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The rainfall and runoff factor (R) of the Universal Soil Loss Equation (USLE)
was derived (Wischmeier 1959, Wischmeier and Smith 1958) from research
data from many sources. The data ir dlc,te that when factors other than
rainfall are heid onstant, soil losses cultivated fields are directly
proportional to a rainstorm parameter the total storm energy (E) times the
maximum 30=mm intensity (I5,).

Rills and sediment deposits observed after an unusuaily intense storm have
sometimes led to th i wit

o
\
only a few severe sto ___s---h,

rainfall factor used to estim te verage annuai soii i S mus
cumulative effects of the many moderate-sized storms as well as the effects of
the occasional severe ones.

effect of raindrop impa

The numerical value used for R in USLE and in RUSLE must quantify the
act c

likely to be associate d with

\ me

Wischmeier appears to et these requlrements better t any of the many
other rainfall parameters and groups of parameters tested against the plot data.
The local value of this index may be obtained directly from maps However,
the index does not include the erosive forces of runoff from snowmelt, rain on
frozen soil, or irrigation. A procedure for evaluating R for locations where
this type of runoff is significant is given in this chapter under "R Equivalent
(R,y) for Cropland in the Northwestern Wheat and Range Region."

In RUSLE, the computational scheme is identical to that used in USLE, with
a few exceptions (as noted later).

N

[\S]



The value of EI for a given rainstorm equals the product of total storm energy

e s R . ~n . .« ., P . - . . . ~,
(E) times the maximum 30-min intensity (I,,), where E is in hundreds - ft-
tanf o anral 2md T Scim dnm c h'l BT g am ohlheacintinm Far amerat timac

iOn1 ° aCIc , anda 13is in il * i L1 1S an aooreviation 10T energy times
intensitv. and the term should »nor be considered <imniv an enerov narameter
AAAUV‘AULUJ ’ CALANE VAAW VWA LLL VALV GAANG TNV VW WULAJANAWA WS h,llllyl.’ (S 8 Vll\vls] ymmll\-tvl
TVN~a- L. abl s 2 O 1Y . a1 . o _ 1 = X _a_ . L

pdlada S1N1Ow LUldl 1dlIilidil Cncrg_v ILSCIL 1S ot a gooa 1naicator o1 €rosive
natential  The ctarm enerov indicatac the valiime aAf rainfall and mmnaff hnt o
PULULJI.I.“I A LiWw OJLULiLL \.ﬂl.l\/l.s] AliMMAVALVO UiV YULULILIV VL 1dlllidall aliavg lwlull, vuL a
long, slow rain may have the same E value as a shorter rain at much higher

intensity. Raindrop erosion increases with intensity. The I,, component

cts the prolonged peak rates of detachment and runoff. The product term

-t
a
—+
=
[¢]

T 260 a atntictinal tadamn bl e bmaeeee sl o0Vt Lo kot o o1 1.

L1 1> d dldaulsiiidal HICIdCLOUIL OLIIL Uldl ICLICCLS [10W W0ldl cncrg ala pt:'cu(.
intenqitv are combined in each narticnlar ctorm Tachnically the tarm
ARAVWVILIDLAL) WAV VVILLUVLLAIVM 1l vawvias lJuL tivuiidal OwUVl1ili. lv‘dlull\/ulll’ Lilw Wil

. * 4 Ve ekt R 4 . . .
indicates how particie detachment is combined with transport capacity
Annandiv R illnigtratac hawur tha nralanlatinng ara mmada feram rannrdinag ratnoaos
nyycuuxz\ 1J 111uduatvo 11U VY UuUlv valivuiauvlly 4alv lliauv 11VUill1 1 bUlulllé'l 1115a.5c
data,

parameter’s individual storm values are directly additive. The sum of the
otnrm ET "ﬂ“‘ﬂﬂ Pf\" o n;tran r\av:r\r‘ :ﬂ o “i‘ma-‘:t\ﬂ‘ A AN IeS f\c 4'1-\1:; avnﬁ:vra
SlULLLL 1u1 valuvd 1Vl a glvuil puiluvu 1D a liulliviival uivas Ul UWiC ClUdlvVe
potential of the rainfail within that period. The average annual total of the
atmaan T cenlicna 22m a2 semedomseloaae Ta 100 . S 4l 2 C. 11 . _ . *_31_._. /D\ C-_
SLWUILIIL 1 valuds 11 a pdittulal 10Callly 15 UIC raliiall €rosion imacx (i\) 10r
that localitv. Recanse of annarent cvclical natterng in rainfall data early
ALV l.\lvulllv!. A WWAMIOWY UL uyruxlel \!J WwWiiwiad yu‘t\dlllo 411 LQii1116811 \J“b“, UN‘J
ublished values for rainfall erosion indices (for example, in Agriculture

ilaﬁdbook No. 537) were based on Zé-yr stati_on r;I{I‘lfall rec;n—'ds. Lonéer

e

records are advisable, especially when the coefficient of variation of annuai

precipitation is large.

Dales Al nccncie AL Voo dlen e N & 2 ccomcan o~ ? aa 1 £ ___ a1 __ _ 1 ___

INdlIl SINIOWCIS 01 ICSS UldIl V.0 111 WECTIC OITIEa Irom u€ €rosSioIn 1nacx
croamnntatinne 1nlace at laact N 28 1in Af rain fall in 18§ min Funrtharmara a
VULII}J\-&E“&IUIIO, Ulliwow QL L1vOOoL V.l 111 VUl 1QAAL ANIL 1AL LD RRLLAL A l.ul.u\.;xxxu.u.v, a
storm period with less than 0.05 in over 6 h was used to divide a longer

oM andieraler 4lamcr Tamerm 15440 a affand man b A0 Sl af o Lol T Ao
COLICCLVClY, UICY 11dVE LILUC CLICCL OI1 UIC JISU1IDULOIl O1 UIC dillual £1 Or
ercsion The cost of abstracﬁnn and analvzino 4 D00 lacatinn_veare nf

. 5 CALiNg ml“l]bllls -"UUU AVwVaLIViL JUNQ Vi
rainfall-intensity data used to develop the initial R-factor map was greatly
radnirad hy adanting tha thrachnld valiva AFf N & i
réaucea oy aaopiing tne inrésnoia vaiue o1 v.o 1.

The energy of a rainstorm is a function of the amount of rain and of all the
storm’s component intensities. The median raindrop size generally increases
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Values of the regression parameter b ranged from 1.08 to 3.16, varying
widely from one climatic zone to the next

To supplement this work, 1,082 stations were used to calculate (EI)s,. Of
these stations, 790 had 20-yr record lengths or longer. These data values
were adjusted to a 15-min measurement interval using the correction cited
above. Computed values of (EI),, for each 60-min station were multiplied by
the average regression parameter b (computed for all 15-min stations in the
climatic zone co ntammz the 60- mm statlon) to ob ain cgulvalcnt 15-mm

basis by use of R = 1.0667 (“)l (Weiss 1964) T e esultlng isoerodent map
(R) was prepared by hand contouring the adjusted R values for stations with
record periods of at least 20 yr. The resulting iscerodent maps for the West
is a significant improvement over that available in Agriculture Handbook No.
537 (Wischmeier and Smith 1978). Seasonal EI distributions were developed
for 84 climate zones in the western States. The maximum storm 10-yr-

frequency EI values were calculated as part of the project. In this analysis,

for areas where winter precipitation is predo minantly snowfall, the snowfall

months were excluded from the EI development. Thus, in the CITY database,

the winter months show zero percent EI

In Hawaii, isoerodent maps of figure 2-5 were computed by the use of
class-A weather stations to ccmpl._te R and by relating these values to National

Weather Service intensity-frequency data for Hawaii. EI distribution data

were also calculated tor select Hawauan stations to use in the calculation of

SAancA A ssrme ~la

debOIlduy weighted K values (ch. 3) and C values (ch. 5).
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Figure 2-7 shows the 120 homogeneous climatic zones in the contiguous
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UILIIICU OLatod UdLU 11l NU oL, 111U 101 UIDUIUULIVILIL VAluuvd 1UL vauvil Ul uivov
zones have been determined and are available in the computer code Table
2-1 shows the EI distributions for the

well as the equivalent EI distribution
Northwestern Wheat and Range eg'on.
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However, in RUSLE, K,, (EI-weighted average annual K value) is used
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and northern Idaho). The following LS relationships were used for (R,,),,
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The soii-ioss ratio

curve [exp (-0.05 - % cover)].

field observations. Most values used were about 1.1.
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Adjustment for
Interrill and Non-
Winter Soil Loss

The soil-loss ratio (SLR),, was then computed as the product of these five
factors.

Tha urintar ciimnnrt neantinac fantar D\ wwac aconimad ta ha niniéxsy  Thao
11IC Willlvl dSUu PULL Plabllbcb LQDLUL \1 WI'} vwad adoullivu WU uUC lll.y lllub,
(R ) was calculated for each vear for each zone or countv bv averaoino aii
\“eqlwr TIRY TRRATISLINIVES 4VE TRYEL J VRS AVE TRATES ALY VR TRRRAAY VYJ BT Winpliip Wi
segment values.
The individual zone (R,,),, was averaged over the years of record to obtain a
zonal average value. The data pomts were reduced from 10 to 7 based on the
number of segments and strips in a zone or county in a given year and on the
sacssnaleci AL crnnsa AL Joda 2o o mmzaa me AmTIzzede MLl 4l o e~ 2a . A1 a1 .
IIUIINoCcI 01 yCdIb Ol ld 111 4 ZOIIC OI COUu lly 111IC UUucCce pU S aciCica wcerc
all fram no i‘\,r\entr Orennn Thece averao, N
CAAL AAVIALL IAVA UL W AL 5\}‘]. 4 Liwow “'\/l“s v e vy ~ “ \.lu AAL. J
correlated against published annual precipitation for corresponding zones to
Alhtain
vuvilaiil

(R) = -110.3 + 10.78 P 12-13]

€q/ wr -
. L 1
r“- =098

xrrhara D — annital meanimitatinm F1m)
WI1IC1C I — alliuail !Jlel!JlL L1Vl (111)

Measurements of the rill to interrill ratio soil loss in the Northwestern Wheat
and Range Region vary greatly. For example, rill-erosion measurements near
the Columbia Plateau Conservation Research Center near Pendieton, Oregon,




Rainfall-Runcff Erosivity Factor (R)

The nonwinter component of soil loss was estimated in two ways, each of
which gives a ratio of roughly 5% of the annual R, occurring during the
nonwinter periods. Thus, we estimate total annual soil loss as

R =R -J100 . 100 [2-15]

eq  \"eq)y, 90 5 - .

and finally

R, = -129.0 + 12.61P [2-16]

rthwest Wheat and Ran d

For lower precipitation areas of the No

a frozen soil erosion problem, the following relationship will provid
smooth transition from the R, to the non-R,, zone:

R,, = 1.602 exp(0.2418 P) 7.5 <P < 15.0 2-17]

Equation 2-17 should be used for P < 15.0.

The P and R,, maps for the cultivated areas farmed with winter wheat, spring
wheat, spring barley, peas, or lentils in the Northwestern Wheat and Range
Region are shown in figures 2-13 to 2-16. The small-grain areas include
higher elevation forest and grazing land as well as the cultivated valleys and
lower slopes. In general, winter wheat is not grown where P is greater than

3 6i

o Values greater than 320 (P = 35.

g
S
=t
(98]
(9]
5
~
=
S
»n
5
o
)

It was necessary to distribute the R, throughout the year. The nonwinter
component (5% of the total) was distributed uniformly from April 1 through
PO R L o czrocmd e s em s st ~ L Al 4 a_ ssvmnes Alcdel o2 1 £ ___
September 30. The winter component (5% of the total) was distributed from
October 1 through March 31. Based on historical soil-loss data from PCFS,
the period of major erosivity was assigned to late January and early February

Erosivity then tapered gradually to October 1 and more steeply to March 31

(see Pullman, WA, CITY database for the R, distribution data).
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Rainfall-Runoff Erosivity Factor (R)
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Figure 2-15. R_. for cropland areas of Washington, Oregon, and northern Idaho in and
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