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The urvlerstanding of the basic factors involved in the crosion process
is o first step towmnds the evaluation of control measures for soil erosion
cansd by rainfall.

The overall process can be subdivided into two main processes: detactment
of s0il particles and agg—vgates from the soil mass, and their transport.

Iwtachment is mainly due to rairdrop impacts fE1l1ison, 1947 ) and runof £
shear stress.

Transport is mainly due to superficial runof‘f_: subsurface flow and raindrop

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 manentum as an
impulse force. The mvmentum is partially reflected and partially used to detach
and move soil particles, ard to campact the soil surface.

Compaction.
The campaction usually determines the formation of a thin soil crust and a

decrease A‘M the soil surface porosity as scil pores are clovved by the impact

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

Dt achment .,

Resistence to detachment deperds on the sail types: medium and coarse
particles are more easily detached than clay particles {Farmer, 1973}, In fact,
the detaching force must overcame adhesive and chremical bonds which lirk particles
together (Yariv, 1976). Those forces are cbviuosly stronger amone clay particles

while their cress sections are smaller so that clav particles are more resistont,
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Thee ffectiveness of the impact foreve charnnes the thicknens of 1he

wiater Film covering the sml sinface. Palmer {1964) showed that rainsplash increases
: : .- N L

as the water thickness incrvases, when the water fibn is as thick as 4 10-20%

of the drop didmecter the spliash s more effective, then it decreases prooably

hecanse the foree 1s dispersed an the water (rherchler s Young, 1975).

Transport
The net downward movement of the splashed particles depends on the kinetic
energy of the drops and on the slope of the soil surface {Torri and 5falanga,

1982).
The effect of the splash as a transport agent is negligible in comparison

¢ .
gi.u\. runoff 0.1 +0.2% of the total ercsion on a 19% slupe on a sandy soil in

mid-Bedfordshire over 900 day period {Morgan, 1977). The relative importance
;;f 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 i in favour of the jumping in; conscquentely the amount of soil

transporied in rills is enrcached by splash.

rop velocity and raindiop size distribotion

As we said in the previous paragraphs velncity‘and size of the rairdrops
are the d‘l.‘\.!acter‘istics which affect detachment and transport.

The fall vélocity of a drop deperxds on the drop size. Data collected by
Laws ()941-) and eonfitmed by Gunn and Kinzer (1949) are shown in Fig.1. These
velocities were measured in the lnhoratory (slagnant air). They are attcined
after a critical fall length which is of ¢.20n for the biggest drops {5-6mm
“in diamcler).

During rainfall wind ususlly bBlows, affecting rajrrhop veluwcity l'm-th
in direction and intersity (Tor;‘i.lg'?g}. The se ;Jlffvrunccr- affect s0i) detuciment
as shown by Lyles {14977},

Natural raing alw cl.m-:-c-'u-v pd b citety .|h.:“. o of dirups of difTerend
cizes, o size distribtions uage witin riain in‘-.-z:.--ity‘a--d 1ypre of «<tenm.

In Fig. 2 ati collecled by Lave and Parsone {1943) shuwe the dopendence of
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raindrop distribution ©Mue 1ain intensity. O rescarchors (Hiedsor, 1963,
Carter et al., 19745 Hamerin, 19805 Zanchn and Torri, 19801 workong 1n.u-t.f£‘uw|1
Tacations fourd out d1f‘fr'r'(‘!m n'lmrinnships boiween ratrdrop size d]strl'lbt.)lion
arel rain internssty. AN example is shuman in Fio. 2.

Temuerature too could affect raindran size distribution as shown by 7anchi

ard Torri (1980).

Hillslepe hydrology

- The water supplied by rain Cm‘:\f"ﬂ.@ly subdivided into infiltration water
and overland ficw.
The term 'infiltration' means the process of water entering the soil (Gerrard,
1981, p.17). A typical Jin.filtration curve is drawn in Fig.3. Many are the equations
describing infiltration. Among those only two are shown here:

a) Horton's {(1945): ity =i+ (i -1 )e_kt
c o c

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

where: i(t) = intiltration rate at t;

t = time;

ic = firal value of the infiltr. rate;

io = initial value of the infit_r. rate;
\ a = constant o hydraulic condoctivity

al the surface for t=01;
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b = a sorpivity value {fram the rate of
penetration at the wetting front);

k = constant depending on the soil.
Both the equitions are not satisfactory. kgnfa) underestimates the £3rst part

of the infiltration curve (1w 0) while Eqn (b) overuvstimites it. In ary case, bouth

b

the egns do ot Like into account e vartation of the proe geamelry which moy
ocours during the time (especially in e m:gt :-Lq)c-rf‘ic'l,u] Layer). Data collectod
by Roy and Ghosh (1982) during a 1’33 days Jonye Tield traal show et infiltrstion
rate values oncillate. They reconded 10 mirane, whinle the lower value atterned
was ¢. 0.5 m/day and the moaximum c. 6 miday.
Two are the situations which may occur during rain:
1- i(t)> 1(t) { I{t} = rain intensity)
2- i) {1(t)
In case 1 all rain infiltrates and the aclual value of 1(1) is 1{t). 1n case 2
l.he—depr‘ussions, whigh are present on the slope, are illed with water and
overland flow eventually occur's This kind of overland flow i1s called 'hortonian'
af'ter Horton {1945},
Infiltrated water, which moves through the soil layers, originates a downslope
movement (g’mg}lﬂm) which may salurate the upper seoil layer. 1n this case a sa-
turated overland {low ocaurs.

in Fig.4 all the situations sketched in this paragraph are shown.

Overland flow, rill and cully erosim

Runoff is both & detaching and trammport agent. Tt acts through 'the force
that the fluid, during its movemeni, exerts over the particles and ageregates.
1ts effects can be subdivided into sheet and chinnelled erosion. The Jatter
is further subdivided into rill (ephameral feature, easily obliterahlel.and
eully {relatively permanent waler courses} erosion.

" e force due to runoff deperds on the welocity (v) and thickiwss [h)

of th water film. The depondence botween v wnd hois as fol lows:

n A where: n o= superficial rargtiness;
Do o oareisg

£ 5 onlupe.
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Kavi er-ul s 1l ions, Manning ation, and the data collected by Saval (1977
avier-Slokes eq ng equ ) or piping, mainly in loamy sands with columnar structure).

clearly show that the exponents b and ¢ range respeciively !?‘etw-en 242/3 arxt

140.4 as turbolence increases. ) i . ) }
Madelling erosion considering crosion mechanics.

The force required Lo detach particles is greater than the one mequired Lo

transport particlies axd the minimum of force needed for both transport and detach-

ment deperds on the size of the particles.{see Fig.5). Modelling soil erosion is not simple because all the erosion agents usually
Subsur{ace flow transports colloids and minerals in solution {Roose, 1970). act all tgoether and , especially during heavy storms, they act in all the

when this flow is concentrated in tunnels it could cause & tunnel collapse and possible way.

the formation of a gully {Buckham and Cockfield, 1950). Moreover the suhsurface Rill and sheet erosion are the mo;'k cammon forms of erosion. A model taking

frow may burst ocut on the surface when the soil layers are saturated - it them both inte account should be divided into two camponents:

obviously may occur near the bottom of a slope. In this case it could cause
the begimning of a rill which may extend upslope (Morgan, 1977; Sfalanga and dA/dt = 5 + R
Torri, unpublished laboratory data).

. svch where dA/dt
Rills may be determined by other reasons,as, for example, microconcavity

erosion per unit of time and surface;

S = sheet comonent;
at the soil surface, traclor wheels tracks, and all the other factors which

R = rill camponent..
may determine a local accumilation of the overlard flow.

Rills are vsually obliterated by nommal managemenl operations. Both the compoment should take into account the force of tm,ﬁpm;'t and
The relative importance of rill and sheel erosion carn be exomplified the force of detachment together with the reaction of the soil. W'“J
by the data reported by Morgan (1977): 97.8% due to rill and 2% due to sheet equation (ﬂ\.‘%kr .Y‘&SU.E'L':
erosion on a sandy soil. - D ) E
Gullies are often associated with acceleraled erosion and slope instability, S s ks [ o 07 s
Gullies are not simply enlarged rills. Suwe of them develop fram small R = Z k,[Fd' %3) F'
depressions due to localized weakening of lhe vegelation cover. Waler concentra- s
tes in those depressions delepcning them. When same of Lhem coalesce ingipient
channels are formed. Near vertical scarps develop and the headout retreats where: K_ = sheet erodibility;
uprlupe becanse of erosion (Dlege, 1972). ’ Kr = rill eradibility;
Fo]im'iug Ne Plocy (1974) oullies can be subdivided into axinl mlly f)s - mirﬂr’q& detaciment force;
(eingle headcut movire upslope by surface erosion, mainly in grovelly deposits}, Fd = r\mof‘liéetacfmcnt force;
digitate onlly_ {=cveral headouts moving followine the tribintary doprvercions, ' nqo'f minimam of E)sto detach;
wainny an clay deaeesd, and Trontal oully G cacrated vl taew] ol Tans Fdo: minimm of Fd to detarh;
Fs = sheet low force of transport;
F - rill forve of transport.
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All these factors need an equation containing other subfactors to be caleculated.

Only approximations can be performed at the present stage of knowledge.
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