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Part 502

Subpart502A  Introduction

502.00 Overview

Part 502 presents Natural Resources Conservation Service
(NRCYS) policy and proceduresfor estimating wind erosion.
It explains the Wind Erosion Equation (WEQ) and provides
guidance and reference on wind erosion processes, predic-
tion, and control. NRCS technical guidance related to wind
erosion conformsto policy and proceduresin this part.

Thispart will be amended as additional research on wind
erosion and its control is completed and published. The na-
tional agronomist isresponsible for updating this chapter
and coordinating wind erosion guidance with Agricultural
Research Service (ARS).

NRCS cooperating scientists may supplement thismanual.
However, appropriate supplements prepared by cooperating
scientists are to be submitted to the national agronomist for
review and concurrence before issuance. State supplements
areto be reviewed and approved by the national agronomist
before being issued to field offices.

Understanding the erosive forces of wind is essential to the
correct use of the Wind Erosion Equation and interpretation
of wind erosion data. NRCS predicts erosion rates, assesses
potential damage, and plans control systemsfor wind
erosion.

The Agricultural Research Service has primary responsibil-
ity for erosion prediction research within the U.S. Depart-
ment of Agriculture (USDA). Wind erosion researchis
conducted by the Wind Erosion Research Unit at Manhat-
tan, Kansas, and the Cropping Systems Research Unit at Big
Spring, Texas.

Wind Erosion

Subpart502B  Winderoson

502.10 Thewind eroson problem

Wind isan erosive agent. It detaches and transports soil
particles, sortsthe finer from the coarser particles, and
depositsthem unevenly. Loss of thefertile topsoil in eroded
areas reduces the rooting depth and, in many places, re-
duces crop yield. Abrasion by airborne soil particles dam-
ages plantsand constructed structures. Drifting soil causes
extensive damage also. Sand and dust in the air can harm
animal's, humans, and equi pment.

Somewind erosion has always occurred as anatural land-
forming process, but it has become detrimental asaresult of
human activities. Thisaccelerated erosion isprimarily
caused by improper use and management of theland
(Stallings1951).

Few regionsare entirely safe from wind erosion. Wherever
the soil surfaceisloose and dry, vegetation is sparse or
absent, and the wind sufficiently strong, erosion will occur
unless control measures are applied (1957 Y earbook of
Agriculture). Soil erosion by wind in North Americais
generally most severein the Great Plains. The NRCS
annual report of wind erosion conditionsin the Great Plains
showsthat wind erosion damagesfrom 1 million to more
than 15 million acres annually, averaging more than 4
million acres per year in the 10-state area. USDA estimated
that nearly 95 percent of the 6.5 million acres put out of
production during the 1930’ s suffered serious wind erosion
damage (Woodruff 1975). Other major regions subject to
damaging wind erosion are the ColumbiaRiver plains;
some parts of the Southwest and the Colorado Basin, the
muck and sandy areas of the Great L akes region, and the
sandsof the Gulf, Pacific, and Atlantic seaboards.

In some aresas, the primary problem caused by wind erosion
is crop damage. Some crops are tolerant enough to with-
stand or recover from erosion damage. Other crops, includ-
ing many vegetables and specialty crops, are especially
vulnerable to wind erosion damage. Wind erosion may
cause significant short-term economic lossin areaswhere
erosion rates are bel ow the soil losstolerance (T) when the
crops grown in that areaare easily damaged by blowing soil
(table502-4).
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502.11 Thewind erosion process

Thewind erosion processis complex. It involves detaching,
transporting, sorting, abrading, avalanching, and depositing
of soil particles. Turbulent winds blowing over erodible
soils cause wind erosion. Field conditions conducive to ero-
sioninclude

 loose, dry, and finely granulated soil;

» smooth soil surfacethat haslittle or no vegetation

present;
 sufficiently large area susceptibleto erosion; and
 sufficient wind velocity to move soil.

Winds are considered erosive when they reach 13 miles per
hour at 1 foot above the ground or about 18 miles per hour
at a30foot height. Thisis commonly referred to asthe
threshold wind velocity (Lylesand Krauss 1971).

The wind transports primary soil particles or stable aggre-
gates, or both, inthree ways (fig. 502-1):

Saltation—Individual particles/aggregatesranging from 0.1
to 0.5 millimeter in diameter lift off the surface at a 50- to
90-degree angle and follow distinct trgjectories under the
influence of air resistance and gravity. The particles/aggre-
gates return to the surface at impact angles of 6to 14
degrees from the horizontal. Whether they rebound or
embed themselves, they initiate movement of other par-
ticles/aggregatesto create the avalanching effect. Saltating
particles are the abrading bullets that remove the protective
soil crustsand clods. Most saltation occurs within 12 inches
above the soil surface and typically, the length of asaltating
particletrgjectory isabout 10 timesthe height. From 50 to
80 percent of total transport is by saltation.

Figure502-1
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Suspension—Thefiner particles, lessthan 0.1 millimeter in
diameter, are dislodged from an eroding area by saltation
and remain inthe air mass for an extended period. Some
suspension-sized particles or aggregates are present in the
soil, but many are created by abrasion of larger aggregates
during erosion. From 20 percent to more than 60 percent of
an eroding soil may be carried in suspension, depending on
soil texture. Asageneral rule, suspension increases down-
wind, and on long fields can easily exceed the amount of
soil moved in saltation and creep.

Surface creep—Sand-sized particles/aggregatesare set in
motion by theimpact of saltating particles. Under high
winds, the whol e soil surface appearsto be creeping slowly
forward as particles are pushed and rolled by the saltation
flow. Surface creep may account for 7 to 25 percent of total
transport (Chepil 1945 and Lyles 1980).

Saltation and creep particles are deposited in vegetated
strips, ditches, or other areas sheltered from the wind, as
long as these areas have the capacity to hold the sediment.
Particlesin suspension, however, may be carried agreat
distance.

Therate of increasein soil flow aong the wind direction
varies directly with erodibility of field surfaces. Thein-
creasein erosion downwind (avalanching) is associated
withthefollowing processes:

« theincreased concentration of saltating particles
downwind increases the frequency of impacts and the
degree of breakdown of clodsand crusts, and

» accumulation of erodible particles and breakdown of
clods tends to produce a smoother (and more erod-
ible) surface.

Thedistancerequired for soil flow to reach a maximum for
agiven soil isthe samefor any erosive wind. The more
erodiblethe surface, the shorter the distancein which
maximum flow isreached. Any factor that influencesthe
erodibility of the surface influencestheincreasein soil
flow.

502-2 (190-V-NAM, 3rd Ed., October 2002)
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Subpart502C Estimatingwind
erosion

502.20 How, why, and by whom wind ero-
sionisestimated

Using the Wind Erosion Equation (WEQ), NRCS estimates
erosionratesto
» providetechnical assistanceto land users,
 inventory natural resources, and
» evaluatethe effectiveness of conservation programs
and conservation treatment applied to the land.

Wind erosion is difficult to measure. Wind moves across
theland in aturbulent, erratic fashion. Soil may blow into,
within, and out of afield in several directionsinasingle
storm. Thedirection, velocity, duration, and variability of
thewind all affect the erosion that occursfrom awind
storm. Much of the soil eroding from afield bounces or
creeps near the surface; however, some of the soil blown
from afield may be high above the ground in adust cloud
by thetimeit reaches the edge of afield (Chepil 1963).

502.21 Methodsof estimating wind erosion

No precise method of measuring wind erosion has been
developed. However, various dust collectors, remote and
in-place sensors, wind tunnel's, sediment samplers, and
microtopographic surveys before and after erosion have
been used. Each method hasitslimitations. Researchis
continuing on new techniques and new devices, on modifi-
cations to older ones, and on means to measure wind ero-
son.

Estimates of wind erosion can be developed by assigning
numerical valuesto the site conditionsthat govern wind
erosion and expressing their relationships mathematically.
Thisisthe basis of the current Wind Erosion Equation
(WEQ) that considers soil erodibility, ridge and random
roughness, climate, unsheltered distance, and vegetative
cover.

502.22 Thewind erosion equation

TheWind Erosion Equation (WEQ) erosion model is
designed to predict long-term average annual soil losses
from afield having specific characteristics. With appropri-
ate selection of factor values, the equation will estimate
average annual erosion or erosion for specific time periods.

Development of thewind erosion equation

Drought and wind erosion during the 19th century caused
wind erosion to be recognized as an important geologic
phenomenon. By thelate 1930’s, systematic and scientific
research into wind erosion was being pioneered in Califor-
nia, South Dakota, Texas, and in Canadaand England. This
research produced information on the mechanics of soil
transport by wind, theinfluence of cultural treatment on
rates of movement, and the influence of windbreakson
windflow patterns. The publication, The Physics of Blown
Sand and Desert Dunes, (Bagnold 1941), isconsidered a
classic by wind erosion researchers.

In 1947, USDA began the Wind Erosion Research Program
at Manhattan, Kansas, in cooperation with Kansas State
University. That program was started under the leadership
of Austin W. Zingg, who was soon joined by W.S. Cheyil, a
pioneer in wind erosion research in Canada. The research
project’s primary purposes were to study the mechanics of
wind erosion, delineate major influences on that erosion,
and devise and develop methodsto control it.

By 1954, Chepil and his coworkers began to publish results
of their research in the form of wind erosion prediction
equations (Chepil 1954; Chepil 1957; Chepil et al. 1955;
Woodruff and Chepil 1956).

In 1959, Chepil released an equation
E=IRKFBWD

where:

E =quantity of erosion

| =soil cloddiness

R =residue

K =roughness

F =soil abradability

B =windbarrier

W =widthof field

D =winddirection

Wind vel ocity at geographic locations was not addressed in
thisequation (Chepil 1959).
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In 1962, Chepil’ sgroup rel eased the equation
E= J’ (ACKLV)

where:
A = percentage of soil fractions greater than 0.84 milli-
meter.

FactorsC, K, L, and V were the same asin the present
equation although they were not handled the same (Chepil
1962). A C-factor map for the western half of the United
States was al so published in 1962 (Chepil et al. 1962).

In 1963, the current form of the equation, E= f(ICKLV)
wasfirst released (Chepil 1963).

In 1965, the concept of preponderancein ng wind
erosion forceswas introduced. See 502.34 for detailson
preponderance (Skidmore 1965 and Skidmore and Woo-
druff 1968).

In 1968, monthly climatic factors were published (Woo-
druff and Armbrust 1968). These are no longer used by
NRCS. Instead, NRCS adopted a proposal for computing
soil erosion by periods using wind energy distribution
which was published in 1980 (Bondy et al. 1980). (See
502.24.) In 1981, the Wind Erosion Research Unit provided
NRCS with data on the distribution of erosive wind energy
for the United States and in 1982 provided updated annual
Cfactors. (See exhibit 502-8.)

Although the present equation has significant limitations
(see502.23), it isthe best tool currently availablefor
making reasonabl e estimates of wind erosion. Currently,
research and development of improved proceduresfor
estimating wind erosion are underway.

The present Wind Erosion Equation is expressed as:

E= J’ (IKCLV)
where:
E = estimated average annual soil lossintons per acre
peryear
f = indicatesrelationshipsthat are not straight-line

mathemati cal cal culations
| = soil erodibility index
K = soil surfaceroughnessfactor
C = climaticfactor
L = theunsheltered distance
V = thevegetative cover factor

Thel factor, expressed as the average annual soil lossin
tons per acre per year from afield area, accountsfor the
inherent soil properties affecting erodibility. These proper-
tiesinclude texture, organic matter, and calcium carbonate
percentage. | isthe potential annual wind erosion for a
given soil under agiven set of field conditions. The given
set of field conditionsfor which | isreferenced isthat of an
isolated, unsheltered, wide, bare, smooth, level, loose, and
non-crusted soil surface, and at alocation where the cli-
matic factor (C) isequal to 100. (For details on the | factor
see502.31).

TheK factor isameasure of the effect of ridgesand
cloddiness made by tillage and planting implements. It is
expressed as adecimal from 0.1 to 1.0. (For details on the
K factor see502.32.)

The C factor for any given locality characterizes climatic
erosivity, specifically windspeed and surface soil moisture.
Thisfactor is expressed as a percentage of the C factor for
Garden City, Kansas, which hasavalue of 100. (For details
on the C factor see 502.33.)

TheL factor considers the unprotected distance along the
prevailing erosive wind direction acrossthe areato be
evaluated and the preponderance of the prevailing erosive
winds. (For detailson the L factor see 502.34.)

TheV factor considersthe kind, amount, and orientation of
vegetation on the surface. The vegetative cover is expressed
in pounds per acre of aflat small-grain resdue equivalen.
(For detailsontheV factor see502.35.)

Solving the equation involvesfive successive steps. Steps 1,
2 and 3 can be solved by multiplying the factor values.
Determining the effects of L and V (steps 4 and 5) involves
more complex functional relationships.

Stepl: E, =1
Factor | isestablished for the specific soil. | may be
increased for knollslessthan 500 feet long facing into
the prevailing wind, or decreased to account for
surfacesoil crusting, andirrigation.

Step2: E,=IK
Factor K adjusts E; for tillage-induced oriented
roughness, K4 (ridges) and random roughness, K,
(cloddiness). Thevalue of K is calculated by multi-
plying KigtimesK; (K =K gX Kp).

502-4 (190-V-NAM, 3rd Ed., October 2002)
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Step3: E, = IKC » Erosion estimates devel oped using the critical period
. 3

Factor C adjusts E, for thelocal climatic factor.

Step4: E, =IKCL
Factor L adjusts E; for unsheltered distance.

Step5: E; = IKCLV
Factor V adjusts E, for vegetative cover.

50223  Limitationsof theequation

When the unsheltered distance, L, issufficiently long, the
transport capacity of the wind for saltation and creepis
reached. If thewind ismoving all the soil it can carry
across agiven surface, the inflow into adownwind area of
thefield isequal to the outflow from that same area of the
field, for saltation and creep. The net soil lossfrom this
specific area of the field isthen only the suspension compo-
nent. This does not imply areduced soil erosion problem
because, theoreticaly, thereisstill the estimated amount of
soil lossin creep, saltation, and suspension leaving the
downwind edge of thefield.

Surface armoring by nonerodible gravel isnot usually
addressed inthel factor.

The equation does not account for snow cover or seasonal
changesin soil erodibility. The equation does not estimate
erosion fromsingle storm events.

502.24  Alternativeproceduresfor usingthe
WEQ

The WEQ Critical Period Procedureis based on use of the
Wind Erosion Equation as described by Woodruff and
Siddoway in 1965 (Woodruff and Siddoway 1965). The
conditions during the critical wind erosion period are used
to derive the estimate of annual wind erosion.

» TheCritical Wind Erosion Period is described asthe
period of the year when the greatest amount of wind
erosion can be expected to occur from afield under
an identified management system. It isthe period
when vegetative cover, soil surface conditions, and
expected erosive windsresult in the greatest potential
forwind erosion.

procedure are made using asingle set of factor values
(IKCL & V) inthe equation to describe the critical
wind erosion period conditions.

e Thecritical period procedureis currently used for
resourceinventories. NRCS usually provides specific
instructions on devel oping wind erosion estimatesfor
resourceinventories.

The WEQ Management Period Procedure was published by
Bondy, Lyles, and Hayesin 1980. It solves the equation for
situationswhere site conditions have significant variation
during the year or planning period where the soil is exposed
to soil erosion for short periods, and where crop damageis
the foremost conservation conern, rather than the extent of
soil loss. The management period procedureis described as
being more responsiveto changing conditions throughout
the cropping year but is not considered more accurate than
thecritical period procedure.

Comparisons should not be made between the soil erosion
predictions made by the management period procedure and
the critical period procedure. In other words, where a
conservation system has been determined to be acceptable
by the management period procedure and placed in a
conservation plan or the FOTG, then only the management
period procedure will be used to determine if other conser-
vation systems, planned or applied, provide equivalent
treatment.

Factor values are sel ected to describe management periods
when cover and management effects are approximately
uniform. The cropping system isdivided into as many
management periods asis necessary to describe the year or
planning period accurately. Erosive wind energy (EWE)
distribution is used to derive aweighted estimate of soil
loss for the period. The general procedureisasfollows:

» Solvefor Einthebasic equation (E = f(IKCLV))
using management period valuesfor |, K, L, and V,
and thelocal annual valuefor C.

e Multiply theannual soil lossrate E obtained from
management period val ues by the percentage of
annual erosivewind energy that occurs during the
management period to estimate average erosion for
that management period.

e Add the management period amountsfor the crop
year, or add the period amountsfor atotal crop
seguence and divide by the number of yearsinthe
seguenceto estimate average annual wind erosion.
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Exhibit 502—7ais an example of tables showing the ex-
pected monthly distribution of erosivewind energy at
specific locations. The completetableisavailablefor
downloading at

http:/iwww.wer u.ksu.edu/nr cswindpar m.doc

Exhibit 502—7b shows how these values are used in the
management period method computations. Erosivewind
energy values are entered on the form in the column identi-
fied% EWE.

Estimates for management periodslessthan 1year in
duration are often useful in conservation planning. Ex-
amplesinclude
»  When crop damage (crop tolerance) during sensitive
growth stagesisthe major concern.
*  When asystem or practiceisevauated for short-term
effects.

Stateswill usecritical period or the management period
procedure, within published guidelines, for conservation
planning. The management period procedurewill not be
used for resourceinventories unless specifically stated in
instructions. Refer to individual program manualsfor more
specific instructions pertaining to the use of the Wind Ero-
sionEquation.

Adjustmentsto the WEQ soil erodibility factor, I, can be
made for temporary conditionsthat includeirrigation or
crusts, but such adjustments are to be used only with the
management period procedure. The use of monthly prepon-
derance data to determine equivalent field width is also ap-
plicable only to the management period procedure.

502.25 DatatosupporttheWEQ

ARS has devel oped benchmark values for each of the fac-
torsin the WEQ. However, the NRCS is responsible for de-
veloping procedures and additional factor valuesfor use of
the equation. Field Office Technical Guideswill includethe
local data needed to make wind erosion estimates.

ARS has computed benchmark C factorsfor locations
where adequate weather dataare available (Lyles 1983). C
factorsused in the field office are to reflect local conditions
asthey relate to benchmark C factors. Knowledge of local
terrain features and local climate is needed to determine
how point data can be extended and how interpolation be-
tween points should be done. See 502.33 for guidance.

ARS has developed soil erodibility | valuesbased on size
distribution of soil aggregates. Soils have been grouped by
texture classesinto wind erodibility groups. Wind erodibil-
ity group numbers are included in the soil survey data base
inNASIS.

For further discussion of benchmark data supporting factor
values, refer to subpart 502D, WEQ factors.

502.26 Using WEQ estimateswith USLE or
RUSLE calculations

The WEQ provides an estimate of average annual wind ero-
sion from thefield width along the prevailing wind erosion
direction (L) entered in the calculation; USLE or RUSLE
provide an estimate of average annual sheet and rill erosion
fromthe slopelength (L) entered into the model. Although
both wind and water erosion estimates are in tons per acre
per year, they are not additive unless the two equations rep-
resent identical flow paths acrossidentical areas.

502.27 Toolsfor usingthe WEQ

Graphs and tablesfor determining factor valuesarein
Subpart 502G Exhibits.

Etables

The ARSWEROS (Wind Erosion) computer program has
produced tablesthat give estimated erosion (E values) for
most of the possible combinationsof I, K, C, L, and V. Ex-
hibit 5021 is an example. See 502.30 for procedures to
download E tables.

Use of the management period procedure can be simplified
through the use of worksheets on which information for
each management period is documented. Subpart 502F isto
include sample wind erosion computations using the Man-
agement Period Procedure.

An acceptable WEQ cal cul ator has been developed in
Microsoft Excel, and is being adapted for use in many
states. A copy of this spreadsheet can be obtained from the
NRCS state agronomist in Albugquerque, New Mexico. Ex-
hibit 502.7B shows an exampl e of this spread sheet.

Trade names mentioned are for specific information and do not
constitute a guarantee or warranty of the product by the Depart-
ment of Agriculture or an endorsement by the Department over
other products not mentioned.
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Subpart502D WEQ Factors

502.30 Thewind erosion estimate, E

Thewind erosion estimate, E, isthe estimate of average an-
nual tons of soil per acre that the wind will erode from an
arearepresented by an unsheltered distance L and for the
soil, climate, and site conditions represented by I, K, C, and
V. The equation isan empirical formula. It wasinitially de-
veloped by relating wind tunnel datato observed field ero-
sionfor 3yearsin the mid 1950's (Woodruff et al. 1976).
Thefield datawas normalized to reflect long-term average
annual erosion assuming given conditions during the critical
period without reference to change in those conditions
through the year. The estimate arrived at by using the criti-
cal period procedure for estimating wind erosion does not
track specific changes brought about by management and
crop development; nor doesit assume that critical period
conditions exist al year. The calibration procedure ac-
counted for minor changes expected to occur during a nor-
mal crop year at that timein history. The WEQ annual Eis
based on an annual C and field conditions during the critical
wind erosion period of theyear. This procedure does not
account for al the effects of management.

The management period procedure for estimating wind ero-
sion involves assigning factor valuesto represent field con-
ditions expected to occur during specified time periods. Us-
ing annual wind energy distribution data, erosion can be es-
timated for each period of time being evaluated. The period
estimates are summed to arrive at an annual estimate. Crop-
ping sequencesinvolving morethan 1 year can be evaluated
using this procedure. It also allowsfor amore thorough
analysis of amanagement system and how management
techniques affect the erosion estimate.

The new E tables can be downloaded from the WERU
server, Manhattan, Kansas. These tables can be accessed in
twoways:
» Through your WWW browser. To view, direct your
web browser to: http://www.wer u.ksu.edu/nrcs

Download the Adobe Acrobat Reader (if not already
installed on your computer) by clicking on theicon
andinstalling per theinstallation instructions. (Trade
names mentioned are for specific information and do
not constitute a guarantee or warranty of the product
by the Department of Agriculture or an endorsement

by the Department over other products not men-
tioned.) When the Adobe Acrobat Reader isrunning
on your browser you can click the PDF iconto view
and print the table. When on the WERU Web page,
copiesof thefiles can be downloaded by clicking onthe
hypertext for thefollowing:

etab.pdf for PDF or

etab.wpd (for WordPerfect) or

etab.psfor Postscript

e Through FTP—For those without aweb browser but
have FTP access, FTPto: ftp.weru.ksu.edu
go to the appropriate directory, for example
cd pub/nrcg/etables
Be surethat you are in binary mode.

To download the table format of your choice, type:
get etab.pdf for PDF or
get etab.wpd for WordPerfect or
get etab.psfor Postscript

The appropriate E tablewill download to your computer.
Exhibit 502-1 shows an example of an E table.

502.31 Soil erodibility index, |
| isthe erodibility factor for the soil onthesite. Itis
expressed as the average annual soil lossin tons per acre
that would occur from wind erosion, when the siteis:
— Isolated —incoming saltation is absent
— Level —knollsare absent
— Smooth —ridge roughness effects are absent and
cloddinessisminimal
— Unsheltered —barriersare absent.
— Atalocation wherethe C factor is100
— Bare—vegetative cover isabsent
— Wide—thedistance at which the flow of eroding soil
reachesits maximum and does not increase with field
sze
— L oose—and non-crusted, aggregates not bound
together, and surface not sealed.

Thel factor isrelated to the percentage of nonerodible
surface soil aggregateslarger than 0.84 millimetersin
diameter. For most NRCS uses, the | valueisassigned for
named soils based on wind erodibility groups (WEG). The
WEG isincluded in the soil survey databasein NASIS. If
the soil nameis not known, exhibit 502—2 can be used to
determine the WEG from the surface soil texture.
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To determine erodibility for field conditions during various
management periods throughout the year, follow the sieving
instructionsin exhibit 502—3. (Do not use this procedure to

determineaverageannual | values.)

A soil erodibility index based solely on the percentage of
aggregateslarger than 0.84 millimeters has several potential
sources of error. Some of these follow:

» Relativeerodibility of widely different soilsmay
change with achangein wind velocity over the
surface of the soil.

» Calibration of the equation is based on the volume of
soil removed, but the erodibility index is based on
weight.

» Differencesin size of aggregates have considerable
influence on erodibility but no distinction for this
influenceismadein table 1, exhibit 502-3.

 Stahility of surface aggregatesinfluenceserodibility;
large durable aggregates can become a surface
armor; less stable aggregates can be abraded into
smaller, moreerodibleparticles.

 Surface crusting may greatly reduce erodibility;
erodibility may increase again as the crust deterio-
rates (Chepil 1958).

Knoll erodibility—Knolls are topographic features charac-
terized by short, abrupt windward slopes. Wind erosion
potential is greater on knoll slopesthan on level or gently
rolling terrain because wind flowlines are compressed and
wind velocity increases near the crest of the knolls. Erosion
that begins on knolls often affectsfield areas downwind.

Adjustments of the Soil Erodibility Index (1) are used where
windward-facing slopes are less than 500 feet long and the
increase in slope gradient from the adjacent landscapeis 3

Table502-1  Knoll erodibility adjustment factor for |
—
Percent slope changein A B
prevailingwind Knall Increaseat
erosion adjustment crestarea
direction of | whereerosionis
most severe

3 13 15

4 16 19

5 19 25

6 23 32

8 30 48

10and greater 36 6.8

percent or greater. Both slope length and slope gradient
change are determined a ong the direction of the prevailing
erosivewind (fig. 502-2).

Table 502-1 contains knoll erodibility adjustment factors
for the Soil Erodibility Index |. Thel valuefor the Wind
Erodibility Group ismultiplied by the factor shownin
column A. Thisadjustment expressesthe average increase
in erodibility along the knoll slope. For comparison, column
B showstheincreased erodibility near the crest (about the
upper 1/3 of the dlope), where the effect is most severe.

No adjustment of | for knoll erodibility is made on level
fields, or on rolling terrain where slopes are longer and
slope changes are less abrupt. Where these situations occur,
thewind flow pattern tendsto conform to the surface and
does not exhibit the flow constriction typical of knolls.

Surface crusting—Erodibility of surface soil varieswith
changing tillage practices and environmental conditions
(Chepil 1958). A surface crust formswhen abare soil is
wetted and dried. Although the crust may be so weak that it
hasvirtually no influence on the size distribution of dry
aggregates determined by sieving, it can make the soil less
erodible. Theresistance of the crust to erosion depends on
the nature of the soil, intensity of rainfall, and the kind and
amount of cover on the soil surface. A fully crusted soil
may erode only one-sixth as much as non-crusted soil.
However, asmooth crusted soil with loose sand grainson
the surfaceis more erodible than the samefield with a
cloddy or ridged surface.

Table502-2
—

| adjustment guidelinesfor crusts

WEG | Max. adj. Calculated
mgt prd. |

factor 1/

Rounded
|

310
250

217 220
175 180
154
126
112
67
A
A
A
17
14
1

3

180
1
1

NOUARWNRRERR
BEIRRRRB
WWWPdAPMNPMNINNNNN
BRRELBRRY

1/ The management period adjustment to | has not been
validated by research and is based on NRCS judgment.
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Under erosive conditions, the surface crust and surface
clods on fine sands and loamy fine sands tend to break
down readily. On silt loams and silty clay loamsthe surface
crust and surface clods may be preserved, and therelative
erosion may be aslittle as one-sixth of 1. Other soilsreact
somewhere between these two extremes (Chepil 1959).

Because of thetemporary nature of crusts, no adjustment
for crusting is made for annual estimates based on the
critical wind erosion period method (Woodruff and
Siddoway 1973). However, crust characteristics may be
estimated and adjustment to | may be made for management
period estimates when no traffic, tillage, or other breaking
of crustsisanticipated. Such adjustments may be up to, but
may not exceed the percentages shown in table 502-2.

Irrigation adjustments—Thel valuesfor irrigated soils, as
shown in exhibit 502-2, are applicable throughout the year.
| adjustmentsfor irrigation are applicable only where
assigned | valuesare 180 or less.

Adjustments based on dry sieving—Temporal changesin
the surface fraction > 0.84 millimeter may be measured by
dry sieving. These measurements may be used to establish a
basisfor adjusting | for conservation planning when sieving
has been performed for each management period and for 3
years or more. The adjustment to | appliesonly to the
respective time periods when the soil surfaceisinfluenced
by changesin the nonerodible fraction. Therefore, the
adjustment is used only with the management period proce-
dure of estimating wind erosion. The procedure does
expand the applicability of the equation to amanagement
effect not previously addressed. When the | factor is ad-
justed based on the results of sieving, no additional adjust-
ment to | will be madefor irrigated fields. Adjustmentstol,

Figure502-2
I

Graphic of knoll erodibility

Deposition
occurs here

Prevailing wind
erosion direction

Knoll erodibility

adjustment applies here Compressed air flow
ét‘%
—

|

—_ >
—
——
>

Greatest erodibility

<4—Slope change occurs here

_— =
‘ 3 percent

| Windward slope 500 feet
il Ll

based on sieving, should not be used without adequate
supporting data. These adjustments reflect specific soil and
management conditions and are only applicableinthe
area(s) from which samples were obtained and in areas that
have similar soil and management conditions.

Use of adjusted soil erodibility | factor, arrived at by using
standard rotary sieving procedures, iswarranted provided it
represents soil surface conditions during the appropriate
management period. Adjustments may be made up to, but
should not exceed, limitsassigned for crusting in table
502-2.

Thel factor adjustment may be used where applicablein
determining whether an adequate conservation systemis
being followed. However, | factor adjustments are not to be
used inthe erodibility index (CI/T) when determining
highly erodibleland because thisindex isthe potential
erodibility and not an estimate of actual erosion.

Current instructionsfor the National Resources | nventory

(NRI) areto be followed. Theseinstructions do not allow

for any adjustment of the | factor. Thisensuresuniformity
between Statesand allowsfor trend analysis.

Studiesto adjust | should be made systematically and
includeall related soil in agiven area. Multiple-year soil
sieving datais required before adjustments are to be consid-
ered.

The National Soil Survey Center must review and concur in
any proposal to adjust | and arrange for laboratory assis-
tance. Adjustmentsto | must also be approved by the
National Soil Survey Center and correlated across state and
regional boundaries beforeimplementation. Any adjustment
to | must be within the framework of the existing E tables.

Surface stability—A significant limitation of the| factor is
that it does not account for changesin the soil surface over
timethat are caused by the dynamics of wind erosion. The
erodibility of abare soil surfaceisbased on the interaction
of thefollowing:

e Soilsthat have both erodible and nonerodible par-
ticles on the surface tend to stabilizeif thereisno
incoming saltation. Asthe wind direction changes, the
surfaceisdisturbed, or the wind vel ocity increases,
erosion may beginagain.

 Saltation destroys crusts, clods, and ridges by abra-
sion.

(190-V-NAM, 3rd Ed., October 2002) 502-9



Part 502 Wind Erosion National
Agronomy
Manual
» Fieldstend to become more erodible asfiner soil 502.32 Soil roughnessfactor K, ridgeand
particles, which provide bonding for aggregation, are random roughness
carried off in suspension.
« If the surface soil contains ahigh percentage of gravel K\qisameasure of the effect of ridges made by tillage and
or other nonerodible particlesthat are resistant to planting implements. Ridges absorb and deflect wind
abrasion, the surface will becomeincreasingly ar- energy and trap moving soil particles (fig. 502-3).

mored asthe erodible particles are carried away .

Desert pavement isthe classic example of surface
armoring. A surfacewith only nonerodible aggregates

exposed

the aggregates are abraded.
e A surface may bevirtually nonerodible and yet allow
saltation and creep to cross unabated. A paved high-

TheK, valueisbased on astandard ridge height to ridge
spacing ratio of 1:4. Because of the difficulty of determin-
ing surface roughness by measuring surface obstructions, a
standard roughness calibration using nonerodible gravel
ridgesin awind tunnel was developed. Thiscalibration led
to the development of curves (fig. 502—4 and exhibit 502—

to thewind will not erode further except as

way isan example. Other surfaces may berelatively

stable and trap some, or all, of ztheincoming soil

flow. Examples of thistype of stability usually relate Figure502-3  Detachment, transport, and deposition on ridges
to some roughness, sheltering, or vegetative cover. A e andfurrows
ridged field may trap asignificant portion of the

incoming soil flow until the furrowsarefilled and the

Zone of removal

surfacelosesitstrapping capability. A vegetated -
barrier will provide asheltered areadownwind until \)’ S Zomeof
L . . accumulation
the barrier isfilled with sediment. / Aren of f X
ea Ol Iorwart
K_, movement
e Area of backward =
| and downward
movement
Figure502—4 Chart to determine soil ridge roughness factor, Kyq from ridge roughness, Ky, (inches). Only this chart, representing an
e angle of deviation of 0°, will be used for the WEQ critical period procedure. When using the management period
procedur e, see exhibit 502—4 for graphs representing additional angles of deviation. Note: Thisgraph represents erosive
wind energy 60% parallel and 40% perpendicular to the prevailing erosive wind. —Hagen 1996
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Soil ridge roughness K, (inches)
Kr=4(hxh)/s h=ridge height in inches s=ridge spacing in inches
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4) that relate ridge roughness, K, to asoil ridge roughness
factor, K,q, (Skidmore 1965; Skidmore and Woodruff 1968;
Woodruff and Siddoway 1965; and Hagen 1996).

The K, curves are the basis for charts and tables used to

determine K q factor valuesin the field (exhibits 5024 and
502-5). The effect of ridges varies asthewind direction

and erodibility of the soil change. To take into account the
changeinwind directions across afield, we consider the
angle of deviation. Theangle of deviationistheangle
between the prevailing wind erosion direction and aline
perpendicular to therow direction. The angle of deviationis
0 (zero) degreeswhen the wind is perpendicular to the row
and is 90 degrees when thewind is parallel to the row.
Following is an example of how the angle of deviation
affects K,q values: when evaluating a soil with an assigned |
value of <134, and the prevailing erosivewind direction is
perpendicular to ridges 4 inches high and 30 inches apart,
then Kyq s 0.5. But when the prevailing erosive wind
directionisparallel to thoseridges, the K qvalueis0.7.
Random roughness, particularly in thefurrows, significantly
reduceswind erosion occurring from erosive winds blowing
parallel totheridges.

In 1996, ARS scientists provided a method for adjusting the
WEQ K4 factor with consideration for preponderance
(erosive wind energy 60% parallel and 40% perpendicular
to prevailing erosive wind direction) when using the Man-
agement Period Procedure. The use of preponderence
recognizesthat during the periods when the prevailing
erosivewinds are parallel to ridges, there are other erosive
winds during the same period which are not parallel, thus
making ridges effective during part of each period. Prepon-
derance keepstheK factor value lessthan 1.0, when the |
factor values are 134 or less. When estimating wind erosion
rates by management periods, without the aid of acomputer
model, the prevailing wind erosion direction and adefault
preponderance are used for each period. This procedure
more adequately addresses the effects of theridgesinwind
erosion control since erosive wind directions may vary
within each management period.

Note: When using the WEQ Excel spreadsheet

model, the actual preponderance, up to and including

avalue of 4, for the period will be used, rather than a

defaultvalue.

The WEQ K factor accounts for random roughness.
Random roughnessisthe nonoriented surface roughness

that is sometimes referred to as cloddiness. Random rough-
nessisusually created by the action of tillage implements.

It isdescribed as the standard deviation (in inches) of the
soil surface el evations, measured at regular intervalsfrom a
fixed, arbitrary plane above atilled soil surface, after
oriented (ridge) roughness has been accounted for. Random
roughness can reduce erosion significantly. Note: The
random roughness factor will only be used with the WEQ
management period procedure.

Random roughness val ues have been devel oped for various
levels of WEQ | factor values and surface random rough-
ness (exhibit 502—6). Random roughness curves only adjust
the K factors of asoil that hasan | factor value of 134 and
less.

The random roughness values used in the WEQ are the
same random roughness values used in RUSL E. Random
roughness (inches) from the machine operations databasein
RUSL E can be used to determine WEQ random roughness
values (table 502—-7). However, keep in mind that these
RUSL E random roughness values were determined for
medium textured soilstilled at optimum moisture conditions
for creating random roughness. Under most circumstances
random roughnessis determined by comparing afield surface
to the random roughness (standard deviation) photosin the
RUSL E handbook (Agriculture Handbook 703, appendix C).

The photosin Agriculture Handbook 703, appendix C,
may be downloaded from:

http://www.nr cs.usda.gov/technical/ECS/agr onomy/
roughness.html

State agronomists should downl oad, reproduce, and
distribute the photographsto field offices.

When both random roughness and ridge roughness are
present in thefield, they are complimentary. When both are
present, the K4 factor for ridges and K, factor for random
roughness will be multiplied together to obtain the total
roughnessK -factor.

Example problem: Take into consideration just one WEQ
management period. The soil inthefield being evaluated
hasan | value of 86. Thefield hasjust been fertilized with
anhydrous ammoniausing aknife applicator. Considering
the height and spacing of the oriented roughness, theridge
roughness Kq factor was determined to be 0.8. Using
table 502—7, under random roughness (inches), the anhy-
drous applicator has a core value of 0.6. Going into the ran-
dom roughness (inches) graph (exhibit 502—6), on the hori-
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zontal axisto 0.6, and then vertically to the line represent-
ing an | factor of 86, the K,, factor isrounded to 0.8. The
total roughnessvalue (K factor) is0.8 x 0.8 = 0.64, then
roundedto 0.6.

The major effects of random roughness on wind erosion are
to raise the threshold wind speed at which erosion begins
and to provide some sheltered area among the clods where
moving soil can be trapped. Hence, when the effectiveness
of random roughnessincreasesthetotal K-value decreases.

Random roughness, particularly in thefurrows, significantly
reduceswind erosion occurring from erosive winds blowing
parallel totheridges.

Random roughnessis subject to much faster degradation by
rain or wind erosion than largetillage ridges. Therefore the
WEQ management period, where random roughnessis ef-
fective, may be of short duration.

For fields being broken out of sod, such as CRP, random
roughnesswill be credited for erosion control. Thefield
surfaceisusually covered with the crowns of plants, their
associated roots, and adhering soil. The total random rough-
ness of the field should be compared to the photosin the
RUSL E handbook and credited appropriately.

Surface roughening (emergency tillage)—In some situa-
tions, thereisaneed to control erosion on bare fieldswhere
the surface crust has been destroyed or whereloose grains
are on the surface and can abrade an existing crust. One
method to reduce the erosion hazard on such fields is emer-
gency or planned tillage to roughen the surface or increase
nonerodible clods on the surface (random roughness). This
may be accomplished by one or more of the following:

e Soil that characteristically formsacrust with loose
sand grains on the surface may be worked to create
clods. Theloose grainsfall into the crevices between
clods. Thisisthe principle of sand fighting used in
someemergency tillage.

e Thesoil may be deeptilled to bring up finer textured
soil material that will form more persistent clods.

* Irrigation increases the nonerodibl e fraction of a soil
(exhibit502-2).

e Thesurface may beworked into aridge-furrow
configuration that will trap loose, moving soil.

e Thesoil may betilled in strips or in widely spaced
rowsto provide some degree of ridge and random
roughness to break the flow of saltation and creep.

502.33 Climaticfactor,C

The C factor isan index of climatic erosivity, specifically
windspeed and surface soil moisture. The factor for any
given location is based on long-term climatic dataand is ex-
pressed as a percentage of the C factor for Garden City,
Kansas, which has been assigned avalue of 100 (Lyles
1983). In an areawith a C factor of 50, for example, the
IKC valuewould be only half of the IKC for Garden City,
Kansss.

The climatic factor equation is expressed as.

V3
C=34.48x——
(PE)®
where:
C = annual climaticfactor
V = averageannual windvelocity
PE = precipitation-effectivenessindex of Thornthwaite
34.48 = constant used to adjust local valuesto acommon
base (Garden City, Kansas)

The basis for the windspeed term of the climatic factor is
that the rate of soil movement is proportional to windspeed
cubed. Several researchers have reported that when
windspeed exceeds threshold vel ocity, the soil movement is
directly proportional to friction velocity cubed which, in
turn, isrelated to mean windspeed cubed (Skidmore 1976).

The basisfor the soil moisture term of the climatic factor is
that the rate of soil movement variesinversely with the
equivalent surface soil moisture. Effective surface soil
moistureisassumed to be proportional to the Thornthwaite
preci pitation-effective- nessindex (PE) (Thornthwaite
1931). The annual PE index isthe sum of the 12 monthly
precipitation effectivenessindices. The formulais ex-
pressed asfollows:

10

PE = 12115><D P2
2 JT-10)F
where;

PE = theannual precipitation effectivenessindex
P = averagemonthly precipitation
T = averagemonthly temperature

The C factor isoline map developed by NRCSin 1987 can
accessed at:
http://datad.ftw.nr cs.usda.gov/website/c-values
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Complete instructions for viewing the map are given in ex-
hibit 502-8. The map displays C factorsfor all areas of the
conterminous United Statesand Alaska. Theisolineswere
drafted to conform with local C factors calculated from
1951-80 weather data and were correl ated across state and
regional boundaries. Procedures for developing local C fac-
torsare explained in exhibit 502-9.

1. Interpolation of WEQ climatic factors (C)— States
may interpolate between county assigned C valuesto
the nearest 5 units based on the National C Factor
Isoline Map or the state C Factor Isoline Map in the
Field Office Technical Guide (FOTG). When interpo-
lating between values, knowledge of thelocal climatic
and topographic conditionsisextremely useful since
climatic conditions can vary disproportionately
between C factor valueisolines.

2. Where WEQ soil loss (E) tables have been devel oped
with C factor increments greater than 5 units, a
straight line interpolation to the nearest C factor value
of 5 may be made from existing E tables. Straight line
interpol ations can al so be made from the soil losses
(E) calculated with approved WEQ computer soft-
ware, when C factors programmed into the model are
inincrementsgreater than 5 units.

3. Cfactor interpolations are for the purpose of conser-
vation planning only and are NOT tobe used in
determining or adjusting previous highly erodible
land (HEL) designations. However, they may be used
during statusreviewsto determineif anindividual is
actively applying aconservation system. Previous
national policy, regarding the changing of prior HEL
designations, remainsin effect.

Effects of irrigation water on the C factor—When irriga-
tion water isapplied to adry soil surface, areductionin
wind erosion can be expected. A specific procedureto
directly adjust the climatic factor C for irrigation is not
available. However, aprocedure has been developed by
researchersto adjust the Erosive Wind Energy (EWE) by
the fraction of time during which the soil is considered wet
and nonerodible because of irrigation. See 502.31 and
exhibit 502-2.

The procedures that follow adjust the Erosive Wind Energy
(EWE) value which planners are to use when estimating
wind erosion on irrigated fields. Thisadjustment isfor the
WEQ Management Period Procedure. States wherewind

erosion isaconcern should replace previous methods used
to adjust for the effects of irrigation and utilize this proce-
dure and the procedure for adjusting the | factor, for all
plan revisions or new planning activities. This new proce-
dure, however, does not impact designated highly erodible
lands (HEL ) or new determinations since management
practices are not considered in the HEL formula.

Note: Irrigation adjustmentsto EWE and to the | factor,
apply to fully irrigated fields and to fields that receive
supplemental irrigationwater.

» Research scientistshave developed an Irrigation
Factor (1F) that adjusts the EWE or period erosion
lossto account for the effect of irrigation wetting the
soil surface and making it less erodible. The | F takes
into account the number of daysin amanagement
period, number of irrigation events during a manage-
ment period, and a Texture Wetness Factor (TWF).

» To account for the nonerodible wet condition of
various soil textures after irrigation, aTWF of 1, 2, or
3isassigned to coarse, medium, and fine textured
soil, respectively. See exhibit 502.2 for values as-
signed to the various soil groups.

e ThelFiscalculated with thefollowing equation:

IF = number of daysin period minus () nonerodible
wet daysin period (NEWD), divided by the
number of daysin period.

Nonerodible Wet Days (NEWD) are equal to
the Texture Wetness Factor (TWF) timesthe
number of irrigation eventsin the period.

»  When using the WEQ to account for the effects of
irrigation, multiply the EWE for the period by the IF.

e Example: A finetextured soil wasirrigated three
times during 45 days. Twelve percent of the annual
EWE occursduring thisperiod. Therefore:

TWEF = 3for finetextured soil

Number of irrigations during the period = 3
NEWD =(3)(3) =9

IF = (45 days—9)/45=0.80

The adjusted EWE for 45 daysisthen determined by

multiplying | F timesthe percentage of annual erosion

wind energy during the period being evaluated.
Adjusted EWE = (.80)(12%) = 9.6 %

Note: The EWE shall not be adjusted for any manage-
ment period whereirrigation doesnot occur.

e The WEQ factors (C & 1) used to determine the
Erodibility Index (EI), will not be adjusted when
determining highly erodibleland (HEL) on cropland
thatisirrigated.
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502.34 Unsheltered distance, L

TheL factor represents the unsheltered distance along the
prevailing wind erosion direction for thefield or areato be
evaluated. Itsplacein the equation isto relate the isolated,
unsheltered, and wide field condition of | to the sizeand
shape of thefield for which the erosion estimate is being
prepared. Because V is considered after L in the 5-step so-
[ution of the equation (502.22), the unsheltered distanceis
always considered as if the field were bare except for veg-
etativebarriers.

1. L beginsat apoint upwind where no saltation or
surface creep occurs and ends at the downwind edge
of the area being evaluated (figure 502-5). The point
may be at afield border or stable area where vegeta-
tionissufficient to eliminate the erosion process. An
area should be considered stable only if itisableto
trap or hold virtually all expected saltation and
surface creep from upwind. If vegetative barriers,
grassed waterways, or other stable areasdivide an
agricultural field being evaluated, each subdivision
will be isolated and shall be evaluated as a separate

Figure502-5 Unsheltered distancelL

\ Stable area

Isolated field

v ' !Stable area

\
\ v \ \
Incoming saltation
¥ ¥ ¥ ¥

L

L begins at
stable boundary

Field not isolated

field. Refer to the appropriate NRCS Conservation
Practice Standards to determine when practices are of
adequate width, height, spacing, and density to create
astablearea.

2. When erosion estimates are being cal cul ated for
cropland or other relatively unstable conditions,
upwind pasture or rangeland should be considered a
stable border. However, if the estimate isbeing made
for apasture or range area, L should be determined
by measuring from the nearest stable point upwind of
theareaor field in question (figure 502-6). The only
casewherelL isequal to zeroiswherethe areaisfully
sheltered by abarrier.

3. When abarrier is present on the upwind side of a
field, measure L acrossthefield along the prevailing
wind erosion direction and subtract the distance
sheltered by the barrier. Use 10 timesthe barrier
height for the sheltered distance (figure 502—7).

Figure502-6 Unsheltered distance L, perennial vegetation
s (Dasture or range)

Adjacent area stable

Unsheltered distance “L” perennial
vegetation (pasture or range)

Figure502-7  Unsheltered distagnce L —windbreak or barrier
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4. When aproperly designed wind stripcropping system
isapplied, alternate strips are protected during critical
wind erosion periods by agrowing crop or by crop
residue. These stripsare considered stable. L is
measured across each erosion-susceptible strip, along
the prevailing wind erosion direction (figure 502-8).

The prevailing wind erosion direction isthe direction from
which the greatest amount of erosion occurs during the
critical wind erosion period. The direction is usually ex-
pressed as one of the 16 compass points. When predicting
erosion by management periods, the prevailing wind ero-
sion direction may be different for each period (exhibit
502-7a).

Preponderanceisaratio between wind erosion forces
parallel and perpendicular to the prevailing wind erosion
direction. Wind forces parallel to the prevailing wind
erosion direction include those coming from the exact
opposite direction (180°). A preponderance of 1.0 indicates
that as much wind erosion force is exerted perpendicular to
the prevailing direction as along that direction. A higher
preponderance indicates that more of the forceisalong the
prevailing wind erosion direction. Wind patterns are com-
plex; low preponderanceindicates high complexity and asa
result, lesswind will be from the prevailing erosive wind
direction than locations that have a high preponderance.

L can be measured directly on amap or calculated using a
wind erosion direction factor:

 For uses of the Wind Erosion Equation involving a
singleannual calculation, L should bethe measured
distance acrossthe areain the prevailing wind erosion
direction from the stable upwind edge of thefield to
the downwind edge of thefield. When the prevailing

Figure502-8 Unsheltered distance L, stripcropping system

Stable area

\ Protected strip (stable)

Planning area (field)

wind erosion direction is at an angle that is not per-
pendicular to thelong side of thefield, L can be
determined by multiplying thewidth of thefield by the
appropriate conversion factor obtained from table 502-3.

» For management period cal culations, wind erosion
direction factors based on preponderance are to be
used instead of ameasured distance to determine L
except
— Whereirregular fields cannot be adequately

represented by acircle, square, or rectangle.
— Where preponderance dataare not available.

Stepsto determine L for management period estimates:

1. Obtainlocal valuesfor prevailing thewind erosion
direction and preponderance (exhibit 502—7a).

2. Measure actual length and width of thefield and
determinetheratio of length to width.

3. Determineangleof deviation between prevailing
wind erosion direction and animaginary line
perpendicular to thelong side of thefield.

Using datafrom steps 1 through 3, determine the wind
erosion direction factor from wind erosion direction factor
tables, tables 502—81a-e. These are adjustment factors that
account for prevailing wind erosion direction, preponder-
ance of wind erosion forces, and size and shape of thefield.

Multiply the width of thefield by thewind erosion direction
factor. ThisistheL for thefield.

If abarrier ison the upwind side of thefield, reduce L by a
distance equal to 10 timesthe height of the barrier.

For circular fields, L = 0.915 times the diameter, regardless
of the prevailing wind erosion direction or preponderance.

Table502-3 Wind erosion direction factorsy

Angleof deviationgl Adjustment factor

0 1.00
225° 1.08
45° 141
67.5° 261
0° L = Length of field

1/ These adjustment factors are applicable when preponderance is not
considered. L cannot exceed the longest possible measured distance
acrossthefield.

2/ Angle of deviation of the prevailing erosive wind from adirection
perpendicular to the long side of the field.
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502.35 Vegetativecover factor,V

The effect of vegetative cover in the Wind Erosion Equa-
tion is expressed by relating the kind, amount, and orienta-
tion of vegetative material to its equivalent in pounds per
acre of small grain residuein reference condition Small
Grain Equivalent (SGe). This condition is defined as 10
inch long stalks of small grain, parallel tothewind, lying
flat in rows spaced 10 inches apart, perpendicular to the
wind. Several crops have been tested in the wind tunnel to
determine their SGe. For other crops, small grain equiva-
lency has been computed using various regression tech-
niques (Armbrust and Lyles 1985; Lyles and Allison 1980;
Lyles 1981; Woodruff et al. 1974; Woodruff and Siddoway
1965). NRCS personnel have estimated SGe curvesfor
other crops. SGe curvesarein exhibit 502-10.

Position and anchoring of residueisimportant. In general,
the finer and more upright the residue, the more effectiveit
isfor reducing wind erosion. Knowledge of these and other
relationships can be used with benchmark valuesto estimate
additional SGevalues.

Research isunderway to devel op amethod of estimating the
relative erosion control value of short woody plantsand
other growing crops.

Several methods are used to estimate the kind, amount, and
orientation of vegetation in thefield. Often thetask isto
predict what will beinthefield in some future season or
seasons. Amounts of vegetation may be predicted from pro-

duction records or estimates and these amounts are then re-
duced by the expected or planned tillage. It may be desir-
able to sample and measure existing residue to determine
guantity of residue. Local data should be developed to esti-
mate surface residue per unit of crop yield and crop residue
losses caused by tillage.

The crown of aplant, its associated roots, and adhering soil
should also be credited when doing transects to determine
residue cover. Employeeswill need to use their best judg-
ment when deciding which crop curve to use when convert-
ing from percent ground cover to mass and then selecting a
curveto convert the residue massto SGe.

If you encounter acrop, residue, or atype of vegetation for
which an SGe curve has not been devel oped. exhibits 502—
11 and 502-12 give procedures to develop an interim SGe
curve. Any SGe curve developed in thisway must be sub-
mitted to the National Agronomists or the Cooperating Sci-
entist for wind erosion for approval.
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Subpart502E  Principlesof wind
eroson control

50240 General

Five principles of wind erosion control have been identified
(Lylesand Swanson 1976; Woodruff et al. 1972; and
Woodruff and Siddoway 1965). These are asfollows:
 Establish and maintain adequate vegetation or other
land cover.
» Reduceunsheltered distance along wind erosion
direction.
» Produce and maintain stable clods or aggregates on
theland surface.
* Roughen the land with ridge and/or random rough-
ness.
* Reshapetheland to reduce erosion on knollswhere
converging windflow causesincreased vel ocity and
shear stress.

The cardinal rule of wind erosion control isto striveto
keep the land covered with vegetation or crop residue at all
times (Chepil 1956). Thisleadsto several principlesthat
should be paramount as alternative controls are considered:
» Returnall land unsuited to cultivation to permanent
cover.
» Maintain maximum possible cover on the surface
during wind erosion periods.
* Maintain stablefield borders or boundaries at all
times.

502.41 Relation of control to WEQ factors

TheWind Erosion Equation (WEQ) was developed to
relate specific field conditionsto estimated annual soil loss.
Of thefive factors, two (I and C) are often considered to be
fixed while the other three (K, L, and V) are generally
considered variable or management factors. Thisisnot
precisely true.

Thel factor isrelated to the percentage of dry surface soil
fractions greater than 0.84 millimeters. Itsderivationis
usually based on the Wind Erodibility Group.

However, if aspecial management condition isgoing to be
maintained, such as crustsor irrigation, amadification of |
isappropriate. Also, | isincreased by aknoll erodibility
factor where appropriate. See 502.31. Thisadjustment is
not appropriateif the knoll condition is modified through
landforming or use of barriersto protect the knoll.

Knoll erodibility adjustmentsto | relateto wind direction;
low preponderance indicatesthat knoll erodibility will vary
widely aswind direction changes.

Total K reflectsthetilled ridge roughness and random
roughnessin afield. Thisisamanagement factor. Stability
of tilled roughnessisrelated, however, to soil erodibility,
climate, and the other erosion factors.

Ridge roughnessrelates to ridge spacing in the wind erosion
direction. Even with optimum orientation of rows, some of
the windswill be blowing parallel to the rows when prepon-
deranceislow.

Random roughnessrel ates to the nonoriented surface
roughnessthat is often referred to as cloddiness. Random
roughnessis described as the standard deviation of eleva-
tion from aplane across atilled area after taking into
account oriented (ridge) roughness.

The C factor is based on long-term weather records. Con-
servation treatment should be planned to address the critical
climatic conditions when high seasonal erosivewind energy
iscoupled with highly erodiblefield conditions.

The unsheltered distance L isamanagement factor that can
be changed by altering field arrangement, stripcropping, or
establishing windbreaks or other barriers. L isafunction of
field layout asit relatesto prevailing wind direction and

preponderance of erosive windsin the prevailing direction.

When preponderance values are high (more than 2.5 and
approaching 4.0), conservation treatment should be concen-
trated on addressing potential erosion from the prevailing
wind erosion direction.

When preponderance values are low (approaching 1.0),
knowledge of local seasonal wind patterns becomes more
important in planning treatment. Conservation treatment
should be planned to alow for the effect of seasonal
changesin the prevailing wind erosion direction.
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A stable strip across an agricultural field dividesthe area
into separate fields. Examples of stable areasinclude grass
waterways, hedges and their sheltered area, brushy draws or
ravines, roadwayswith grass borders, grass strips, and
drainageor irrigation ditches.

To be considered stable, an area must be able to stop and
hold virtually all of the expected saltation and surface
creep. Be aware that an areamay be stable during one crop
stage, but not stable in other seasons.

V isthe equivalent vegetative cover maintained on the soil
surface. Itisdirectly related to the management functions of
crop establishment, tillage, harvesting, grazing, mowing, or
burning.

50242 Tolerancesin wind erosion control

In both planning and inventory activities, NRCS compares
estimated erosion to soil losstolerance (T). T isexpressed
asthe average annual soil erosion rate (tons/acrelyear) that
can occur in afield with little or no long-term degradation
of the soil resource, thus permitting crop productivity to be
sustained for anindefinite period.

Soil loss tolerances for anamed soil are recorded in the soil
survey databasein NASIS.

The normal planning objectiveisto reduce soil loss by
wind or water to T or lower. In situations where treatment
for both wind and water erosion is needed, soil loss esti-
mates using the WEQ and USLE or RUSLE are not added
together to compareto T.

Additional impacts of wind erosion that should be consid-
ered are potential offsite damages, such asair and water
pollution and the deposition of soil particles.

Crop tolerance to soil blowing may also be an important
consideration in wind erosion control. Wind or blowing
sail, or both, can have an adverse effect on growing crops.
Most crops are more susceptible to abrasion or other wind
damage at certain growth stages than at others. Damage can
result from desiccation and twisting of plants by thewind.

Crop tolerance can be defined as the maximum wind ero-
sion that agrowing crop can tolerate, from crop emergence
to field stabilization, without an economic lossto crop
stand, crop yield, or crop quality.

(@ Blowing soil effectson crops
Some of the adverse effects of soil erosion and blowing soil
on cropsinclude:
e Excessivewind erosion that removes planted seeds,
tubers, or seedlings.
e Exposureof plant root systems.
e Sand blasting and plant abrasion resulting in
— cropinjury
— cropmortality
— lower cropyields
— lower cropquality
— wind damageto seedlings, vegetables, and
orchardcrops.
* Burial of plants by drifting soil.

(b) Croptoleranceto blowing soil or wind

Many common crops have been categorized based on their
tolerance to blowing soil. These categories of sometypical
cropsarelisted in table 502-4. Crops may tol erate greater
amounts of blowing soil than shown in table 502—4, but
yield and quality will be adversely affected.

(c) Theeffects of wind erosion on water quality
Someof the adverse effects of wind erosion on water
quialityinclude:

» Deposition of phosphorus (P) into surface water
* Increased Biochemical Oxygen Demand
(BOD) in surfacewater
» Reduced stream conveyance capacity because of
deposited sediment in streams and drainage canals

L ocal water quality guidelinesunder Total Maximum Daily
Loads (TDML) for nutrients may require that wind erosion
losses be less than the soil loss tolerance (T) in order to
achievelocal phosphorus (P) or other pollutant reduction
goals.

For aphosphorus (P) intrapment estimation procedure, see
the Core 4 manual, chapter 3C, Cross Wind Trap Strips.
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Subpart502F Exampleproblems

(Each state should devel op exampl e problems, common to
their state, and insert in this section.) See exhibit 502—7b.

Table502-4  Crop toleranceto blowing soil
I
Tolerant Moderatetolerance Lowtolerance Very low tolerance
T 2ton/ac lton/ac 0to 0.5ton/ac
Barley Alfafa(mature) Broccoli Alfafaseedlings
Buckwhesat Corn Cabbage Asparagus
Hax Onions(>30days) Cotton Cantaloupe
GrainSorghum Orchardcrops Cucumbers Carrots
Millet Soybeans Garlic Ceery
Ods Sunflowers Green/snapbeans Eggplant
Rye Sweet corn Limabeans Flowers
Whesat Peanuts Kiwi fruit
Peas Lettuce
Potatoes Muskmelons
Sweset potatoes Onion seedlings (<30 days)
Tobacco Peppers
Spinach
Squash
Strawberries
Sugar beets
Tablebeets
Tomatoes
Watermelons
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