = rairdrop detachment force;
Fd = nmd‘i#ietac}ment force;
DSD= minimmum of D5t0 detach;
Fd0= minimm of Fd to detach;
Fs = sheet flow force of transport;
F = rill force of transport.
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