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ARK]TRANT

Thare {« & nepd fre & model that can be need tn
Avaliiate the rigsk of “nit erasinn hy water within the
crntrime nf ¢the Fier npman Foammordity  and whicrh ean
nravide a basic ton) for the fArsion nf mrosian ronternd
meamures. Rather than adapt a model from tha t1.R.4,,
tt is proposed  that a Foropean model  he rAmve) oped
which ran he anplied ta the fritical conditinne that
Mve rine tn the dominant sraafve aventes  and alan tn
the mxtreme ovent. a tramewnrk for a mndml e
preassnted compriaing theee  rampeanenta;  a ronntf
generator, an  eatimator 0t =oil  detarhnent and a

nf the Mkmlihnad af ritlinmg, Prma{him operating
functinneg hasmrd nn Furansan resssrech arm reviewsd,
The model can be =yt ended =natially hy Hnking 1t with
the RHF  (Ryatnmm Hydrﬂlnglqny Furnpmmn) hydral ngl ral
modml.  The madni inFfliripa awnveral nparamet ore whicrt
may he manipolated  $n Aavalnate tha nfinrta nt
vanmtatinn o Fron cnver tt1lanm practicres  and nther

mrl t ronservat i nn meas rea,
.

1. TNTRODINST NN

The |axt Herade haa LT Y inrrunqing LT T T
ot the importance nt il mrnwinn within the Fruropisan
Community, Twn workahoape, at Firmenrsm fn 197
fprnndqrqnnt, $9AX) Aand  at Feasna fn 19A% (Nhiwrl and
Horgan, t19A&Y, have haen held An  the, topir, Nata
fresanted At thees wrkahnpna  ahow  that rates nf
il erpeion by water arm high enriigh for foncern,
r=pecially when ompared  with rates necesaary tn
matntain Acceptable standards of water quality and
anrical taral Productivity, Conmidering the



shal lowness of wmany FEuropean noils and the demand to
protect the environment from pollution as a resalt of
inputs of sediment and solutes to rivers, lakes and
resmrvnirs, it msay be neceasary tno maintain mean
annual erosion rates helow | t/ha, Yet  §in mANY Armas
of Mediterranean Eurnpe and in the wndul ating Yoamy
and sandy lands nf northern Furope annual  erosion
rates of more than 20 t/ha are recorded, snough to
threaten the useful 1ife nf some af these apils within
the next 75 years (Margan, 1986).

The total area aof the European

Communi ty
presently subjert to sotl mromion  at unacceptable
rates  im not known and npo  standardiassd technique

exiatas for cdeteraining it. Methods
assesament bhased on acoring systemn
eromivity, =anil erodibility, slnpe and Vandiae
(Giordano, 19843 Rubin, 1984} provide good information
on the spatial distribution ot erosion and arean at
risk but yield only limited data on erosion rates,
Alsn they dn not produce the infnrmation renuired tn
design erosinn control measures nr  to avaluate thefr
effect, Thess deficienciss ran naly be  ractified by
combining the assessment techniques with srosion
mndela auch as the lnjveraal 8nil toas Frustinon,

of ernsion
for  raintal

American acientiwts developed the liniveraal RBnil
lons Fauation (Wsrhmeier and Reith, 1970 as & method
of assea=ing erosion  and rvaluating the pfterts nf
different aoil conservatinn practirea. Although the
Equation has served its purpnase well aver the yerars,
being hoth simple to use and arguably the most
etfective predictive tool availahle tg date, it has a
mimher 0t wesknessas, Firat, it ia designed tn
predict mean annueal 201l loss whersas for ARSEaEment s
of the efterts of srnsion on pollutinon, it i=
neceasary to kanw what happens in §ndividual storm=s nr
even in shorter periode of riss, fecond, the mauation
applies only tn A fisld scale and it ha= proved
diffirult tn link {t te catrhment scaje modele  tn
Awness sediment  yields. Third, the equation does not
take acrount of riunott suplicitly. Vet = knowl mdge of
runonff is essential  for underatanding the timing nf
«rdiment and anlute inpute tn rivers. Frurth, it i«
now appreciated that the various fartoras that
influrnce srosion ranont he “imply multiplised rngether
tn ohtain an srosion rate; thers are important
interactiones whirh ran only be taken aceriint nf hy a

‘ﬂéla

1psw ampirical approach  with grrat-: an?ha:\sﬂ:n :::
' hrrtroming »

errhanices nf ernsinn, Thmmm =

nnlverua! Goil Loss Fnuation are recnonined n:ndihav:

canned Amsrican workers ta roncentrate on or :c ?g .

new generation of models wWith » strongmr physica

hase,

This paper is concerned with the dnvnlnnne:t :;‘:
mrdel  fTrr erosion  assesament and dnqigni'n joril
ronservatinn seasures in the furopean Commun .:.l ,h”r
nnt  the intentinn to prapnse & specific n?de.. hut
rather to outline an approach, present some ]
Astate and review current Furopean work.

e rHOTCE OF MODFL

Raveral studiss have hesn carriesd out to test L?P
validity nf tha liniveraal 8nil1 1nas eqa:innn:z:::nn.
1978y Gchwertmann, 1981, 19RA) Chierct, L anr|'
tns)icatn, |1 Destri-Nirosia, Sfalanga a:au *h!;
197 {in the Furopean Commanity, They - i
great care ia reagnired in the u-lprfi?n‘rziﬁr‘ cnd
valums, particalariy for the rainfall (R )"tniéhtpr
TJanrhi, 19811 Rirhter, 1903  and aoil K X ';rrnr;
19A0y D Ploey, 19A4) Rrhwertmann, 1Qﬂ?f ,r‘g;i
hefore the aquation can he  marde fto work = —hnu th:;
fturdies with annther Am—;:ran n:?::;ngﬁFg?B;-:n pibM

vae uite reasonable pre »
:nnn3; and :roginn but  reqiires rnnsidpra?ln.r;?at:
B i et a1 e expectedt of 1ta
(2] mors M an =
:::??;y "f:hnrsdirf the effecta nf  individual ;::n;:
than =eems tn he the case {n practice (Morgan, n
and Finney, 19A%),

tm are nnt  readily

[e]] that thase mnre

traanp:::ln tn Furepman conditinns and that g:?:

Americans are intent on replaring the Hhivnrnnl'f.’n

ln;q #quafinn in the near future, it s diffi:" oo

Ju!fifv contimied effort on fh-i: ::lidA;;:?d h:rpaid
. Inastead, attantion «

Furopean Cnmmond ty. f i

ithin Furnpe desig

t developing & mndml from W

qurlflrnlly to wmest Furopean needs and based o0

Furopean research.

X. COANCEPT NF A FUIROPEAN MDDEL



Frrnpman mocdsl  fop
should (1) rhahle

2
At fimig any ratrhment A may l??. :??Llrﬂtl'
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rontrihution ¢ sediment apg anlutm
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n a an§

;nrluninn in a modem) | Thia 4§ uh” ':h'- ey
merican model s =t anx P.:Y §'-F“ﬂ’
c fTartrra qf

th
2 Iniver«caf Bt 1 1 nan Fravat §an N dearerine “mi

1 and

- rﬂ:q:; anrfh, the atrirtires nt MANY hew mnd-lqa?"

f‘r*nP: u91:?:; if‘fﬂ Aiffirale th determine thm mni:
riam +

nredictiong, Fiffh, the fﬂ: . Pre o ar ~ omann

that thay
Sinre mrneion riak {m «ti]y ner
in terma nt mean AN
tn ha rian feoer o
ANOMAY  ratma ne

"erimn Ay indivindya

1onut Adata, Rivth
Lol RV [ P many

» [alalalad K.Y
. rnnddrihnq, mveant made]a hrv-
oY pertod  q¢ time an that mean
BrONinn can b ralralated from a
1 mtorm nredict § e,

nimplc:?: n: these nroblems can he

et an: he  made) tn  ronaide- only particiar

<mniren arlected wrowion pProceeses, The Fmya ¢
catinn 4o the cUntriss Nt thm Fn:np-a:

Cnmmunlty
0t =pecifie TY of erosion, the Aominanre

the haaia N whirk

avercome  hy

Meamurements nf «ni) mrosion oo hillaides plints
ant in  «=mall  watmraheds (Bfal anna and Franchi, 1978;
Arsrhi and Thieri, 197Ry  Richter, 1979 Mnroan, 1980y
Ranlione, Sfalanqga and Tarri, 1980y Rnarhi, Chisci and
Ghelfi, 19A84) Tenpeann, 1984, Chisci, PRoschi and
Fhelfi, 1985) mhow that most  ernsion takes place {n
what may he termed dominant events with a freqienry ot
twn tn thres times yYmar. Froaion risk asqseaamant
ran therefors he apprnached by predicting the sffecta
nf theee dominant mvents, This Anme  away with the
nesrt tn mordel the conditinns at the start of the atorm
sinre it is reasnnahle tn aqeoame & satuwrated ani) and
the tillage and renp Frover rondit{ons frr the time of
ymar the avent {a mupmrted tn sccar.  The respoanss bn
Autreme avents whirh, as  shown by Tharnes (1974) in
srmithern  Spain, ran frreparahly scar a landscaps, ran
he approarhed in the same way hy applying the mndme) tn
Aan pvent with may a hondred-year retorn period,

Preamnt approaches tn moddelling =snit  earnsion
fderive frnm a acheme descrihed hy Meyer and Wisrhmeisr
URAF)  in whirh erosion is viewnd ax a two-phase
process of detarhment of aoil particies from the aail
masx  and their transport downslops. Poth detarhment
and tranaport take placs by raindrop impact an the
soil wsurface and by runoff. This scheme can  bhe
=implifimd by negiecting snil particis tranaport by
raindrops and snil detachment by runoft. FErosion is
then a funrtinn aof the snil  material made  available
for transport through detachment by raindropas and the
transport caparity af the runnff. /

The deajgn af esrosion contenl measures can  bhe
approached by considering protection  of the «ani)
against a particular event rather than  an annual
condd £inn. The mutrems event would probahly he ton
rostly for most farmers to coneider protection and the
Anminant svent wonld be ton small i manni tivde  to
guarantes protection withont an unacreeptahie risk nf
failure.  Protecting against the svent with a tmn—yrar
return period may he a sujtahle roampromise.  Thina
anpproarh wonld ptars the fAmmign nf fimld-arale mrosion
rohtrol measiures on the same hasisn as that vsed in the
design of terraces and Arass waterways,

4. FRAMFWNRK FOR A MODEL



1 for a aimple model §s shown in Figure
1. n:lsr:z:::ro hyﬂrnlngs and asdiment produrtion are
romsidered. No attempt is made to include sub-surface
flow or movesment nf snlutea althnugh the mndel s
ronetructed in A way which would allow mndelling
wrhemes for  theas rosponents tn be added,  The model
requires three operating funrtiones L] nnofd
qenerator, a aol] dstachment matimator and a fransport
riparitv detearminator.

unnt snerat{on

oot Et?rnfi:tg from the Danish Hydraulic Tnatitute,
the Institute of Hydrolngy and SNBRFAH have alreardy
developed & determinintic, diatributed and phyairally-
hased hydrolnny sodel, Ryatess Hydenlonginoe Furnpeen
(BHF Y, capable of predirting runoff{ at points or nvr:
=mall hilislope areas in a catchment and routinng )
downslope to the channel (Danish Hydrauwlic ITnatitute,
19A%). Tha mnde]l takmes rainfall data and calrculates
net rainfall at the sail sirfscs after allowing for
interception starage on the vegatation rover ant
esvapatranapiration, If the model is applied to the
rritiral ronditiona nf a dominant or sitremss erosion
rvent it  may he reaspnable tn neolect
evapatranspiration and fn  assume  that !nt-rrnpflv?
atnrage has hesn satiafied mn that all  the rainta N
reaches the ground surfare sither directly nr oas nlant
cannpy drainage. .

Wat mr A;rn-nlafing nn the ground surface responds
tn qravity hy finwing downslope so that the runoft can
be described by the following equations:

ah/lt + dtamd 29w - q. i
In/d 2w Bu = Bfe P
uh - th’ll Bulll) In [553)

where h water depth

-
= time
= horirontal (downsiope) diresction
= firw valnrity in the v directinon
n = aet precipitation sinme infiltration
= grovnd slops in the x direction

= frictinn alope in the x dirertion

= Manning's rosfficient of rouvghneass,

The aodel solves these equations in  an muplicit
procedure.

L 6nil detarhment

The rate of antl detachment depends wpon the
propertiss nf  the rainfall, the resistance nf  the
=nil, xlrpe atsepneaa, the depth nt ponded ar running
water nn the surfarse and the vegetation rover,
ftycren  and  Heggh-Schmidt (1904} dempnatrate  that
mndel  whirh rconsiders  anil  detachment  hy raindrop
impart as  proportional to the aum of the AMIAred
momentus of mach raindrop in the rain event in rapahle
of explaining observed detachment rates with and
wi thrut vegetation. Thetir mrdel is thus an
improvesent over wmodels hased on raindrop kinetic
rarrgy  which are pone at sxplaining some vegetatinn
etfrcts (Morgan, 1968%). Arapting the mrdel {0 the
light o0f ressarch on the ather factnre influencing
anil detachment sugoesta that a suitable epnation tn
determine datarhaent rate (D) will have the form

h  a 4 a 4
Neke'tan B (A =0 Z Nd MI + C 5 Nde MACE (4)

= A api] parameter mipresstng detachability
= rimpth nf water on the anil surface
8 = ground slone in the x.direction
A« area aftected by raindrop smpact
= area ot cannpy rover in plan view
= number of raindrops of <izm class d in the
rainstorm .
momentam of raindrops of stze rlase d in the
rainatorm
Ndc = number of raindrops nf wsize class d in the
ratn nnder the cannpy
Mdc = momentum nf raindrops of size clasn o in the
rain under the cannpy
My&a = puperimental conmtants

fmveral approachea have hesn uamd  tn define K.
Rtyrren  and  Hegh—Rrhmidt  (19R4) rmlate i+ to the
enerngy  reqired o detarh nne =nid Annregate.  Pnassn
(19ASAY name & =xni] rAsisatancre paramstsr muprasesd ae
the kinetir snergy renirsd tn detach kp nt matesrial
Aanrt has produred & graph  shawing  hew this paramet s
rhangma  with the median orain =ire 0t the

=nil.
Puaneabh  (19A1) mupressss 1+ as the weight ot

wnil

Oy U



Artacrted per it Ay kinetir #nergy And nivea yal nee
for sandy, clay anr flay 1pam moil=, Trwrt, Rfalannga
and Nel Rettm (10 Ar;esa) attempt  tn  dearrihe i*r in
termn nf  rohesinn nf  Phe soll, A% measiired with a
shanr vane, They find that tha nercmant ane lay
rontent of the soil alsn nesds to be conmiderad  te
explain the aftert nf anil o0 dArtarhment ratm,

Famnr wturdise have inveatigated the aftmrta ot
wtare water and sinps  hot Hikmly valima far n and a
Are 1.9 (Trwrl  and Atalanga, 1984 ant  0.7-n. %
Duananh, 191, Tarry and Bfalanga, 19R4)
resaectivety,

Frauatinn (8 dhrex nnt coneider anil detartment hy
rilia whirh MAY anamtimes nead  ta he Allrwed far Anea
the eirfacrs runnte hernmra channml {ed, Net achment in
rills is more related 0 rill wall callapan than tn
sCouring efferts nf the ronntf, Thim in turn §=
dAnpendant spon tha rhararteriaticre ot the sell and the
=lope angle At the il waly,

a.x, Trananret rapacity nf runmts

Treey, Bfalanna and  Fhiacy fin preas), 4§ g
lnhnrafnry sty Anainned +n rramine the threshnld
ronditions for ril1] format {on, ahow that the dmpth of
Frosion inrreasee with thm ratin T/ T, wherm T Is the
=hear atress of the runntf and T, ja the cohesion nt
the =it measured with a ahaar Vanm under saturated
conditione, *Althronh data weres rollesrcted mainly for
flay solls, the rrlationship shoolg hold 1n prinriples
for al) sofls. The Authors were ajun able to define a
critical Jevel of the ratio T/ Ty at whirh rilis
developed and tag demonatrate that this waw compatible
with other studiey relating the nnset nf rills to
critical values pof runoff shear strees (Bovera, 19A0%5)

Bovers and Rauws, 1984) and slope stespneas (D Ploey,
1983%),

Neveloping a tranmport capactity maquation  from
this approach haw the advant aneg e incorporating a
readily measurable anil property, taking arcoint of
the 1ikelihand of rilling and providing a «imple
relatinnship simi]ar in roncept to D Poya ' formala.
The mxact naties of  the equatinn 14 yot tn he
fetermined but {t in expected to takm the form nf

R = t [v - 10 u] ™

— is_

where R = transport capacity of runnfs
T = shrar streus ratin (o7 I of runntt
Te = eritical shear stresms ratio of runoft for
rille ta farm
W= nther factors helping watmr +oq roncantrate,
#-0. stemfine, tractor wheel i nge

Tt the shear atrese of rinatff te Amdinag hy tha | anda
anrd | ifrhitr (1971 relatinnahip

3 3
T = '{,G’I{J (3?‘1'!3 _“r-'!-f R q'/ (.} ]

wherms = thid denaity
Q= arrelmration dum $n aravity
Ve kinmematir visrosity of the fluigd

and nther terme are an already defined, it ia poanibhle
tn allow for the rfturta of wni) et achment by
Axsiiming that the detached particlme rontribute to the
smdimpnt Thnad af the runnft  and adjusting the fluid
drnejty arcordingly. In this way, the critical ahear
streae ratio f#ar ritling ja aftected by & eritical
tevel af  wediment roncentration in  the flow asx
nropnsed by Rann and Savat (19A1) . Incrlusion  nt
Hinmmatir viarosity whieh dArpends (pon the toampmrature
nf the flndd, allpws aermint, tn he taken nf  the
retarding sttarta an velority aof a heavy amdiment
Inad (Ravat, "1979) .

4.4, Interartinne \

The  proposesd madel,  if  aperated for ashewrt
=Urreasive +ime rerinde, will allnw for changea taking
place during & atorm. Thum, {f wnii Hatachment 1«
tollowed by rraating or =#aling of the anil auwrfarm,
the rate of infiltration ran he reduced, resaiting in
greater runoff. an increase in fleow depth willt cauam
A decresass {in anil Adetachment later in the strrm,
Tnereased rinnts ant hingher sediment roncantratinne
will {nrreaae the ikl ihnnd at rilling and rajieam the
medtment tranapnort rAaparity,

Tt may he feasihie tn mndel  thpem changrea 1wming
De Plnmy'w (19R1) crns{atency index  tn Antermins
whether A anil  §a likmly tn rriyar nder raindrop
tmpact, The indmy reveale that a reasonahly
ronsintent top  mail  with A high agoregate atability
and 1w crustability ahsorba more water and Bnerqy

—g-



than an unstable top snil. From 1aboratnry teats and
tfimld nhaervatinns it ie frind that the valiumes nf the
consistenry index are closely correlated with the
tepture and  oroanic matter rantent nf the anil. pe
Plory and Pneaen (198%) ahaw how  snil rrustabhility
affarta infiltratinn and ronott generation. Rovera
and  Fhesen (198%) frund o ralatinnehip betwsen the
ability nf the ani) +n amal and {t= roheat vensye an
measured hy a torvane., The areal sxtent of wurfars
aealing and rhangea tn the roughnesa and rampartinn nf
the soil sirface all followed a similar tesporal
evnintion contrnlled, either directly nr indirectly,
by the texture of the top aoit, slope  angle and
mirrorelief (Poesen, 19A%h) 198A). The link hrtween
anil amaling, textural chararterjstica LG
infittration rate was alnn  demonstrated hy Pnmeen
(19A5h)  whn formidated a sealing index (81}  defined
A=y

a1 - AP AT 7

where AP = diffrrance in percalatinn rate (mn(hl
between prak percolation and termirial
nercolation rates
AT = difference between time of peak
perrolation and time terminal
rearcolation rate ia reached

Values of the mealing index. correlate with =anidl
texture and =oil shear strength as  measired hy &
torvane (Pneqbn, 1984), These studies provide a
sititable hasis for modelling changes in infiltration
rates and runnff gensration through a starm, |,

Annther scheme for rvaluating sesting dynamirs
and ita influsnce on infiltration and rannff has hesn
developed by Roiftin (198%) and Roif4in and Monnier
(19A%) This predirte the reducrtion in infilbrating
rate in relation to the surfare area affercted by
rriusting. The )latter depends upon wni ) properties and
raintall snergy.

. APPI ICATTINNS ¢

1f future resmarch is concentrated . develnping
procedores. tn eatimate  {nput parameter valuma, the
type aof mrdel desrribed hers has potential for several

/‘O"

Aappliratinnsg, First, hy Aapplying 1+ tn walmrt e
storme, the risk ot msrosion rAn  he  avaluated. Thie
ran he achisved most ®asity hy predic
in domsinant and extreme rvents,

fscond, hy rhanging the fnput parametmr valims in
Arcordanre with the affects ot difterent =nti
ronamrvatinsn Practicres, the model cAnN he uyamd ae a
desiagn  tool. AQronnmic measii-ms will affect the
volume nf  ronoft through rhanges  |n interception
=storane  and infiltration, the velocity of runots
through Manning's Ny the rate of anil det arhment
through  rhanges  in the raindrop sizea and therefors
momentum 0f the rainfall  ag 1t pasmes through  the
plant  cannpy, and hoth il dstartment and transport
caparity, indirectly through  eftects on runoft  and
directly thrnugh changpa in  =snil roheainon brought
ahout  hy the rant system and the =wnj)'w rogand e
rontent , Approaches to modelling these vegetation
rffrrte Are discusesd in Ricksnn and Mrrgan  (19RA) . -
Nifferent tillage practices will alter enil cohesinn
and, throegh channges in microtopngraphie ronghness ann
deprmeasion storane, aftact Manning‘s n and therefore
runntf valncity, Changes {n intiltration will atfect
runntf  volume. Runntf  valume and velority tngether
will  rhanpe qurtfars wWat ey dopth Aand

therafare
influenre anil detacrhment ,

Third, by rombining the erosinn mode}  with the
SHE distrihuted hyrdralngircal mordel, A arhese s

provided Tor estrapnlating point or  saal)  area
Asterminatione ot mrosion 0 a Yarger wrea  or
ratrhment , Am  pointed Aot by Nimlamn andg Rtyrzen

(1984) whn ares dnvplnping their nwn ant | Arnsinh sandel
tn  superimpose on 8HF, muth A =cheme ran  aimolate

“natial  variatinnm in amdiment yimld within a
catchment, This means it ran bhelp to identify the
Inrationg of setiment  amircess  and sinks, vitsl

information for Planning anil cnnamrvation works on a
reginnat arale.

6. COANCLUSTONS '

The ohjrctive nt thia paper has heen to presmsnt
tdras for discussinn and nnt o nropnee a dafinitive
mordel, The selection of processps to {Arlude in the
mordel,  the rhoice af variahles and the operating



rAtIione are Al)  open to eritictam. The philnaophy
untterlying the paner, however, {n that qgreater henmtjt
will be achieved by developing an erosion model from
within Furopm based on the approaches and framework
descrihed here rather than rontinuing tn test and
apply Amerfcan models tn Furopsan conditions. The
large numbmr of citations made in  support of the
framewnrk {ndicate that Fiirnpean scimntista have more
tharn laid the frundation for mociel  devel opment,
Tndemd, in at 1mast thres aspecta Furopsan work wonld
appear to he shead of Ameriran  research, Thesr are
the mewtmiling ot sni)  detachment uader vegetatinn
rovers, the prediction nt rilling and the study of
ani)l cinmervatinn practicres in oa way that simulates
their sftect on wnil erosion Mocrssen.,

By simplifying ths arnsion system tn thres
romponenta,  ronntd aeneration, emil  detactment and
transpord rapacity, and hy rhonaing tn apply the anrdel
te amimctod storme fir which the atarting conditione
ran he fajirly masily AdAmterminad, many nf  the prohl see
ananciated  with romples, Aaily simidatinn morela have
bern avaided. tnstead, the arhems preasnterd shouled he
Pasy to use {fror  bnth Asseusing srosion risk asnd
draigning anil ronasrvatinn measirme,

Mirh  reamarrh sti11 nesis +n he done to make the
srhame nperational. Proredures need tn he devel nned
for  matimating input Narameter  valies, The  mnriel
nesrda tn he - validated against field data. Progrees
may well  depend upon the sathis)asm ot  Furopean
arimntistea o ronedinate thejre ressarch, nnt  just  {n
modeliing  but aleo in Jinking mndels to other methade
of Prosion  assmasment and in rollecting through field
measurement suitahle data for model validation, Ri ven
the increastng recognition nf anil srosinn  and the
Tack of precise information on the area of the
Furopsan Comminity that = in dangnr nf  sertnus

phv={iral draradatinn through ernsinn, this
ronrdinat § nn eftors whrw] of he  affordsd a high
priority, The surceas of rerent Eurnpran wwk nn

the vnderstanding nf antl mrosion procasass caasa the
authors  tn he Aptimiatic nn the develnpment of a
Furnpean model for wnil erosinon.
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