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PRINCIPLES OF SOIL fRDSILWI: DETACHWENT, 

WVEWNT, WD DEPOSITION 

0. V. Ambrust 

Areas of the world suscqttlble t o  wlnd erosion Include most of North Afr lca 
and the Near East, part:! of southern and eastern As t  * Australia, southern 
South Amerlca, parts o f  Russia. and the arld and semiarid parts o f  North 
Amerlca. Wlnd eroslon 'Is the dmlnate problem on about 90 ml l l l on  acres o f  
land I n  the Unlted States wl th approxlmately 5 ml l l l on  acres moderately t o  
severely damaged each yr!ar. Over 1 ml l l l on  acres were damaged durlng the 
1983-84 blow season In  Colorado. 

The reat ecmanlc 1oso(!s and roc la l  dlsruptlons caused by the drought and 

on the problem of wlnd woslon and stlmulated various State and Federal 
agencles t o  establlsh wsearch In to  the basic causes, effects, and methods o f  
con t r o  1 

resu 3 t l ng  wlnd eroslon tlutlng the "Dirty Thlrt les" focused natlonal attention 

Wlnd eroslon can occur whenever: (1) the sol1 Is loose, dry, and f l n e l y  
dlvlded; (2) the s o l l  surface Is smooth and vegetative cover Is sparse or 
nonexistent; ( 3 )  the f l a l d  Is suf f ic lent ly  large; and (4) the wlnd veloclty I s  
hlgh enough t o  mve  sol 1. 
The most easI ly detached s o l l  part lc les or sand gralns, between 0.1 and 0.5 m 
I n  dlameter, begln t o  r o l l  or vlbrate wlth Increasing ln tens l ty  u n t i l  they 
leave the surface as i f  le ected. These part lc les r l s e  almost vert lcal ly,  

angle o f  6 t o  12 degrees fran the horlzontal. After s t r fk lng  the surface, the 
part lc les el ther rebound and continue on t o  s t r i ke  the surface again or they 
Impart  t he l r  energy t o  other part lc les causlng those par t lc les t o  be ejected 
or t o  r o l l  along the sui*face. The process of  bounclng across the surface Is 
cal led saltatlon. Wlnd tsroslon contlnues only when sa l ta t lon slze part lc les 
are present on the surf4i:e. 

t ravel  10 t o  15 times thle i r helght o f  rlse, and return t o  the surface wlth an 

The r o l l l n  or t l l d l n  81' par t lc les along the surface, which Is drlven by the 
sa l ta t lon 3 low, 1s ca 9 lctl surface creep. 

The 1 act of the saltatling par t lc les generates addltlonal sal tat lng part lc les 

suspended by the wlnd's addles and be carr led t o  great helghts. These 
suspended partlcles, whl'le on1 a small percentage of the t o t a l  moved by wlnd 

as we1 7 as smaller particles, less than 0.1 nm In dlameter, whlch can becane 

eroslon, are the most spatacu f ar and can be seen a t  great distances. 
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Creep s l r e  part lc les rcrrely leave the f le ld .  Saltatlon slzed part lc les are 
deposited behlnd or a n m d  any obstacle M c h  lowers the force o f  the wlnd 
enou h so part lc les c&ii no longer be carrled. Suspension s l r e  nraterlals are 

the atmosphere. 
carr 9 ed great distances u n t l l  the wlnd decreases or r a i n f a l l  removes them from 

Wlnd eroslon sorts the! soll by r m v l n g  the most f e r t l l e  portlon, f l l l s  road 
dltches, reduces plant stands, lowers quantlty and qual l ty o f  plant yields, 
tranunlts plant dlseaws, reduces v l s l b l l l t y ,  pollfrtes the a b ,  8nd impairs 
anlmal and bunan health. 

The l a t e  W. S. Chepll 4ncorporated nearly 30 years o f  research i n t o  the 
development of the Wlncl lErosion €quatlon. The f l r s t  equatlon related the soll 
loss I n  a wlnd tunnel to  the percent s o l l  cloddlness, the amount of surface 
crop residue, m d  degrebe of surface rou hness. The present equation relates 

varlables and I s  des1 ned t o  do two functlons: 1 Oetenlne I f  a f l e l d  Is 
emlne the d l f ferent  f l e l d  

condltlons o f  cloddlness, roughness, vegetat ve cover, shelter o f  barrlers, 
f l e l d  width and orlentat ion requlred t o  reduce wlnd eroslon t o  a tolerable 
Mlount under d i f ferent  cllmates. 

the average annual soll loss fm a f l e  9 d t o  11 lndlvldual soil and climatlc 

adequately protected 9 ran  wlnd eroslon; and 2) I 
The 11 prlmary varlables that control wlnd e r o d l b l l l t y  are: 

(1) Sol1 Erodlblllty Index, I ,  the 

surface under the cllmtlc condltlons I n  the v l c l n l t y  o f  Garden Ctty, Kansas. 

(2) Knoll Emdlb l l l ty ,  Is, accounts f o r  the ef fect  of windward slopes of less 
than 500 feet  I f  a knoll exists I n  the f le ld .  

t en t l a l  soll loss I n  tons per acre per 
annun f ran  a wide, unsheltered, lso P ated f l e l d  wlth a bare, smooth, noncrusted 

(3) Surface Crust Stabl l l ty ,  Fse Is the raethanlcal t t a b l l l t y  o f  the crust. 

(4) Sol1 Rldge Roughneee, Kr, i s  the roughness of the soll surface caused by 
ridges and furrows. 0- .  

5) Veloclty of Erosivo Wlnd, v, I s  the mean average wlnd speed corrected t o  i o  feet. 

(6 Sol1 Surface hlstuire, ?I, accounts fo r  the reslstance of  s o l l  molsture on 

(7) Olstance Across Fle'ld, &, 1s the dlstance across the f l e l d  measured along 
the preval l l n g  wlnd ereiilon dlrectlon. 

8) Sheltered Olstance, be I s  the dlstance along the preval l lng wlnd eroslon 6 l rec t l on  that I s  shellwed by a barrler. 

so 1 1 p a r t l c l e  movement, 
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(9) Quantlty of Vegetcltfve Cover, R' ,  i t  the mount of surface crop resldue I n  
pounds per acre. 

(10 Klnd of Vegetatlw Cover, S, f s  the factor descrlblng the total cross- 
sec I lonal area of  the negetatlve mater ld.  

(11) Orlentatlon of Vegetative Cover, KO, Is the vegetatlve roughness factor. 

Because o f  the nature of the relat lonshlp between E and the 11 varfables, the 
present Wind Erosion Equation canblnes I and Is I n to  I; v and ll In to  C; D t  and 
ob Into I; and R', S, crmd KO I n to  V. 
new equatlon looks l lke! this: 

Fs IS Ignored and Kr becomes K so the 

E f (I,K,C,L,V) 
where: € = Potential uverage annul sol1 loss 

I Soi l  e rod l t r l l l t y  
K = Rldge roughness factor 
C = Local c l lmst lc  factor 
11  Fie ld  wldth 
V = €quivalent lquantlty of vegetatlve cover 

The I n f o m t l o n  needed to solve the q u a t l o n  fo r  a part lcular f l e l d  are the 
' percent of aggregates h r g e r  than 0.84 twn I n  diameter, he1 h t  and spacing o f  

ridges, wldth o f  f ie ld ,  hetght of barr ier  I f  present, and zi lnd, ordentation, 
and amount o f  residue. T h i s  Information plus the proper maps, graphs, and 
tables are used t o  solwir for  E I n  f i v e  steps. The equatlon can also be solved 
using a speclal s l ide  rule, a computer program, or computer generated tables. 
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