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Chapter 3. 

Soil erodibility is a complex property and is thought of as the ease with which 
soil is detached by splash during rainfall or by surface flow or both. From a 
fundamental standpoint, however, soil erodibility should be viewed as the 
change in the soil per unit of applied external force or energy. Just as in 
USLE, RUSLE uses a restrictive and applied definition of soil erodibility. 
Soil erodibility is related to the integrated effect of rainfall, runoff, and 
infiltration on soil loss and is commonly called the soil-erodibility factor (K). 
The soil-erodibility factor (K) in RUSLE accounts for the influence of soil 
properties on soil loss during storm events on upland areas. In this chapter, 
the current state of knowledge of K-factor measurements and prediction 
technology is summarized. Background information is given to facilitate the 
estimation of K values for soils for which no direct K-value measurements are 
available. Specific areas of concern in evaluations of soil-erodibility factor 
are discussed, including seasonal variation of soil-erodibility factors 
(especially of soils subjected to freezing and thawing) and the evaluation of 
the soil-erodibility factor for soils with rock fragments. 
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DEFINITION AND EXPERIMENTAL GUIDELINES 

The soil-erodibility factor (K) is the rate of soil loss per rainfall erosion index 
unit [ton. acre. h(hundreds of acre. ft-tonf. in) 
plot. The unit plot is 72.6 ft (22.1 m) long, has a 9% slope, and is 
continuously in a clean-tilled fallow condition with tillage performed upslope 
and downslope (Wischrneier and Smith 1978). Recommended minimum plot 
width is 6 ft (1.83 m). Guidelines for preparation and maintenance of natural 
runoff plots in the United States were issued in 1961 by D.D. Smith 
(Romkens 1985). They are as follows: "Plow to normal depth and smooth 
immediately by disking and cultivating two or more times, except for areas 
where wind erosion during the winter poses a serious hazard. In the latter 
case, disking or cultivating should be delayed until spring. Plowing shall be 
each year at the time continuous row crop plots are plowed. Cultivation shall 
be at new crop planting, routine cultivating times, and when necessary to 
eliminate serious crust formations. Chemical weed control may be used, if 
cultivation does not control weed-growth. Plowing and cultivation should be 
upslope and downslope and should not be on an excessively wet soil."' 

] as measured on a unit 

Administrative communication from D.D. Smith to runoff plot managers 
(January 1, 1961), "Instructions for establishment and maintenance of cultivated fallow 
plots." 
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Chapter 3. 

PRACTICAL INTERPRETATION 

In practical terms, the soil-erodibility factor is the average long-term soil and 
soil-profile response to the erosive powers of rainstorms; that is, the soil- 
erodibility factor is a lumped parameter that represents an integrated average 
annual value of the total soil and soil profile reaction to a large number of 
erosion and hydrologic processes. These processes consist of soil detachment 
and transport by raindrop impact and surface flow, localized deposition due to 
topography and tillage-induced roughness, and rainwater infiltration into the 
soil profile. 
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INTERACTIONS WITH OTHER SOIL-LOSS FACTORS 

The soil-erodibility factor (K) represents the effect of soil properties and soil 
profile characteristics on soil loss. Some interdependency exists between the 
K factor and other RUSLE factors. For instance, the traditional topographic 
relationships for slope length and steepness factors (LS) (Wischmeier and 
Smith 1978) were derived fiom soil-loss measurements on mostly 
medium-textured, poorly aggregated surface soils. It is to be expected that 
errors and shortcomings in the relationships for topographic effects will carry 
over into K values if these relationships are used to determine K values. 

Similar problems exist for the rainfall-erosivity factor (R). Storm energy may 
vary substantially among storms due to variations in drop size and due to 
updraft or downdraft of wind. Some of these variations occur in areas where 
certain storm types prevail for part of the year (heavy thunderstorms versus 
gentle rains). Calculations of rainfall energy from rainfall breakpoint data for 
natural runoff plots using a relationship of specific intensity versus energy 
(Wischmeier and Smith 1978) may lead to "errors" in the computed K. 
Seasonal K values may offer some compensation for errors in R values 
computed from rainfall breakpoint data. 

Interactions with the cover-management factor (C) are primarily due to the 
effect of organic matter or organic carbon on soil loss. The organic-carbon 
content of soils depends on the annual additions of surface and subsurface 
crop residue and manure and on their decomposition rate. No sharp 
delineation can be made where the effects of crop residue cease to be part of 
a C factor and instead become part of the K factor. Moreover, the processes 
of organic conversions are related to environmental factors (temperature, 
wetness, and so on) and thus vary among physiographic regions. A discussion 
of these processes is beyond the scope of this chapter. Short-term effects 
such as from the protective cover of mulch or from the mechanical constraints 
such as disturbance of surface and subsurface residues are related to the C 
factor, whereas long-term effects such as soil changes or soil structural 
alterations by organic compounds should be considered part of the K factor. 
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DETERMINATION OF K FACTOR 

Soil-erodibility factors are best obtained from direct measurements on natural 
runoff plots. Rainfall simulation studies are less accurate, and predictive 
relationships are the least accurate (Romkens 1985). In each of these methods 
of determination, requirements for soil and plot conditions as well as methods 
of evaluation have to be met. These requirements are designed to eliminate 
the influence of variations in antecedent soil-water and soil-surface conditions 
and of variations in the rainstorm regimes on the soil-erodibility factor. Only 
inherent soil properties are considered determinants of the erodibility factor. 

Natural Runoff 
Plots 

The major requirement in a study using a natural runoff plot is a database that 
is large enough and that was obtained over a sufficiently long period. Very 
few studies exist for which long-term observations are available. For the 
eastern United States, this period is assumed to be 20-22 yr (Wischmeier 
1976). Time and economic factors have limited the establishment of long- 
term runoff plots and therefore have promoted the development of plot 
research with simulated rainfall. However, simulated-rainfall procedures often 
fall short of the requirement of a sufficiently long fallow condition. Table 
3-1 lists the soils in the United States on which natural runoff plots for 
K-factor determinations were established. Note that the observation period on 
all of these soils fell considerably short of the stated period of 20-22 yr. 
However, K values of many soils were obtained from long-term runoff data 
on cropped plots that had been adjusted for the C factor. 

The second requirement for soil-erodibility-factor determinations on natural 
runoff plots is a fallow, tilled surface immediately before and during the 
observation period. This requirement stipulates the removal or natural 
degradation of all surface and subsurface plant residue that remained after 
cropping. The adequacy of this observation period should be determined 
relative to the climatic conditions in the United States but is usually taken to 
be 2 yr. 
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Rainfall- 
Simulation 
Plots 

The third requirement for reliable K-value determinations is uniformity of soil 
and topography within the plot and also adherence to plot-size standards. 
Topographic uniformity is essential to avoid soil deposition or accelerated soil 
erosion in localized areas. The selection of plots having a standard length and 
steepness is important to avoid errors in soil-loss adjustments with 
topographic factors. Many soils do not occur with slopes of 9%, but 
standards, once formulated, must be adhered to in order to avoid ambiguities. 
Actually, the 9%-slope steepness is not rationally based, but was selected as 
being an average gradient of runoff plots on which early erosion studies in the 
United States were conducted. Similarly, the 72.6-f3 (22.1-m) plot length was 
the result of the selection of a 1/100-acre (11250-ha) plot area, given a 
two-row or 6-ft (1.83-m) plot width. 

K-factor determinations in simulated-rainfall studies require plot standards that 
are the same as those for natural runoff plots with respect to size, slope, and 
preparation. However, the usually very short timespan allowed between 
cropping and rainfall-simulation runs is insufficient for the adequate 
degradation of surface or subsurface organic residue. Therefore, in the 
simulation, surface residue is often removed mechanically or manually before 
tillage, and corrections for subsurface-crop-residue effects are made through 
the C factor. Errors may be introduced in K-factor determinations for soils 
with incomplete removal or degradation of surface and subsurface residues or 
for soils with incorrect C-factor adjustments. 

A second difficulty with the use of rainfall simulation in K-factor evaluations 
is the selection of weighting factors for soil losses on different antecedent 
soil-water conditions. Romkens ( I  985) and Barnett et al. (1 965) observed 
that K values for different antecedent moisture levels need to be weighted in 
proportion to the occurrence of runoff and erosion in different climates to 
determine the average annual K value. 
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RELATIONSHIPS OF K FACTOR AND SOIL PROPERTIES 

The physical, chemical, and mineralogical soil properties and their interactions 
that affect K values are many and varied. Moreover, several erosion 
mechanisms are operating at the same time, each one relating differently to a 
specific soil property. It is therefore unlikely that a relatively few soil 
characteristics will accurately describe K values for each soil. Yet several 
attempts have been made to relate measured K values to soil properties. 
Table 3-2 lists the principal studies in the United States and a summary of the 
results. 

Of these studies, the most widely used and frequently cited relationship is the 
soil-erodibility nomograph (Wischmeier et al. 197 1). The nomograph, shown 
in figure 3-1, comprises five soil and soil-profile parameters: percent 
modified silt (0.002-0.1 mm), percent modified sand (0.1-2 mm), percent 
organic matter (OM), and classes for structure (s) and permeability (p). The 
structure and permeability classes and groups of classes were taken from the 
Soil Survey Manual (USDA 195 1). A useful algebraic approximation 
(Wischmeier and Smith 1978) of the nomograph for those cases where the silt 
fraction does not exceed 70% is 

K= 12.1 - 104(124M) M ''4+3.25(s-2)+2.5(p-3)] / 100 13-11 

where M is the product of the primary particle size fractions: (YO modified silt 
or the 0.002-0.1 mm size fraction) * (YO silt + YO sand). K is expressed as 
ton. acre-' per erosion index unit with U.S. customary units of ton. acre- h 
(hundreds of acre. ft-tonf - in)**. Division of the right side of this and 
subsequent K-factor equations with the factor 7.59 will yield K values 
expressed in SI units of t. ha. ha ha -' MJ -' mm -'. 
The nomograph relationship is derived from rainfall-simulation data from 5 5 
midwestern, mostly (8 1%) medium-textured, surface soils. More than 60% of 
,these soils had an aggregation index smaller than 0.3 (Mannering 1967). The 
nomograph is well suited for the less aggregated, medium-textured surface 
soils of the Midwest. Attempts by other investigators to apply the nomograph 
to other classes of soils have met with limited success. Figure 3-2 shows the 
relationship between the observed and nomograph-predicted soil-erodibility 
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factors for the nomograph database and selected U.S. data sets of other soil 
classes. In most of these studies, aggregate sizes or aggregation indices were 
the most significant parameters. For details of the relationship between the 
soil-erodibility factor and soil properties, the reader is referred to the original 
publications (see table 3-2) or to a review paper by Romkens (1985). 

Regression equations for specific classes of soils in the United States are those 
listed in table 3-2. Unfortunately, substantial intercorrelations exist among 
many of these variables, thereby affecting the true significance of each 
property in predicting K values. The relationship for volcanic soils in Hawaii 
(El-Swaify and Dangler 1976) is given by the expression 

K = -0.03970 + 0.00311~, + 0 . 0 0 0 4 3 ~ ~  
+ 0.00185~~ + 0 .00258~~  - 0 . 0 0 8 2 3 ~ ~  13 -21 

where x1 is the unstable aggregate size fraction in percent less than 0.250 mm, 
x2 is the product of % modified silt (0.002-0.1 mm) and % modified sand 
(0.1-2 mm), x3 is the % base saturation, x4 is the silt fraction (0.002-0.050 
mm) in percent, and x5 is the modified sand fraction (0.1-2 mm) in percent. 
The applicability of equation [3-21 has not been demonstrated for all tropical 
soils of volcanic origin. Equation [3-21 should be considered for only those 
soils that are similar to soils found in Hawaii. 

For soils in the upper Midwest, the following relationship was developed 
(Young and Mutchler 1977): 

where x6 is an aggregation index, x7 is the percentage montmorillonite in the 
soil, x8 is the bulk density of the 50-125 mm depth in g. ~ m - ~ ,  and x9 is the 
dispersion ratio. The presence of the montmorillonite term suggests that this 
clay mineral significantly impacted the aggregation and granulation 
characteristics of these soils--the latter by facilitating detachment during 
drying and transport in subsequent storm events. 

For clay subsoils in the Midwest, the following relationship may be useful 
(Romkens et al. 1977): 
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where xl0 is the parameter M (Wischmeier et al. 1971) and xll is the 
citrate-dithionite-bicarbonate (= CDB) extractable percentage of A120, plus 
Fe203. This relationship again suggests the importance of the particle size 
between 0.002 and 0.1 mm in soil-erodibility-factor evaluations for subsoils. 
The importance of the CDB-extractable amount of the hydrous oxides of iron 
and aluminum as a predictor for the soil-erodibility factor should be tempered, 
in view of the small amounts (<3.76%) of these substances present in the soils 
tested. For highly weathered or cemented soils, equation [3-41 has not been 
tested and presumably needs modification. 

Recently, all available published global data (225 soils) of measured K values, 
obtained from both natural- and simulated-rainfall studies, were pooled and 
grouped into textural classes. Only soils with less than 10% of rock 
fragments by weight (>2 mm) were considered. The mean values of the soil- 
erodibility factor for soils within these size classes were then related to the 
mean geometric particle diameter of that class. The resulting relationship, 
shown in figure 3-3A, can be expressed as 

K = 7.594 

where 

0.0 03 4 4.040 5 exp 

Dg(mm) = exp ( 0.01 fi In mi ) with r 2  = 0.983 

and 

Dg = geometric mean particle diameter. 

13-61 

Here, fi is the primary particle size fraction in percent, and mi is the 
arithmetic mean of the particle size limits of that size (Shirazi and Boersma 
1984). A similar relationship, shown in figure 3-3B with r2 = 0.945, was 
derived for 138 U.S. soils only. This relationship is 
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13-71 

Figure 3-3 also indicates the variability in K values for each particle size 
class. 

Relationships [3-51 and [3-71 are very useful for predicting K values of soils 
for which (1) data are limited (for instance, no information about the very- 
fine-sand fraction or organic-matter content) and (2) the textural composition 
is given in a different classification system. Also, equations [3-51 and [3-71 
are useful for predicting K values of classes of soils other than those on 
which the nomograph was based, such as soils of textural extremes and well- 
aggregated soils. Of course, prediction equations [3-51 and [3-71 give an 
estimate of the K factor based on limited data and therefore yield less 
accurate values than those obtained from direct measurements or indirectly 
from regression data for soil types similar to those indicated in table 3-2. 
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CONSIDERATIONS IN SELECTION OF K VALUES 

Several methods can be used to obtain estimates of the average annual value 
of the soil-erodibility factor. For medium-textured soils-certainly for the 
poorly aggregated ones of the temperate zones-the nomograph appears to be 
the best predictive relationship. For tropical soils of volcanic origin, 
relationship [3-21 may be helpful. For soils or subsoils that contain clay 
minerals with 2:l expanding lattices, relationships [3-31 or [3-41 can be used. 
If K values are to be obtained for soils that do not readily fit any of these 
categories or for soils with incomplete information (that is, particle-size 
distribution and organic matter content), the broadly based relationships [3-5] 
and [3-71 can be selected. 
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SPECIFIC PROBLEM AREAS 

Rill and Interrill 
Erodibility 

Soils With Rock 
Fragments 

Physically based models are being developed to explain the dynamic 
relationships of the erosion process (detachment, transport, deposition), and 
the models provide a great opportunity to improve the estimation of erosion. 
These models are incompatible with the empirically based RUSLE, which 
predicts long-term average values (effects of subprocesses are lumped). Thus, 
improved soil-erodibility estimates using soil properties and relating them to 
erosion processes are not included in this revision (Romkens et al. 1986). 

In NRCS's map unit use file (MUUF), 15.6% of land area in the continental 
United States consists of soils with rock fragments on or in the soil surface 
(Miller and Guthrie 1984). These rock fragments, when present on the soil 
surface, significantly reduce soil detachment by rainfall. When present in a 
coarse-textured-soil profile (having sand and loamy sand textures), the 
fragments can appreciably reduce infiltration. 

To account for these effects, one view has been to include the effect of rock 
fragments on soil loss solely in the C factor (Box and Meyer 1984, Romkens 
1985), and another practice has been to include the effects solely in the K 
factor. Surface cover by rock fragments varies from site to site on otherwise 
identical soils. The fragments act as a surface mulch by protecting the soil 
surface from raindrop impact in a manner similar to that of surface mulches 
of straw and chopped stalks. Rock fragments are usually not moved by water 
from interrill areas but remain behind on the soil surface and act as an 
"armor" (Jennings and Jarrett 1985). 

Subsurface rock fragments affect infiltration and thus runoff in a manner 
similar to that of subsurface residue by reducing the soil void space and soil 
hydraulic conductivity in coarse-textured soils. Moreover, because soil- 
mechanical-analysis procedures are based on particle-size Eractions smaller 
than 2 mm, rock fragments larger than 2 mm are usually excluded when 
estimating K-factor values. However, rock fragments are part of a continuum 
of particle sizes in the mineral phase of the soil and therefore can be 
considered as part of the soil-erodibility factor. 
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This Agriculture Handbook separates the influence of rock fragments on soil 
loss into two components: (1) a surface cover component that represents the 
surface-protecting effect of rock fragments and that is accounted for in the C 
factor in a manner similar to that of crop residue and vegetative mulch, and 
(2) a subsurface component for sand and loamy-sand textures that represents 
the soil-loss increase due to the reduction in water infiltration. This latter 
effect is accounted for in the K factor through adjustments of the permeability 
class. It is shown below, however, that the subsurface effect of rock 
fragments can be relatively minor compared to the surface effect. Soil-profile 
descriptions with permeability classes that include the effect of rock fragments 
on permeability should not receive such an adjustment. 

The hydraulic-conductivity-reducing effect of rock fragments can be 
determined from the relationship of the saturated hydraulic conductivity and 
permeability class given in the National Soils Handbook No. 430 (USDA 
1983). Some clarification* is needed concerning the terminology and tables in 
that handbook. Rawls et al. (1982) proposed a relationship between the 
permeability class and the saturated hydraulic conductivity for different soil 
textures (table 3-3). Many factors other than texture determine the 
permeability class: for instance, structure, mineralogy, fragipans, sodium, and 
salinity. However, this relationship provides an estimate for relating changes 
in the effective hydraulic conductivity due to the presence of rock fragments 
to changes in the permeability class. 

The rate of reduction in the saturated hydraulic conductivity with the presence 
of increasing amounts of coarse fragments in the soil profile was theoretically 
derived by Peck and Watson (unpublished data) and later verified for sand 
columns with inclusions of glass spheres and gravel by Dunn and Mehuys 
(1984). The relationship is 

K, / K, = 2(1-&) / (2+&) i3-81 

2Permeability class as defined in the Soil Survey Manual of 1951 and in 
the USDA-SCS National Soils Handbook No. 430 is actually a hydraulic 
conductivity class. The relationship between permeability I$ (an intrinsic soil 
matrix property with dimensions L2) and the saturated hydraulic conductivity 
K, (a property that includes fluid properties of dimensions L * T -') is Kh = 

gravitational acceleration. 
pg. p -', where p is fluid viscosity, p is fluid density, and g is 
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where Kb is saturated hydraulic conductivity of the soil with rock fragments, 
Kf is saturated hydraulic conductivity of the fine soil fraction (<2 mm), and 
5. is percent by volume of rock fragments >2 mm. 

Brakensiek et al. (1986) simplified equation [3-81 to show that Kb of soil 
containing rock fragments can be reasonably related to K, by using only the 
weight percent of rock fragments >2 mrn. This relationship is 

13-91 

where R, is percent by weight of rock fragments >2 mm. Using equation 
[3-91, a given percentage weight of rock fragments in a soil profile will result 
in an equal percentage reduction in the saturated hydraulic conductivity of the 
soil. Hence, the corresponding change in the permeability class can be 
estimated from table 3-3. 

For example, a 40% volume of rock fragments in a severely eroding medium- 
textured soil (IS = 0.50) will cause at best a change of one step in the 
permeability class or a maximum increase of 0.025 units in the soil-erodibility 
factor. This represents a 5% increase in soil loss. On the other hand, a 40% 
surface cover with rock fragments causes a reduction in soil loss of about 
65% (Box 1981). For a less erodible soil (K = O.lO), a 40% volume of rock 
fragments represents a maximum increase of 25% in soil loss as reflected 
through the K value. 

Seasonal K Values K values are difficult to estimate mainly because of antecedent soil-water and 
soil-surface conditions and because of seasonal variations in soil properties. 
Because the value of these conditions and properties tends to be consistent for 
a season, it is thought that seasonal K values can reduce errors in soil-loss 
estimates. Based on this reasoning, Mutchler and Carter (1 983) in the United 
States and Zanchi (1983) in Italy computed monthly K values. They 
independently proposed a periodic function of the type 

K, = 1 + a cos(bt-c) [3-101 

where K, is the ratio of the average seasonal (monthly) K value over the 
average annual K value; t is the mean monthly temperature; and a, b, and c 
are location-dependent constants. Similar reasoning by El-Swaify and 
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Dangler (1976) and Hosoyamada (1986) led to the introduction of wet/dry K 
values in Hawaii and coldwarm K values in Japan, respectively. 

Variations in K through the seasons seem to be primarily related to three 
factors: soil freezing, soil texture, and soil water. Of these, the soil-freezing 
effect is probably the most difficult to evaluate. The effects of all three are 
now included in the average annual value. 

The ability to more accurately predict the soil-erodibility factor for soils that 
are subjected to freeze-thaw cycles has been hampered by the limited 
understanding of the processes and temporary changes occurring in soil 
properties and in the soil profile during the cycles. Although no relationships 
have been developed, studies have shown that soil freezing and thawing can 
change properties that affect soil erodibility. These properties include soil 
structure, hydraulic conductivity, bulk density, aggregate stability, and soil 
strength (Benoit 1973, Benoit et al. 1986, Sillanpaa and Webber 1961, 
Formanek et al. 1984, Van Klaveren 1987, Kok and McCool 1990). It has 
been shown that the soil-water content at the time of initial freezing, the rate 
of soil freezing, and the number of freeze-thaw cycles can significantly affect 
soil aggregation and aggregate stability in spring at the time of thawing 
(Mostaghimi et al. 1988). Freeze-thaw cycling generally leads to low bulk 
density of the surface soil (Pall et al. 1982). Conditions of low density and 
high soil water provide a soil surface that is very susceptible to soil 
detachment and transport. Differences in soil density may persist even after 
frost layers have thawed. This, combined with intense spring rains, often 
results in large soil losses. Thus, freezing and thawing tend to increase the 
soil-erodibility factor. 

High soil-water content can lead to the formation of concrete frost that is 
generally impermeable. Soil erodibility is then at a minimum, due to the 
soil’s frozen conditions. When soil with a concrete frost layer thaws from the 
surface, drainage is almost nonexistent. Although the soil is not apt to be 
exposed to many freeze-thaw cycles in these areas, the spring melt period of 3 
days to a month or more may still affect soil erodibility. During this period, 
a thawed surface layer of soil underlaid by a frost lens may exist, thereby 
impeding infiltration and water movement. Soil-erosion resistance is at a 
minimum immediately after the soil has thawed and tends to increase with 
time after thawing (Formanek et al. 1984). The greater the number of 
freeze-thaw cycles, the longer the erosion resistance of a soil is at a minimum. 
Because soil during the thawing period is extremely susceptible to erosion 
caused by snowmelt and rainfall, the soil loss is more likely to occur in that 
period. In regions where winter soil temperatures hover around the freezing 
point (such as in much of the Northwest Wheat and Range Region), the soil 
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surface is apt to undergo many freeze-thaw cycles throughout the winter, 
which tends to keep erosion rates high during this period. Reductions in 
surface-shear strength of 50% have been measured in a Palouse silt loam 
immediately after one freeze-thaw cycle, resulting in increased soil 
detachability in rills (Formanek et al. 1984). 

In the portions of the United States where frozen soil is not a problem, the 
value for soil erodibility gradually decreases over the course of the growing 
season until it reaches a minimum sometime near the end of the growing 
season. Then the erodibility value gradually increases until it again reaches 
the maximum value. This pattern generally follows the rainfall pattern for 
many areas. Although the actual length of the growing season varies in 
warmer areas, a value of 6 mo (183 d) appears to be a reasonable 
approximation of the time between maximum and minimum values of soil 
erodibility for many soils in the United States. In areas where the growing 
season or wet-dry periods are significantly different from 6 mo, the values 
must be adjusted accordingly. 

An approach to modifying K values for a given soil based on seasonal 
variation in erodibility is to assume an exponential'decay function for the rate 
of decrease in erodibility as the growing season progresses. The rate of 
change in soil erodibility would vary with different types of soil or soil 
textures (Kirby and Mehuys 1987). The relationship of soil erodibility to soil 
texture is adequately determined from the soil-erodibility nomograph 
(Wischmeier et al. 1971) and has already been determined for most of the 
significant soil series of the United States. By letting the ratio of Kax (the 
maximum value of soil erodibility for a given soil) to Gorn (soil erodibility as 
determined from the nomograph) be constant for a given soil texture, the 
magnitude of I$,,,, also becomes a function of soil texture. 

The time span between Gax and Gin (minimum value of soil erodibility) 
varies with location and soil. The limited available data suggest that in the 
North, maximum values of soil erodibility generally occur at or near the 
beginning of the frost-free growing season and gradually decline to a 
minimum value at the end of the frost-free growing season. Data also 
indicate that fax  (time of year at which the soil-erodibility factor is at a 
maximum) occurs progressively earlier from north to south, whereas hi,, (time 
of minimum erodibility) occurs progressively later. This is especially true 
where frost conditions exist during the winter months. In frost-free areas or 
areas with only minor frost activity, the time from maximum to minimum soil 
erodibilities corresponds more closely with periods of high and low rainfall, 
but seldom exceeds 6 mo. 
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The magnitude of the range of soil erodibility appears to vary, at least 
partially, with the soil water at the time of a rainfall event. The probability of 
the soil being wet at any time is a function of the timing and amount of 
annual precipitation which, for much of the United States, is reflected in the 
distribution of annual R values (Wischmeier and Smith 1978). Where average 
R values are low and monthly R values are less uniformly distributed (as in 
the northern United States), the range between 
(>7). Where R values are high and monthly values are more uniformly 
distributed (as in the southern United States), the range is usually narrower 
(<3). Where R values exceed 400, the range approaches unity. Data from 
long-term natural runoff plots at Morris, Minnesota, and Holly Springs, 
Mississippi, indicate that in northern Mississippi, K,,.,,, occurs in about 
mid-December and K, /Gin is approximately 3.7, whereas in central 
Minnesota, K,,.,,, occurs in about mid-April and K,,.,a/K,,,in is approximately 
7.6. 

and Gin is usually wide 

ax. 

Using data from one eastern Canadian province and from seven states in the 
midwestern and eastern United States, the following relationships were 
derived: 

Case 1: tmax<tmin 

If t,,, < ti < bin, then 

[3-1 I ]  

where Ki = soil-erodibility factor at any time (ti in calendar days), K,,,,, and 
K,,,. in = soil-erodibility factors at times ha, and tmin, respectively; At = length 
of frost-free period or growing period (1183 d); and T, = average daily air 
temperature. 

If ti < h, or ti > bin, then for T, > 27"F, 

Ki = Ginexp [0.009 (ti-tmin+3656)] [3-121 

with 6 = 1 if (ti-tmin) 1 0 and 6 = 0 if (ti-tmin) > 0 and for Tav 1 27"F, Ki = 

G i n .  
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Case 2: t,,, > tmin 

If tmax > ti > tmin, then for T, > 27"F, 

Ki = Kminexp [0.009 (ti - tmin)] 

and for T,, 5 27"F, Ki = hi;. 
If ti > t,, or ti < tmin, then 

with 6 = 1 if (ti-bax) 5 0 and 6 = 0 if (ti-tmax) > 0. 

However, if equation [3-111, [3-121, [3-131, or [3-141 yields 

[3-131 

[3-141 

The constant 0.009 of equations [3-121 and [3-131 was obtained upon fitting 
this relationship to the database. Based on data from four southern, four 
midwestern, and four northern soils, the ratios of Q,/Kmin and 
and the value oft,, for areas where R does not exceed 400 are as follows: 

Kmax/kin  = 8.6-0.019R, 

Km,JI&, = 3.0-0.005R, and 

[3-151 

[3-161 

[3-171 tm, = 154-0.44R. 

If t,, < 0, then tmax = t,,, + 365. 

These values, plotted against the distribution of annual-erosivity values, are 
shown in figure 3-4. Using this method, the average annual value of 
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erodibility (K?J will normally differ slightly from q,, and can be estimated 
from the relationship 

K,, = x(EIi)Ki  /lo0 [3-181 

The annual EI distribution for any location in the United States can be found 
using figure 2-7 and table 2- 1. The data from which the above relationships 
were derived were from the central and eastern United States and Canada. 
These are areas where isoerodent lines are approximated with reasonable 
accuracy and generally parallel each other as shown in figure 2-1 of chapter 
2. There were no erodibility data available from the western states to include 
in the analysis. In the western United States there is a great deal more spatial 
variability of rainfall due to orographic effects caused by the mountain and 
valley topography, combined with the Pacific maritime influence. Erosivity 
values calculated from rainfall amount and intensity in most of the cropland 
areas of the western United States are lower than the ones in the central and 
eastern United States and Canada, where the variable K relationships were 
developed. Also in the western states, topography and orographic influences 
result in large fluctuations in local average air temperatures and length of 
growing season which are difficult to quantify. More research is needed on 
the effect of R values and fluctuations in temperature and growing season 
length on seasonal variation of K values in the western states. Thus it is 
recommended that K values for the region west of the line shown in figure 
3-5 be estimated much as they have been in the past, from either the soil- 
erodibility nomograph or soil properties and the relationship shown in 
equation [3-11. 

Data from volcanic soils in Hawaii suggest a somewhat different soil 
erodibility relationship than the one discussed above. There is little seasonal 
variation of K for these soils since they are not normally subject to freeze- 
thaw cycles. Thus, for volcanic soils in tropical areas, it is recommended that 
K values be estimated based on soil properties and the relationship shown in 
equation [3-21. 

Following is an example of calculations for Ki and K, for a Barnes loam 
(Udic Haploboroll) near Morris in west-central Minnesota with an annual EI 
of 90 and qom of 0.28. The frost-free period, or timespan between Q,, and 
Gin, in west-central Minnesota is slightly less than 5 mo, or about 140 d 
(U.S. Department of Commerce 1968). 
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From figure 3-4 we arrive at 

hx = 154-0.44(90)=114 days (4124) bin = 114+140=254 days (9/11) 

K,,/K,,, = 3 .OO-O.OOS(90) ~ 2 . 5 5  K,,, = 2.55(0.28)=0.714 

Kmx/Kmin = 8.60-0.019(90) ~ 6 . 8 9  Kmin = 0.7 14/6.89 =O. 104 

Then, for the period from November 16 through March 15, when T,, 
527°F (see fig. 3 - 9 ,  Ki = 0.104; from March 16 through April 15 and 
September 1 through November 15 ( t i < h x  and t i>bln) ,  Ki = 0.104exp 
[0.009(ti-254+3656)]; and from April 15 through August 31 (Lax < t i<bin),  

Ki = 0.714 (0.146) ( ti-114 ) 1140 

From figure 3-5 

Kav = ~(E',)K, /lo0 = 28.507 /lo0 = 0.285 

Calculation of &, by use of this method provides an annual average value 
for soil erodibility closely resembling the nomograph value (0.28) but 
reflecting a more realistic representation of seasonal fluctuations in the value 
of K. This value is similar to an average annual value of 0.24 for Barnes 
soil measured from long-term natural runoff plots at Morris (Mutchler et al. 
1976). 

Figure 3-6 shows a plot of K versus time of year for a Barnes loam from the 
example shown above and for a Loring silty-clay-loam soil (Glossic 
Fragiudalf) near Holly Springs, Mississippi (using EI distribution values from 
Memphis, Tennessee). Calculated values for figure 3-6 are shown in figures 
3-7 and 3-8. Figure 3-6 indicates a slight increase in soil erodibility for a 
Barnes loam in early November. This behavior is due to the fact that once K 
reaches its minimum value at about the end of the growing season (sometime 
in early September) , erodibility begins to increase again until complete soil 
freezing occurs (usually in November). Once the soil is frozen, erodibility 
goes back to a minimum value and remains at that value until spring thawing 
occurs. The Loring silty-clay-loam soil from Mississippi does not reflect this 
behavior because complete soil freezing does not occur in that area of the 
country. 
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Table 3-1. 
K values obtained from natural fallow runoff plots 

Soil type' Location Family Period Slope Length K Source2 

ton 
("/.I (fi) 

acre rros.index 
Typic Fragiochrept 1938-45 Bath sil. 

Ontario 1. 

Cecil sl. 
Honeoye sil. 

Hagerstown 
sicl. 
Fayette sil. 
Dunkirk sil. 

Shelby 1. 
Loring 

sicl. 
Lexington 

sicl. 
Marshall sil. 
Tifton Is. 
Caribou grav. 1. 

Barnes 1. 
Ida sil. 
Kenyon sil. 

Grundy sicl. 

Arnot, NY 
Geneva, NY 

Clemson, SC 
Marcellus, NY 

State College, 

Lacrosse, WI 
Geneva, NY 

PA 

Bethany, MO 
Holly Springs, 
MS 
Holly Springs, 
MS 
Clarinda, IA 
Tifton, GA 
Presque Isle, 

Morris, MN 
Castana, IA 
Independence, 

Beaconsfield, 

ME 

IA 

IA 

Glossoboric 
Hapludalf 
Typic Hapludult 
Glossoboric 
Hapludalf 
Typic Hapludalf 

Typic Hapludalf 
Glossoboric 
Hapludalf 
Typic Arguidoll 
Typic Fraguidalf 

Typic Paleudalf 

Typic Hapludoll 
Plinthic Paleudult 
Alfic Haplorthod 

Udic Haploboroll 
Typic Udorthent 
Typic Hapludoll 

Aquic Arguidoll 

1939-46 

1940-42 
1939-41 

3NA 

1933-3 8 
939-46 

93 1-40 
963-68 

963-68 

1933-39 
1962-66 
1962-69 

1962-70 
1960-70 
1962-67 

1960-69 

19 
8 

7 
18 

NA 

16 
5 

8 
5 

5 

9 
3 
8 

6 
14 
4.5 

4.5 

72.6 
72.6 

180.7 
72.6 

NA 

72.6 
72.6 

72.6 
72.6 

72.6 

72.6 
83.1 
72.6 

72.6 
72.6 
72.6 

72.6 

'si 1. = silt loam, 1. = loam, sl. = sandy loam, sicl. = silty clay loam, 1s. = loamy sand, grav. 1. = gravelly loam 
2(a) = Olson and Wischmeier 1963 

(b) = Wischmeier and Smith 1978 
(c) = McGregor et al. 1969 
(d) = Lombardi 1979 
(e) = Mutchler et al. 1976 

3NA = Not available. 
4n.c. = Not calculated. However, soil-loss data for K-value computations are available from National Soil Erosion 
Laboratory, West Lafayette, Indiana. 
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Table 3-2. 
Regression data of K values on soil properties 

Study' Number Variables Variables in Coefficient of Most Dominant 
of tested regression determination significant soil 

Soils equation variable texture 

1 17 34 8 0.87 Slope Sand 

2 55 24 24 0.98 Clay Silt loam 

3 13 10 5 0.90 Agg. Loam 

4 55 NA3 5 NA M Silt loam 

5 7 35 2 0.95 M Clay 

6 10 20 5 0.97 0-0.25mm Clay 

ratiolOM 

' 1 = Barnett and Rogers 1966; 
2 = Wischmeier and Mannering 1969; 
3 = Young and Mutchler 1977; 
4 = Wischmeier et al. 1971; 
5 = Romkens et al. 1977; 
6 = El-Swaify and Dangler 1976. 

Clay ratio = % clay/(% silt + % sand); OM = organic 
matter; Agg. = an aggregation index; M = (% modified 
silt) (YO silt + YO sand), where modified silt is the 
particle size fraction between 0.002 and 0.100 mm (Wischmeier 
et al. 1971) 

3NA = Not available. 
Source: Romkens (1 985). 
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Table 3-3. 
Soil-water data for major USDA soil textural classes 

______~ ~ 

Saturated hydraulic 
Permeability conductivity* Hydrologic soil 

Texture code' ( i h )  group3 

Silty clay, clay 6 

Silty clay loam, sand 5 

Sandy clay loam, clay 4 

~ o a m ,  silt loam4 3 

Loamy sand, sandy 2 

clay 

loam 

loam 

Sand '1 

<0.04 

0.04-0.08 

0.08-0.2 

0.2-0.8 

0.8-2.4 

B2.4 

D 

C-D 

C 

B 

A 

A+ 

'Permeability codes used in figure 3-1 
for permeability classes. 
*Rawls et al. (1982) 
3See National Engineering Handbook (USDA 1972). 
4Note: Although silt texture is missing because of inadequate data, this should be in 
permeability class 3. 

See National Soils Handbook No. 430 (USDA 1983) 
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0 

0 

tn 

0 
x 
n 

0 

9 NOMOGRAPH DATA 

0 MINNESOTA SOILS 
0 HAWAII SOILS 

-+ MIDWEST SUBSOIL DATA 

Knom 

0 + 

Figure 3-2. Relationship between observed and nomograph-predicted soil-erodibility factor 
values of several U.S. data sets (0 Wischmeier et al. 1971; o Young and Mutchler 1977; 
0 El-Swaify and Dangler 1976; + Romkens et al. 1975). 
ton - acre * h (hundreds of acre-ft - tonf * in)-'. 

&,,, and Kobs have units of 
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Figure 3-3. Soi1;erodibility factor (K) as a function of the mean geometric particle diameter 
(Dg) (in mm). Values are given in SI units and should be multiplied by 7.59 to obtain U.S. 
customary units. Figure 3-3A represents global soil data, and figure 3-3B represents only U.S. 
data. Solid line was computed for averages of Dg classes with normal distribution. Vertical 
lines represent K values in each Dg class plus or minus 1 standard deviation. Numbers in 
parentheses represent number of observations and standard deviations for each Dg class. 
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1 .o 
0 Observed Barnes Loam 

0.8 

. r l O . 6  
x 

0.4 

0.2 
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Figure 3-6. Relationship of Ki to calendar days for a Barnes loam soil near Morris, 
Minnesota, and a Loring silty clay loam soil near Holly Springs, Mississippi. K is given in 
U.S. customary units. 
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File Exit Help Screen 
c Seasonally Variable K Factor SWCS1.02 > 

city code: 23003 MORRIS MN estimated K: 0.28 
hyd. group: 1 % surface covered by rock fragments: 0 
soil series: Barnes surface texture: 1 

DATE 
1/1-1/15 
1/16-1/31 
2/1-2/15 
2/16 -2/28 
3/1-3/15 
3/16-3/31 
4/1-4/15 
4/16-4/30 
5/1-5/15 
5/16-5/31 
6/1-6/15 
6/16-6/30 

- - %EI- 
0.0 
0.0 
0.0 
0.0 
0.0 
1.0 
1.0 
1.0 
3.0 
5.0 

12.0 
13.0 

-K 
0.104 
0.104 
0.104 
0.104 
0.104 
0.589 
0.68 
0.714 
0.589 
0.479 
0.384 
0.312 

-DATE 
7/1-7/15 
7/16-7/31 
8/1-8/15 
8/16-8/31 
9/1-9/15 
9/16-9/30 
10/1-10/15 
10/16-10/31 
11/1-11/15 
11/16-11/30 
12/1-12/15 
12/16-12/31 

- %EI- 
13.0 
14.0 
14.0 
13.0 
5.0 
3.0 
1.0 
1.0 
0.0 
0.0 
0.0 
0.0 

-K- 
O. 254 
0.206 
0.166 
0.135 
0.108 
0.115 
0.132 
0.151 
0.175 
0.104 
0.104 
0.104 - - - - -  

EI DIST.: 86 FREEZE-FREE DAYS: 140 AVERAGE ANNUAL K: 0.262 
R VALUE: 90 Kmin = 0.104 on 9/11 Kmax = 0.714 on 4/24 

c Esc exits 
Tab Esc F1 F2 F3 F4 F6 F9 
FUNC esc help clr cont call list info 

File Exit Help Screen 
c Create/Edit City Database Set SWCS1.02 

city code: 23003 city: MORRIS state: MN 
total P: 23.9” EI curve # :  86 Freeze-Free days/year: 140 
elevation: 0 10 yr EI: 80 R factor: 90 

Mean P Tav (deg. F) %EI %EI- 
13: 36 1: 0.69 1: 10 1: 0 

2: 0.72 2: 15 2: 0 14: 49 
3: 1.15 3: 26.5 3: 0 15: 63 
4: 2.45 4: 40 4: 0 16: 77 
5: 2.91 5: 57 5: 0 17: 90 
6: 3.91 6: 66 6: 0 18: 95 
7: 3.29 7: 72 7: 1 19: 98 
8: 3.13 8: 71 8: 2 20: 99 
9: 1.91 9: 60 9: 3 21: 100 

10: 1.85 10: 50 10: 6 22: 100 
11: 1.13 11: 30 11: 11 23: 100 
12: 0.74 12: 17 12: 23 24: 100 . F7 Saves, Esc Returns to CITY Main Menu >A 

Tab Esc F1 F2 F7 F9 Del 
FUNC esc help clr save info del 

~ , Figure 3-7. Computer screen showing calculated semimonthly K values for a Barnes loam 
soil near Morris, Minnesota (R = 90, &om = 0.28, freeze-free days = 140, At = 140). 
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File Exit Help Screen 
c Seasonally Variable K Factor SWCS1.02 > 

city code: 42003 MEMPHIS TN estimated K: 0.498 
hyd. group: 1 % surface covered by rock fragments: 0 
soil series: Loring surface texture: Sic1 

'aEI K- 
6.0 0.281 

0. ; 7 ! : % 5  6.0 0.258 

-.DATE BE1 
1/1-1/15 3.0 
1/16-1/31 3.0 0.738 7/16-7/31 
2/1-2/15 3.0 0.673 8/1-8/15 4.0 0.297 
2/16-2/28 4.0 0.617 O 8/16-8/31 4.0 0.34 
3 /1-3 /15 4.0 0.572 O 9/1-9/15 3.0 0.393 
3/16-3/31 4.0 0.524 O 9/16-9/30 3.0 0.45 
4/1-4/15 6.0 0.477 0 10/1-10/15 3.0 0.515 
4/16-4/30 6.0 0.437 O 10/16-10/31 2.0 0.59 
5/1-5/15 5.0 0.401 O 11/1-11/15 4.0 0.681 
5/16-5/31 6.0 0.367 O 11/16-11/30 4.0 0.747 
6/1-6/15 5.0 0.335 O 12/1-12/15 3.0 0.747 
6/16-6/30 6.0 0.307 O 12/16-12/31 3.0 0.747 - - - - -  
EI DIST.: 106 FREEZE-FREE DAYS: 237 AVERAGE ANNUAL K: 0.478 
R VALUE: 300 Kmin = 0.258 on 7/23 Kmax = 0.747 on 1/21 

c Esc exits > 
Tab Esc F1 F2 F3 F4 F6 F9 
FUNC esc help clr cont Call list info 

File Exit ' Help Screen 
c Create/Edit City Database Set SWCS1.02 > I------ 

1: 4.61 
2: 4.33 
3: 5.44 
4: 5.77 
5: 5 . 0 6  
6: 3.58 
7: 4.03 
8: 3.74 
9: 3.62 

10: 2.37 

city code: 42003 city: MEMPHIS state: TN 
total P: 51.6" EI curve #: 106 Freeze-Free days/year: 237 
elevation: 263 10 yr EI: 90 R factor: 300 

Mean P Tav (deg. F) %EI %EI- 
1: 41.6 1: 0 13: 55 
2: 44.5 2: 3 14: 61 
3: 52 3: 6 15: 67 
4: 61.75 4: 9 16: 71 
5 :  70.05 5 :  13 17: 75 
6: 78.3 6: 17 18: 78 

19: 81 7: 81.2 7: 21 
20: 84 8: 80.25 8: 27 

9: 74.25 9: 33 21: 86 
0: 63.55 10: 38 22: 90 

11: 4.17 11: 5 0 . 6  11: 44 23: 94 
12: 4.85 12: 43.25 12: 49 24: 97 

F7 Saves, Esc Returns to CITY Main Menu > 
Tab Esc F1 F2 F7 F9 Del 
FUNC esc help clr save info del 

Figure 3-8. Computer screen showing calculated semimonthly K values for a Loring silty 
clay loam soil near Holly Springs, Mississippi (R = 300, 
At = 183). Nearby Memphis climate data used in Holly Springs. 

= 0.50, freeze-free days = 237, 
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