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Estimations of Wind ~rodibility of ~ i e l d  Surfaces 
W. S. CHEPIL AND N. P. WOODRUFF 

Three major factors influence erosion of soil by wind: surface roughness, regetatire corer, 
and degree of soil cloddiness. T h e  authors indicate how these factors can be measured, how 
erodibility of a cultivated field surface can be  determined, and whot degree of surface rough- 
ness, vegetative corer, or soil cloddiness would be  needed to reduce erosion to any degree. 
They believe that the guide presented in this paper can be used in helping the soil conserva- 
tionist to determine what practices can or cannot be used to control wind erosion on different 
soils. 

THIS PAPER PRESENTS a method to estimate 
relative susceptibility of field surfaces to erosion by 
wind or, conversely, to evaluate the effectiveness of crop 
residues and tillage practices in reducing erosion. T h e  
method for estimating erodibility has been developed 
from results obtained with a portable wind 
tunnel and accessory equipment described in previous 
publications (7, 8) .  

Three major factors appear to govern the erodibility 
of a land surface. These are the dry  soil structure, 
surface roughness, and crop residue on the soil surface. 
All three can be measured or  estimated. There are, of  
course, other factors-perhaps the most important are 
surface barriers and the size, shape, and topographic 
layout of a field. Also, the presence or absence of a 
surface crust is an  important factor; however, no tech- 
nique has been found to measure it successfully. De-  
spite such limitations, results of field studies have pro- 
vided the background for making approximate estimates 
of erodibility of field surfaces from the three major 
factors. ~ h e s e  estimates are tools for a better under- 
standing of wind erosion and for determining more 
conclusivelv how it may be controlled best. 

Some of the objectives and reasons for estimating 
the erodibility of farm fields are: (a)  to determine 
probabilities of wind erosion in the near future or dur-  
ing the next windy season so that some warning may 
be given in advance, (b)  to determine the degree of 
surface roughness and/or soil cloddiness requ~red in an  
- - -- 
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emergency control program to supplement the amount 
of vegetative cover available on the land, and (c) to 
determine effectiveness of crop residues and tillage prac- 
tices in providing protection against wind for different 
soils and physical conditions of the soils. 

Determining Surface Roughness 

T h e  rougher the surface the greater is its tendency 
to lower the surface velocity of the wind and to reduce 
the movement of soil by wind. T h e  degree of surface 
rough;less depends on height, length, density, and 
quality of vegetative cover and on size, shape, and 
lateral frequency of clods, ripples, and ridges. I t  is 
extremely difficult to determine surface roughness by 
measuring these surface obstructions. For this reason 
a "ridge roughness equivalent" based on the height of  
ridges composed of fine gravel 2 to 6.4 mm. in diameter 
and having a height-spacing ratio of 1:4 was devised. 
For example, if the ridge roughness equivalent is four 
inches, the surface has a roughness and resists wind to 
the same degree as gravel ridges four inches high and 
16 inches apart at  right-angles to the direction of the 
wind. 

Meas?-iring ridge roxghness equivalents without a wind 
tunnel is virtually impossible, but  estimates can be made 
with reasonable accuracy from photographs of different 
field roughness for which the ridge roughness equivalent 
is known. Photographs have served as a standard guide 
for visual estimation of ridge roughness equivalent of 
field surfaces. These standard photographs are given 
in figure 1 with a number beside each photograph re. 
ferr:ng to ridge roughness equivalent, designated by K, 
in inches. T h e  amount of crop residue, R, above the 
surface of the ground also is indicated as supplcmen- 
tary data in each case. 

~ . ~ . ~ . ~ . - ~ ~ r r i r r l t r c r j l  kcscarcl, S c r ~ i c c ,  Soil and TVatcr Con- 
jersrltior~ RcscarcI) Er~nc l i .  C 0 0 ~ C r ~ t l l ~  Rescdrch in the tnc- Figure [.--Guide for visual estimation of ridge roughness 
ihanics of ri,rnd zrosior~. cquivalcnc of held surfaces with the aid of 18 phorographs. 

Gralcfrrl crci~lon~/rdgcrnr,lt r i  madc by [lie authors to  A. II:. T h e  ridge roughness equivalent K is in inches. The amount 
Z111gg for ~ot l t rr l~r~ria~ls  to thrs studp 'znd for his part in dc- ot' crop residue R above the surface of the ground is in pounds 
~ e l o p r ~ ~ g  and cotlstrrr~-/ltlg a rotor\ I w ~ d  srcw herein described. per acre. The photos are shown on the followinS six pages. 



K = 2.0 inches 

Loose surface of loamy 
sand with some grass. 

K = 2.0 inches 

Smooth surface with very 
sparse sorghum stubble. 

K == 2.5 inches 

Smooth surface with very 
short, thin sorghum stubble. 



K = 1.0 inch 

Loose blowing sand virtu- 
ally bare and smooth. 

K = 1.5 inches 

Smooth fallow suriace beat- 
en down by rain, virtually 
bare. 

K = 1.6 inches 

Good wheat residue cover, 
flattened down with one- 
way disc. 



K = 4.0 inches 

Recently plowed land, clod- 
dy and moderately rough 
surface. 

K = 4.3 inches 

Cotton, machine stripped. 

R = 1,090 Ibs./acre 

K = 4.35 inches 

Sorghum stubble cut with 
binder 5 to 7 inches high, 
40-inch rows. 



260 JOURNAL OF SOIL AND WATER CONSERVA~ON 

K = 2.6 inches 

Semi-deep f u r r o w drill 
ridges with some wheat 
stubble. 

K = 3.2 inches 

Good stand of growing 
wheat about 3.5 inches 
high, slightly ridged by 
drill. 

K = 4.0 inches 

Heavy combine wheat stub- 
ble partly flattened bv one- 
way disc. 



K = 8.5 inches 

Heavy sorghum stubble (011 
irrigated land),  thick and 
leafy, cut 8 to 10 inches 
high, 40-inch rows. 

K = 10.1 inches 

Listed, with little or no resi- 
due on top. 

K = 12.5 inches 

Irrigated milo combined for 
grain, leaving 16- to 18- 
inch stubble as shown on 
extreme right. Rest of photo 
is irrelevant. 



K = 4.4 inches 

Wheat  stubble combined 8 
to 10 inches high. 

K = 4.6 inches 

Chiseled sorghum stubble 
with some large clods; con- 
siderable drifting. 

K = 6.3 inches 

Sor3hum combined 10 to 
13 inches high, 40-inch 
rows. 



of residue is applied to the surface of this same field, 
making a total residue amount of 2,000 pounds per acre 
which increases the ridge roughness equivalent to 5.0 
inches. The alignment chart now shows the erodibility 
to be 0.9 ton per acre, which is a substantial reduction 
from the original condition. The  effectiveness of stub- 
ble and other crop residue grown on the land could be 
measured in the same manner. 

The alignment chart may also be used to measure 
the effectiveness of tillage practices, such as listing or 
chiseling to provide protection from the wind. The  pro- 
cedure in this case would be to carry out the practice, 
determine the percentage of nonerodible fractions in 
the worked soil, measure the residue, estimate K, and 
thus determine the erodibility from the chart. If a previ- 
ous estimate had been made before working, the effect 
of the tillage could be evaluated. For example, assume 
a soil with a ridge roughness equivalent of 1.0 inch, a 
residue amount of 200 pounds per acre, and 17 per 
cent nonerodible fraction. The  erodibility as determined 
from the chart would be 25 tons per acre. Let us assume 
that this same soil is worked with a lister and it in- 
creases the nonerodible fraction to 52 per cent, increases 
the ridge roughness to 10 inches, and buries 100 pounds 
per acre of residue leaving only I00 pounds per acre. 
The chart now shows the erodibility to be 0.25 ton per 
acre; thus, the lister through the process of increasing 
the nonerodible fractions and increasing the surface 
roughness has reduced the erodibility from a very high 
amount to an insignificant amount. 

Interpretation and  Limitation of Estimations 

A wind erosion classification based on the relative 
erodibility values of figure 3 may be made as follows: 

< 0.25 1 Insignificant 
L 

Erodibility i 
value 

I Erodibility ' Basis of classification 

* Soil is sufficiently protected 
( by clods, ridges, or vegetative 
,cover to make it essentially 
I 

0.25 to 5.0 1 Slight to 
/ moderate 

> 5.0 ; High to very 

i high 

nonerodible. 
Soil is only partly protected 
from erosion. 
Soil is highly erodible and its 
surface is virtually unpro- 
tected from wind. 

Erodibility values of figure 3 serve merely as a rela- 
tive measure of wind erosion. A tunnel different from 
the one on which these erodibility values are based, no 
doubt, would produce different nmounrs of erosion even 
undcr apparently the same wind force. The measured 
amounts of erosion are based on a drag of 3.000 ~ o u n d s  

Figure 3.-Allignment chart for soil erodibility by wind. 

per acre. Relative values of erodibility would change 
little if a different drag were used. The amount of soil 
eroded under the same atmospheric wind force in the 
field also varies, depending on dimensions of the field, 
geographic location, and many other factors. Conse- 
quently, the actual amounts of soil moved by wind in 
a tunnel or in the field have little significance unless 
all the conditions that influence erosion are specified. 

The  present estimations are based on average results 
obtained from tests on some 88 farm fields covering a 
wide range of soil textures, soil surface conditions, and 
residue amounts. They are applicable to fields having 
roughness, residue, and cloddiness falling within the 
limits shown on the alignment chart. These conditions 
can be evaluated by procedures outlined in this paper. 
Some field experience might be necessary for making 
reliable estimations of these conditions, especially where 
visual estimations are used. 
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Figure 2.-Rotary can be gauged by keeping an eye on the second hand of 
hand sieve for use a watch while turning. 
in the field. The 5. The number of turns for sand, loamy sand, and sandy 
cylindrical sieve is loam is  five; for loam, silt loam, clay loam, and silty clay 
20 inches long and loam, ten; for silty clay and clay, 15. 
8 inches in diame- T h e  soil remaining in the sieve is weighed and ex- 
ter mounted eccen- pressed in percentage of total weight of soil. 
trically on a crank 
rod resting on a Determining Erodibility or Conditions 
support base. The 
sieve has square Required to Prevent Erosion 
openings 0.84 rnm. Field studies during the past five years to evaluate 
in diameter. One-half inch metal screen is wrapped around erodibility of farm fields (4, 5 ,  9, 10) have indicated 
it for support. the following average relationship: 

Determining Crop Residue I 
Three one-square meter samples of crop residue se- X = 491.3 

lected a t  random appear sufficient in most cases to rep- (W 0.s3s 

resent an  average amount over the land. T h e  residue where = of  erosion in tons Per acre- 

on or above the surface is raked or cut off level with I = soil erodibility index based on percent- 

the ground and together with whatever soil may cling age of surface material greater than 

to it is placed in a tray or sack and labeled. T h e  residue 0.84 mm. in diameter. 

is brought to the laboratory, washed thoroughly on a R = amount of crop residue in pounds per 

1.68 mm. screen, dried in a n  oven, and weighed. T h e  acre. 

weights are then expressed in pounds per acre. K = ridge roughness equivalent in inches. 

It is believed that, where facilities are lacking, the The alignment chart shown in figure 3 permits a 
amounts of residue may be estimated visually in a man- convenient g r s p l ~ i ~ u I  solution of this equation and is all 
ner similar to that used for determining the ridge rough- that is required for soil from de- 
ness equivalent. Standard photographs indicating differ- termined conditions of soil cloddiness, surface rough- 
ent amounts and kinds of crop residue would facilitate ness! and residue. Values of I are replaced by 
the estimates. corresponding percentages of nonerodible soil fractions 

Determining Soil Cloddiness ( t lble 7 O F  reference 4 ) .  Erodibility is read from the 

A nonerodible soil fraction greater than 0.84 mm. in c h x t  as follows: A straightedge is passed through the 

diameter, as determined by dry sieving, has been used 
percentage value of noncrodible fraction greater than 

successfully as an indicator of erodibility of soil by 
0 3 4  nim. on line AB and through the value of RK 

wind (1, 6) .  Although this fraction is not the only 
(the product of residue in pounc!s per acre and ridge 

factor that influences erodibility, it is by far the most 
roughness equivalent in inches) on line EF. T h e  erodi- 
bility value corresponding to these conditions lies a t  the 

important. A technique for sampling the soil and siev- 
ing it on an  automatic rotary sieve has been described 

po'nt where the straightedge crosses line CD. Thus ,  
let it be assumed that  the proportion of nonerodible 

previously (2, 3 ) .  
A simple hand-rotating sieve, such as that shown in so!l fraction is 17 per cent and the product RK is 1,500; 

figure 2, may be used conveniently in the field. T h e  
then erodibility read from line CD is 4.5 tons per acre. 

results of seiving depend somewhat on soil moisture, This  example is shown by a dotted linc in figure 3. 

size of sample, speed of turning, and number of turns. 
T h e  alisnment chart can be used similarly to deter- 

m'nc [he esect  of given amounts of residue in reducing 
These factors must remain constant if results of sieving 

erosion. T h e  procedure for doing this would be to de- are to remain comparable to those obtained with the 
term'ne the noncrodible Fractions by sieving, measure 

automatic rotary sieve. T h e  following conditions are 
adhered to when using the hand-rotating sieve: 

the n m o m t  of residue alrcadv on the field, then a p p h  

The sod is sieved onlv when it is rcnsonablv drv. If not a ~ ; v c n  2.moxnt of additional residue and determine the 
, , 

dry, the soil rnav be brought into the laboratorv, dried, rl?gc.l.oupl:ness K from the photographs. For example, 
and then sieved. cssumt. a field has a soil surface containing 17 Der cent " L 

The soil to be sieved is nkcn down to the same deprh in noncrodible fractions, 200 pounds of residue per acre, 
all compnrable cases. For estimating erodilrility, a layer 
from surface abnut I inch deep is taken. and a ridge roughness equivalcnt of 2.0 inches. T h e  

Weight of salnple sicvcd 1s four pounds (1.812 grams). a l i ~ n n w n t  chart shows the erodibility to be 14 tons per 

Speed of turning is rwo rums per five seconds. The speed acre. Now further assume that 1,S00 ~ o u n d s  per acre 
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COWARISUN OF ESTIMATED 'XSTH NATURAL WI2TD 
ERODIBILITY UF FIELD SURFACES 

During 1954 and 1955 wind e r o d i b i l i t y  was estimated from s o i l  

c loddiness,  amount of res idue ,  and roughness of  su r face  on 55 s i t e s  

r ep resen t ing  a s  many f i e l d s  in western !Cansas and eastern Colorado. 

Amount of n a t u r a l  erosion a l s o  was determined f o r  each s i t e .  Tho 

purpose of t h i s  s tudy was t o  check t h e  v a l i d i t y  of es t imat ions  of wind 

e r o d i b i l i t y  of f'icld su r faccs  according t o  t h o  mcthod described in tho  

accompanying publ ica t ion ,  Thc amount of c ros ion  on each s i  t o  was 

o s t i m t c d  e a r l y  in hilarch md again l a t o  in Apri l .  Thc amount of c ros ion  

was dctcnnincd f r o m  the  cst imatcd avcragc dopth  of s o i l  rcmovcd from cach 

s i t 0  convcrtcd to. tons pcr  m r c  on thc  b a s i s  of 2 mil l ion  pounds of 

s o i l  p e r  6-inch dcpth por  acre.  

S o i l  accumula t i o n s  on su r faccs  covcrcd wi th  vcgcta t ion  or vcgc ta t ivc  

m t t c r  were dcsignatcd a s  such cad t h c  amount of ~ r o s i c n  in  such coscs 

was considerod zcro cvcn if scm of t h c  accumulaticn wcs mevcd by wind 

l a t c r  in thc  season. 

The avcragc c o q u t c d  c r o d i b i l i t y  m d  t h c  amounts of n a t u r a l  c r ~ s i o n  

nn 3 major grcups of s o i l  arc shclwn in t a b l c  1. Cnmputcd c r o d i b i l i t y w n s  

lower on sand m d  loamy scad, a b w t  equal on sandy lean,  and highcr  on s i l t  

lclnm and silty c lay  lonm than tho n a t u r a l  m o u n t  o f  e r o s i m  a t  thc  t i m c  

of computatim. The sprcad bolxccn crmputcd a d  n a t u r a l  ornsion boccmo 

oven g rcz tc r  latcjr  in thc  s c a s m  -- t h c  s m d  2nd l c L q  sand boocming much 

more crodib lc ,  thc  s m d y  l c m  cons iderably  mprc  crcdiblc, and tho  

hu-d lmds  rcnain ing  ?.bout cquz l ly  c rod ib lz ,  I t  vrrs  cv idcnt  from 



thcso r o s u l t s  t h a t  s m d y  s c i l s ,  m c c  "brckcn looso" by n a t u r a l  orosion, 

bocnrno m r o  crodiblo as tho  aoasm p r ~ g r o s s o d ,  uhorcas tho hardlands 

tondod t o  bccrmo s t n b i l i z c d ,  c i t h c r  by incronscd vogctntivo g r w t h  o r  by 

ronoval ef  looso s c i l  m t c r i a l  cn tho surfaco of t h c  ground. 

-- 

It i s  ovidcnt that m o  importnnt f a c t o r  influencing o r ~ d i b i l i t y  has 

n o t  bocn rccognizcd in  c s t i m t i c n s  ~f c r r d i b i l i t y  cf f i c l d  surfacus.  

Thoso o s t i m t i c n s  a r c  basod cn rcsralts cf wind tunncl  tos t s .  Thc wind 

tunnol cvidcntly noasurcd p r i n a r i l y  tho ancunt of looso s ~ i l  m t c r i a l  

t h a t  was blovm off undcr a c c r t a i n  wind. Due t o  r c l c t i v c l y  s h c r t  longth 

af tunnol, thc  o r ~ d i b l c  s c i l  m t o r i a l  was blown o f f  the  t c s t  a rea  without 

causing nn apprcciablc m-punt of abras icn  cnd mvomcnt of the r c s t  ~ f  tho 

s o i l .  E r ~ s i o n  cecscd as s r r n  as tho looso r c t c r i c l  was blovm cff.  This 

soldon happens i n  tho  f i c l d ,  ospcc ia l ly  i f  thc s ~ i l  is  sandy and sub jcc t  

t o  d i s i n t c g r a t i c n  by thc  cu t t ing  ac t ion  of l c c s c  m t c r i a l .  In thc  f i c l d ,  

onco c rns i rn  s t c r t s  it usua l ly  continuos and a c t u a l l y  incrcascs in 

Tablc l.--C~mputcd credibility and amcunts of n a t u r ~ l  
orosion on throo m j a r  grcups of s o i l  in 
19% m d  1955. - 

F '1 .. .. . 
Cmputcd J haunt -df 6FosWn'- 

I 
S o i l  c l a s s  

Smd and 
l o m y  sand 

S a d y  loam 

S i l t  loan, 
s i l t y  c lay  10% 

credibility 
Earch 15 

t o n s p c r o  

3 e 2 8  

0.89 

0.22 
i 

A t  t i n o  of  
crnputing 
t r n ~ , , ~ a c r o  

.* 5.0 

0.89 

0.17 

Abcut 
Apri l  30 
t rns /acrc  

25 e o  

2e72 

o .22 



intcnai ty  with d i r  t a c o  acrcss t h c  f l c lS  a:! w i t h  oach subscqucnt *:rir,Z. 

The effects of abrasion are n p ~ r e c i a b l e e  Looas r a t e r i a l  t rave ls  long 

ciiotanoes aad cuts into the surfaoe a rus t  and alods thereby areating r a re  

and more erodible material vrhioh in turn i s  aarried by the wind. The sands 

are most susaeptible t o  th i s  cumulative abrasive aetion because they do not  

have moh fine material t o  oemnt  the  grains together. The surfeoe m u s t  

in aand i s  v i r tua l ly  non-existant and clods are exceedingly f r ag i l e  and 

dis in tegra te  readi ly  under abrasion. Next in order of rssietance t o  

abrasion are the lomy sands, then come the  aandy loans, and then the loam,  

s i l t  loam, and a$.lty olay loamso The l a t t e r  group of so i l s ,  which o o m t i t u t e  

m s t  of t he  " h a r d ~ ~ d s "  a re  probably the most r e s i s t a n t  to the  abrasive 

a o t i m  of rrind a;osiopp The$r r e s i s t an re  i s  due t o  ease with nhich they a re  

dispersed by water and t h e i r  t m d m o y  t o  form a wind-resistant surface orus t  

a f t e r  they a re  vetted and dried. The amount of na tura l  erosion increased 

over the estimeted arrnunt inversely with the fineness of s o i l  texture. 

So i l  olam based on texture, therefore, serves as an index of 

resistenoe of olode and surface c r u s t  t o  dieiategrat ion by wind erosion. 

2rad ib i l i t y  afl aomputed from the  proportion of nonerodible olods, roughness 

of aurfaoe, and amount of orop reaidue may be oorreoted t o  aotucl e rod ib i l i t y  

motely by multiplying the aomputed e rod ib i l i t y  by an appropriate faotor  

applicable t o  each s o i l  claes.  The aorreation faotora f o r  some of the 

mjar s o i l  group6 ere given in table 2. The faatorr  are based erbitrarily 

on the average anmats of na tura l  erosion ooourring near the  beginning and 

the end of  t h e  blowing ssaaana of 19% and 1955. These faotors mean l i t t l e  



Table 2,- C ~ r r c c t i ~ n  f n c t c r s  f o r  conputcd o r ~ d i b i l i t y  
of n a j ~ r  s a i l  c l a s s c s .  

as abso lu to  values.  D i f f c r c n t  sccsons n o  d o u b t w n u l d  g i v c  d i f f c r c n t  f a c t o r  

va luos  doponding on d i f f c r c n c c s  in s c v c r i t y  of vdnd and o t h e r  cond i t i ons ,  

\ 

But t h o  r c l a t i v c  va lucs  of c r o d i b i l i t y  a r c  cxpcctcd t o  r cna in  t h o  sanc. 

Thus, if i n  o tho r  yoars  t h c  o o r r c c t i o n  f a c t o r s  should bc doublc  in va luc  

t o  t hose  f o r  1954 and 1955, t h o  r c l a t i v o  va luos  of o r o d i b i l i t y  would s t i l l  

rcmain t h c  sano, Thc s ,uc  a p p l i c s  t o  s o i l s  of d i f f c r c n t  rcg ions .  It 

would n o t  bo f a i r  t o  comparo tho amount o f  n a t u r a l  o ros ion  of a s i t o  in 
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ono rogion wi th  t h a t  i n  ruiothcr r eg ion  whcrc c l i m a t i c  aondi t ions  a r c  
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d i f f o r c n t ,  but  t h c  r c l a t i v o  o r o d i b i l i t y  of s i t o s  having t h e  s ane  c loddincss ,  

amounts of res idue ,  roughness of sur fnco ,  and s o i l  t e x t u r o  w i t h i n  any 

r o g i m  t h a t  has uniform c l i m a t i c  conc!itions should r cna in  t ho  sano. The 

c l i r a t i c  ccnd i t i cns  i n  wes t e rn  Kansas and c a s t e r n  C ~ l o r a d o  whcro t h i s  

s t u d y  was conductcd wore f a i r l y  u n i f o r r ,  though a d n i t t o d l y  sooc dcgrcc of 

variation cxistcd. 

I t  i s  s h m  in t h i s  s t u d y  t h a t  t h c r o  a r o  a t  l o a s t  4 m j o r  f a c t o r s  

affecting wind c r o d l b l l i t y  rf f i c l d  e v r f a a c s  and t h a t  t h o  t unnc l  i s  



oapablo of assoesing tho rolbtivo offocts of tho th too  of thorn. I t  

should not bo conetruod that tho tunno1 ha8 failed in its  applicaticn 

far noamring orodib i l i ty  of f i o l d  surffaccs. On tho ccntraty, tho 

tunnol has sorvod aa an indisponsiblo tcc l  for this purposo. 


