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RIdges I n  t l l l e d  f l e l d s  are a cwnon feature o f  the m l c r o r e l l e f  a t  the  

ear th 's  surface In  imst  a g r l c u l t u r a l  areas of the world, and they are o f t e n  

used as p a r t  of wlnd erosion cont ro l  systems. \,/hen the vegetatlon 1s rcinoved 

f o r  food, fuel ,  or fodder, rldqes and s o l l  aggregatlon are f requent ly  the  o n l y  

titcaris o f  wlnd c-roslon cont ro l  on la rge  areas. Thus, understmdlng the  fac to rs  

t l id t  coii l t -01 so l1  loss by wlnd cvmiun from r idged f l e l d r  l s  Important f n  

des l y i l i i g  edcquate k l n d  eroslon systms. 

In sectlon 2, we w i l l  brfef ly  i*rvICw the I l t e r a t u r e  on rldgcs and 

descrlbe the f l e l d  surface fac to rs  tha t  cor l t ro l  s o l l  l oss  f1.m nonvcgetated 

r ldged f le lds .  

con t ro l  factors,  r!dge t rapping e f f t c l cncy ,  i s  described, and some r e s u l t s  o f  

the exyeriiitcnt dre dl?cuzsed l n  sect lon 4. 

s o l l  loss as a f fec tcd  by t rapping e f f i c l e n c y  i s  presented I n  sect lon 5. 

In sect lon 3, a wlnd .tunnel experlment t o  d c t e n l n e  one o f  t he  

F ina l l y ,  a simple e r m p l e  o f  f l e l d  

2.So11_s_urfdce-~?~,ntro!_faF_tors 
l l l nd  eroslon on a r idged f l e l d  surface I s  coxplex and there are  a t  l eas t  

four najor s!multaneous processes a f f e c t l n g  so i l  l oss  ( f l g u r e  1). 

there l s  rcmoval of loose, erodlble-slze (<  0.84 nrn dfamcter) y a r t l c l e s  from 

mong the  la rge  clods by bdind. Thls s o l l  lcss,  E, 1s rilostly raiiovcd from the 

upwlnd slope and top of t he  r idge. (Al l  syrll~ols we deftned In t ab le  1.) 

Loose soll  l oss  has been IwdSured for many urirldgcd surfaces I n  wlnd tunnels 

and Fryrear (1984) t t iwed  tha t  f o r  a v a r l e t y  o f  surface Covers, f: was approxl- 

mately 

F l r s t ,  
... 

E = m - n ln(SC), (SC) ) 10 I11 
where m and n are coe f f i c i c r i t s  t l i d t  l l k e l y  vary w i th  wtridrpced dnd SC 1s 

percent soll  cover o f  f l n t  rcstducvs o r  c!ods. 
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Figure 1 Ridye schematic and control surface f o r  mass balance i n  the s a l t a t l o n  

regfon. 
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RIdge helght,  1 

Inltlal ridge helght ,  L 

Rtdge height rcductlon by erosion, L 

Percent so l l  cloddlncss ( 2  0.84 mn diameter) by wetght 

Avcragc ,ihrdsion c t w f f l c l c n t ,  L-' 

Avcrage suspcnslon cocf f lc lent ,  L-' 

Coris t ant 

Constant, L-* 

Cons !ant 

Fnrllcie d f m c t c r ,  L 

r1t11s t 4 r i  t 

Loose $ut f6Ce sol 1 rwlOvdb1e by wind, I4L-l 

tonstant  

I n t e r r l d y e  Iwlg l i t  f i l l e d ' w i t h  19ose so l l ,  L 

Leilgth o f  t w i c l  covct*rxi by t * f d y s  I n  X - dl rec t  !on, L 

Coef f Ic lcr i t  2, til-) 

Tota l  tiorlzcmtal sol )  p:.s:gc per u n l t  width, I t - '  

Itor-lzorital sol1 f l u x  {rttc.jinti:.d over Lhe s a i t a t l o n  height per 

crnft width, M L  T 

Sol1 aygregdte mc.chanIca1 s t a b i l i t y ,  MT-' 

Pel-cent so l l  cover o f  f l a t  rCsfdiies or clods 

Total time, T 

Time, T 

- 1  - #  

- 1  
Wi~Id tt.ttl:iCl F,.<c.stt.C;:rll k ; j t d S p i d ,  LT 
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Frlctlon velocl ty, LT-' 

Ridge top loss volume from eroslon per unlt horizontal 

area before ridge height 1s reduced, L 
fldditional rldge top loss volume from eroslon per u n i t  

horlzontal area when ridge hetght 1s reduced, L 
Interrtdge volume filled by loose soil per unit horizontal 

area, L 
Pdrticle Impact velocity, LT-' 
Sol1 clod abrastvc i:wr 

Downwlnd dlstance, L 

Saltating particle ltwact angle, degrees 

Rldge ~+3vclength, L 
Fraction of p,)cslng q trzppcd by rldgcs and herein called 

ril~ge ttapping c.fftci(ncy, L-' 
Average frdctfon uf p r r s l ~ g  Q tr,?pppd by ridges, L-' 
lnltial rldge trqqting cfftziency, L-' 

Sol 1 bulk dens! ty, ML-' 

I 

I 
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Arnibrust, Chepll, and Slddowdy (1964) mnmsured E from a 1.62 m long t r a y  

using 1 t o  20 cm - t a l l  r ldges In  a wlnd tunnel and showed tha t  E could be 

reduced a5 much as 50 percent on r tdged surfaces campnrcd t o  unr-idged surfaces 

w i th  the  same sol1 cloddlricss and f r l c t l o n  v e l o c l t y  (Ut ) .  Neverthelcss, t he  

slope n o f  the l r  soil loss curves was s f m l l a r  to  Fryrear’s, and E averaged 

over U I  o f  0.9 to  1.08 m/s was 

E = 8.12 + 0.045 A, - 2.28 ln(C), ( C )  > 10, 4 ) 2.5 I21 
k:hcre E i s  Kg/rn*, 4 I s  r l dge  I i c l yh t  I n  cm, and C i s  percent soil cloddlness 

( >  0.84 iim dlr . ,etcr)  hy w f y h t .  

roriloval uf l he  loose so l1  usua l ly  allows the upwlnd f l c l d  tu r face  t o  

stab1 l l z e .  

the s a l t d t l n g  1o9se so l l  frm iJl?\lliid, 

s a l t d t t o n  ?.,Id !irsrCrislon-slre p l r t l c l e s  a id  also exposes dddt t iond l  c rod ib le  

p 6 r t l c l e s  as the SlJtface I s  abraded way. 

measurctnjnts o f  abrasion on rldges, bu t  l t  i s  probable tha t  the  process Is not 

g r e a t l y  d i f f e r e n t  than on an unrldged surface, except t ha t  on r idges, the  

abrasion zone 1s concentrated along the lipper 2/3 o f  the upwind r i d g e  fare. 

For unridged surfaces composed o f  mlxtures o f  clods and sa l tn t l on -s l ze  p a r t l -  

cles, Hagen11 found on wind tui inel t rays tha t  s o l l  loss froin abrnslon va r led  

l l n c w ? y  wlth the t o t a l  s a l t a t l o n  passage (0) arid the abraslon c o e f f t c l e n t  

(Ca) var led w l t h  C. 

abrasion loss equals c,Q where c, Is an average abrasion coe f f t c len t  f o r  

the surface layer. 

Unfor tumte ly ,  the dowwlnd surface clods and c r u s t  are abraded by 

The abrasfon crcates add t t l cna l  

There appear t o  be no d i r e c t  

Thus, f o r  a r ldged surface, a f l r s t  approximation Is t h a t  
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Ea a lso  va r l cs  lnversely w l t h  the mcchanlcal s.,,.llty o f  the  c lods 

end crus t .  

s t r u c t u r a l  u n i t s  and l l s t e d  t h e l r  r e l a t l v e  iiiechanlcal s t a b l l l t y  I n  the dry 

s t a t e  from h ighcs t  t o  lowest as fol lows: 

(b) sccotidary aggregates o r  clods, (c )  surface crust, and (d) f i n e  mater la ls 

mcing the  clods. 

b l a s t i n g  n o / i l e  dnd found tha t  abrasive ct-osiun o f  the clods was l nvcrse ly  

r e l a t e d  t o  c l o d  iwchanlcal  s t a b l l l t y  a s  IiiCdStJred by a drop-shatter t e s t  

( f l g u r e  2). Above a threshold p ~ r t l c l e  I inpact  vc l cc l t y ,  J b r d s i w  c - tmlon  from 

the t a r g e t  aggregates also was proport ional  t 0  p a r t l c l e  lrnpact k i n e t i c  energy. 

Chepll and Uoodruff (1963) dlscussed the  formatlon o f  var lous s o l l  

(a) water-stable aggregates, 

lfagen (1984) abradcd ind l v ldua l  s o l l  clods wlth a sand 

Another pwcess l l t u s t r d t e d  n f l g u r e  1 1s the rcmoval o f  the  f i n e s t  

Crac t lon  o f  i i .wing 5011. from the op o f  the s a l t a t i o n  reglon. 

1s postul,3tc.d as the p i o + ~ c t  of Q acid an average suspension c o e f f i c l e n t  ES. 
c s  l i k e l y  v w l e s  along thc uliid Jlrc ict ion .+rid chwyes w i t h  wlndspeed, bu t  I n  

a vianner p resent ly  unknown. 

suspenslon f lux ( <  20 pm d l m e t e r )  on zc;c.rdl f i e l d s  m d  found t h J t  I t  var lcd  

wldely on d l f f e r e n t  s o l l  tcxtures. 

l n i t l a l  lmpacts o f  s a l t a t f o n - s i t e  p a r t l c l e s  I n  an enclosed climber, the major 

source o f  p w t l c l e s  50 pm dlaineter was the lmpactlng s o l l  p a r t i c l e s  and not  

tlie ta rge t  sggreyate. Vuch udd i t iona l  work dppedrs necessary t o  speclfy E, 
on n v s t  so l l s .  

Thls suspenslon 

C l l l v t t e  (1977) nlVSiJWd a po r t i on  o f  the 

I k y n  .ind Lylcs (l!Jf?5) found tha t  dur lng  

A f l n a l  process i s  the  t rdpplng of the s a l t a t i o n  f lux I n  the l n te r r l dge  

areas, vh lch  can s l g n l f l c d n t l y  v c h c e  the t o t a l  lapdct k l n c t l c  ctiorgy on the 

f l e l d  surface. For crample, t r q p l n g  s a l t s t l n g  p a r l l c l e s  w l t h l n  5 t o  10 m o f  

t l i e l r  l n l t i a l  tiiwctiicnt lns tcad of allo\:l i !y t l m  t o  t rave l  t o  a f l c l d  border 

100 m dor;nwliid would rcduce h;wt k l w t i c  ctlcrgy on the surface 10 t o  20 
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tlmes. Thus, both the trapplng efflclency (n) In dlmenslons (1/1] and the 

lnterrldge volume avallablc to malntaln rl are Important. Because data on 

are lacklng, an expertment to measure n was undertaken, 

3. Eaerlmentalqrocedure for 9 --- --- --- 
Rldges composed of a mlxture of 2 to 6 mn dlameter gravel and 0.29 to 

0.42 mn quartz sand were constructed normal t o  the flow along 610 cm o f  the 

worklng section of  a wlnd tunnel which I s  76 cm wlde and 91 tall. For m c h  

set of test rldges, the tunnel roof was adjusted t o  glve zero pressure 

gradlent In the worklng sectlon, and the loose sol1 on the ridge tops was 

rcmoued by operatlng the tunnel until the rldges were artrlored on the upwlnd 

slde. Thus, durlng the trapplng experlments E, c,, and ca were all equal 
t o  zero (flgure 1). 

Freestrcam veloclty was measured above the rldges uslng a pltot-statlc 

tube. 

the tunnel floor upwlnd of the rldges, and the tunnel operated for 3 to 5 

mlnutes wlth a relatlvely constant sand flux c~r~lerltrg the ridges. At the 

downwlnd slde o f  the rldges, a vertlcal slot sampler collected the saltatlng 

sand In a pan mounted on a recordlng load cell below the tunnel floor, 

Flnally, the remalnlng sand on the floor upwlnd was rcwelghed and the loss was 

cwered to the flux that had passed the sampler. The dlfference was the sand 

trapped by the rldges. 

Next, a weighed amount of sand (0.29 to 0.42 mn dlawter) was placed on 

To calculate nr the rldges were assumed to act llke a serles of fllters, 

whlch, uslng the conservatlon of mass prlnclple, cdn be modeled as 

dnd tor short runs wlth q and r) In r.ttvdy slate, ltlteyratlng glves 

0 = In (Oln/Qo,,t)/l 141  
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where q Is the soil f lux I n  the  X-dlrect lon ln tegra ted  over the  s a l t a t l o n  

height, L Is rtdge-covered tunnel leng th  (6.1 m), and Q 1s the  t ime In teg ra l  

o f  Q. 

rdi iglng bctwcen 10 and 15.5 m/s. 

f l u x  r a t e  was created a t  each windspred by adding a low w l r e  screen b a r r i e r  i n  

f r o n t  o f  the upwtnd sand source. 

Each se t  o f  r idges was tested a t  three freestream wlndspeeds (U-), 

For the two la rges t  wlndspeeds, a second 

Rldges tha t  had subs tan t ia l  capaci ty vcre i iex t  f l l l c d  n l th  s a l t a t l n g  sand 

a t  U, o f  10 m/s and then eroded by wlnd alone t o  s t a t l c  equ l l l b r l um (q  = 0) a t  

15.5 m/s. 

determine a t  what wlndspeeds sand was deposited o r  entralned from between the 

r ldges. 

These r idges vere then SlibJeCted again t o  an upwind sarid f l u x  t o  

I n  t h l s  way, an approxlmate dynamic equ l l l b r l um (n = 0) f o r  r ldges 

cou ld  he de t er id  ned. 

curface contour o f  cach set o f  r idges was measured over 1 o r  2 wavelengths 

by 1c::erIng a l ase r  h e m  un t i l  I t  was focused on the  r i dge  st ir face and then 

observing the  r e l a t l v e  change i n  he lyh t  from a scale fastened t o  the  l ase r  

opt ics.  The t e s t  rtdges had height ( A )  t o  wave length  (I) r a t l o s  o f  0.11, 

0.15, 0.18, and 0.21; heights o f  2.4, 4.5, 6.5, and 8.0 on; aiid sand f l u x  

ra tes  (9) o f  0.1 t o  0.6 g/cm.s. 

9.. Results - - -.-. end --- discusston .- for-9 

A t o t a l  o f  25 t e s t  runs o f  t rapping e f f i c i c n c y  were ,inalyzed using a 

stepwlse regresslon procedure, and the best 6- var lab le  model found was 

= -0.0264 + 1,342 (A /a )  - 0.67 (9') - 1s x 10.' (~2) 
+ 0.05614 (qU,) + 0.04517 ( Q A )  - 2.09755 (qA/ \ )  (51 

where the u n l t s  are A and 1 I n  cm, q i n  g/m.s, and U,,, I n  m/s. 

f i c l e n t  o f  m u l t i p l e  d c t c i d n a t l o n  (R' )  f o r  the nwdel was O.R2. 

The caef- 
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A p l o t  o f  the model shows tha t  q was s t rongly  lnfluenced by wlndspeed 

( f l g u r e  3 ) .  

15.5 ids, hu t  dynamlcalty s tab le (II f 0) a t  10.3 m/s. 

The r l d g e  w l th  A / I  equal 0.11 was s t a t l c a l l y  s tab le w l t h  U, equal 

Thus, the dyndmtc t o  

? : . t a t l c  t h r r sho ld  wlndspeed r a t l o  was about 0.66, whlch 1s less than the value 

P of 0.8 usua l l y  c i t e d  f o r  a l l - e r o d l b l e  surfaces (Bagnold, 1941). The decrease 

I 

r 

b 

l n  the r a t l o  probably occurs brcause s a l t a t l n g  p a r t i c l e s  are more e f f e c t l v e  

than wlnd alone l n  cd r ry lng  1mwntwn t o  the surface lccward o f  the r ldges. 

Vertical p r o f i l e s  o f  the s a l t a t i o n  f l ux  \:ere m ~ r k e d l y  changod by the 
, 

r under ly ing Sur.f;lcc >led tlws, also 11l.cly dffr*ctc?d I(. To t ~ ~ : + l r e  p r o f l l e s ,  a 
I relative f l u x  \:cs calculi.tcd as t l i e  r a t l o  o f  f l u x  io rnaximltrn f l u x  f o r  each 

y r o f l l e .  

lops as r i d g e  ;,,iplltvde lncrcased f r o m  an unrldgcd surface t o  maxinum ainplltude 

The r c l d t l v e  s a l t a t l o n  f l u x  lncrclised near the surface o f  the r l dge  t 

I 

! 

I 

(Clgures 4, 5, 6). 

allsolirte f l u x  gradlent Above 5 cm decreased as wlndspped Increased. 

1t : i i :~diately above the rldl;.es, Increaslng wlndspced also decreased the absolute 

y rad lcn t  o f  the hor lzonta l  f lux ,  whi le  gradlcnts abcve 20 cm were less 

af fected than those bclcm. 

p o r t l o n  o f  the f l u x  p v o f l l e  rcduccs the <hsol i i te  yradterit above r ldges. 

low f lux values I n  the lowest po r t l on  o f  the ln tcr i * idge area l n  f l g u r e  6 

dcmonstrate tha t  mast o f  the f l u x  I;q:arted alcrng the upper po r t l on  o f  the 

wlndiiard r l dge  face. 

I n  the c3se of the unrldged surface ( f l g u r e  4 ) .  the 

Stml lar ly ,  

Cvldcntly, t r i p p f n g  of r a v t l c l e s  Crrm the lower 

The 

i 

i 

F lna l l y ,  another p l o t  o f  cqtiatlon 5 shows that  there was an asymptotlc 
I 

lncwdse l n  0 as the l r iput  f l u x  vas  l n c r w s c d  a t  a f l x e d  wliidspc.ed ( f l gu re  7). 

I t  i s  probable that  adtllng p a r t i c l e s  t o  flic s t i w n  veduccs the m;tmcntum 

i,hso,tied by l 'ndlv ldval  ya r t l c l cs ,  SO lhcy i:iave r twe slowly and are easler t o  
1 
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Figure 3 Values of 0 predicted by equatlon 5 as a funct ion 
o f  freestream nlndspeed. 
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Figure 4 Relat ive  sand f lux  d l s t r l b u t i o n  as a f fected 
by freestream wlndspeed f o r  unrldged surface. 
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Flgure 5 Relat ive  sand f lux  d l s t r l b u t l o n  
by freestream wlndspeed f o r  4.5 
o f  wavelength 21.5 cm. (Helght 
lowest ln ter r ldge  surface.) 

as a f fec ted  
cm t a l l  r ldges 
measured from 

. 
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RELATIVE FLUX 

FIgure 6 Ee la t lve  sand f l u x  d is t r lbut lon  as a f fected by 
freestream wlndspeed for  7.6 cm t a l l  rldges o f  
wavelength 43 cm. 
In ter r ldge  surface.)  

(Height measured from lowest 
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Figure 7 Values o f  II predicted by equation 5 as  a function 
o f  sa l ta t ion  f lux  passing the rldges. 
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trap. 

a practlcal llmlt o f  about 0.25 for A / I  for most solls, whlch t s  Imposed by 

the angle of repose of the sol1 materlals. 

Increasing both A and A/\ also tended to Increase n. However, there 1s 

5 %  _ _  s!ypj.e. fleldex_anyl 

Cole (1981) has pointed out that for a general solutfon to fleld soll 

loss, one must Integrate the govcrnlng f l v x  cquations In both t h e  and space, 

b e c a m e  wind cioslon 1s a time arid space dcpcttderit process. 

wlndy, seml-arld reglons one wants the fleld surface to stablllze long before 

the wlnds erase, 

wlnd m w g y  but, Instead, each fleld wlll have a maxiinum sol1 loss governed by 

the fleld curfdce. For such a fleld, total horlzontal soll passage (0) at any 
v"\.iwlnd lncatlon ( x )  1s 

Howcver, i n  

For such drslgns, total soll loss wlll iwt dcpcnd on total 

I 
1- 

::llcre q 1s tlorlzontal soil flux aid t Is time. 

cxxrple o f  such a fleld to tllvstrste the tryor!me of r). 

llerc we wlll conslder a simple 

To further slmpllfy the cxai.iple, cc!iisirfcr a rcglon \.;!:?re the eroslve wlnd 

dlrectlon 1s nearly constant and the r i d y s  are orlcnted i-mnal to the wlnd 

direction. 

iigure 1 

T h m ,  f o r  conservatlon of mass along the wlnd dlrectlon from 

I 

::!,ere E 1s loose soil r m c w ~ b l e  f r m  the rfrlye tops by d r J  alone (Ft/L*], 

1s J v c r q e  fractfon of pdssfng 0 ( r q q v d  by the rldgcs [ I / L ] ,  

c,, 1s avcragc ;idtiltlorial 5011 d~r,rcll:d per utl l t  pjcslng 0 [l/L), and 

I s  a v w q e  soll SOSpClldrd pcr unit posstng Q [ill]. 
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Ihlle E, can be slgnlflcant on certain sotls,  for the present example we 

n l l l  assume E, = 0. 

A t  eroston progresses, the rldyes wlll change shape and f l l l ,  thus 0 also 

wlll be a functlon of Q, whlch we need to determine. 

horizontal flux (q) and wavelength ( l ) ,  the regresslon equatlon for r) reduces 

For a constant wfndspced, 

t o  r) = -C, + C, A P I  
where C, dnd C, are constants jrrd 

A z 4 - h - A  (91  

I n i t l a l  ridge Ilclyht i s  A(, while h and a represent l ielght rc.d?rctlons by 

filling arid s o l 1  loss frwn the rldge top area, respectively (figure 8). 

We can approxlmate h as 
h 2 [ I  V Y / 2 ) ' / '  

A re \,here V, I s  filled voliime [LJ/Lr]. 

calculations o f  a glves 

a = d (V,)e 

khere d and e are constants. 

VI and V, are top loss volctme w l t h  

untll top loss exceeds V,. Now 

[101 

resslon equdtion fltted to exact 

VI + v, (E + EaQ)/Pb 

and 

V y  = 6 Q/Pb 

wllere Pb I s  soil bulk density, and fi I s  deflned as 

. 
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Figure I) Ridge schematic w i th  notat ion used i n  t e x t .  
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N,,lperlcal j o lu t l ons  f o r  n were ca lcu lated and fourtd t o  f l t  approxlinately the 

. .  
I .  

ejyresslon 

~ s n , - g l n Q , ~ ) O , Q  2 1  I161 

wIlcre rl, t s  t r t t t l d l  r l dge  trapplng e f f l c l c n c y  a t  A = A,, and g 1s a constant, 

I n teg ra t l ng  the preccedlng equatlon fo r  Q 2 1 t o  f l n d  15 glves 

4 = (5  + 9) - (I)) + s ) / Q  - 9 I n  0 (171 

and p u l t l n g  t h l s  apyroxlnidtlon l n t o  c-qirdtlon 7 glvcs 

3 = E + E Q .. [ ( %  + 9) - (no  + g)/Q - 9 I n  01 Q ( I8]  
dx 

The precccdlng cquatlon was appl led t o  an urirtdged surface atid two r idged 

surfdces tha t  love the shJpe shown i n  f l g u r e  8 w f th  the dlmcnslons and 

rcw.1mt.s : l w n  l n  T,ible 2. The E-value o f  2.0 Kg/in* selected f o r  the f l e l d s  

c(rl’rirr3ndS t.0 a s o l l  c1iuCllncss ( >  0.64 :,.n d l w : J t e r )  o f  d ~ t t r t  10 pei’cent f o r  

the ric‘gcd f l e l r l s  and s l l g i i t l y  y c 8 t i . r  Cor ?he iirirldgcd f i e l d .  

P lots  o f  nuiii2rJCal solut lons o f  Q - vs  - X arc 5ftoi.n I n  f l g u r e  9. The 10 

cin r tdgcs stablllzed and dQ/dx approached zero a t  30 t o  40 m dc4\mwlnd x h l l e  II 

rimalned a t  about 0.06 a f t e r  eroston ceased. I n  c w i t r d < t ,  on the 5 cm r idges 

dp/dx dld not approxh zero, but Instead 1 approached zero ( t h e  ridgcs f a i l e d )  

a t  Q cqual 91.2 Ky/m a t  an X bctween 70 and EO m Jov:n\.rlnd. Beyond t h a t  polnt ,  

t h e l r  e f f e c t  on s o l l  t r a n r y w t  ubs s i inf lar  to  the unrldged surface. 

tbe unrtdgcd surface [ij equal x r o )  ckhib i  ted the exponentla1 Increase l n  

s o l l  f l u x  passage one expects f o r  the s tated condl t lons.  

From the pxatnple, I t  Is c l r s r  thdt  on both the unrldgcd and 5 cm r ldged , 

f l c l d s  the length o f  the erodlng f l e l d  i w s t  be c c r r i l r o l l d  by swic f w m  of s o l l  

trap, such as a vcgctat lve b m - l c r ,  ff ddvqvdfe cwsion  ccwtrol  f s  t o  be 

t:,alrttdlncd. 

on tllcse f l e l d s  t o  a!so p w i d c  contro l .  f l : ~  10 cm rldljcr d i d  not f a l l  

F lna l l y ,  

A1 ternnt lve ly ,  Otie could 11bct*pisQ surface cloiidlrrcss or vcyc ta t l on  

I 
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I 
I tvc,wse they hdd a hlgh lnltlal q whlch prcventcd ercesslve abraslon o f  the 

dohnwlnd area and also the lnterrldge v o l m  necessary to hold all the sol1 

t h a t  was removed from the rldge tops so control of fleld length was unnecessary, 

I 

I 
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