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ABSTRACT

The objective of this project was to study the pro

cess of soil loss by water on this one watershed and deter

mine the effect of various hydrologic parameters.

The 1971-72 wateryear provided good data and 3.71

tons/acre soil loss was measured on a storm basis. The

nnual figure is estimated to be 4 tons/acre which would

include unmeasured events and low flow periods with minimal

losses. The 1972-73 wateryear was a poor year from the

standpoint of erosion data as it was quite dry. However,

three of the events which occurred were of the frozen ground

type which provided valuable hydrologic data. Frozen ground

events were deleted from the erosion data analysis.

The soil loss events that were not on frozen ground

were analyzed on a storm basis and a predictive equation for

use on this watershed was developed by multiple regression

techniques using several hydrologic parameters. Soil loss

was found to depend mainly on amounts and timing of precipi

tation, volume of runoff, snow melt, and the conditions of

the soil.

The data collected yielded good results but left

unanswered the question of the effect of cropping patterns,

tillage practice, slope, slope length, and slope aspect on

soil erosion. These parameters are all very important to

amount of soil loss but did not vary in this case because

the work was done on one watershed with one cropping practice

i i
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heavy sjr-iiig- rooff has Jong caused serious soil

erosion arr! dej>lclion of so i. .1 mitr.itMiis on agricultural

watersheds in 11. :.• Palouse region. Three types of events

which normally occur from December through March provide

I lie so lire e Ior In I'llllOi !. These arc:

melted by warming temperatures and

.rainfa.II.

2. Prolonged precipitation on ground

preyiously frozen by a period of low

temperature

3. Rainfall on hare, unfrozen ground when

soil moisture is very high and the in~

filtration rate is low-

The first event is the most common in this area for

generating large sediment yields, Tlie moisture stored in

the snow pack increases as snow occurs until a warming trend

causes the snow to change to rain and the pack begins to

ripen and melt.. If tlie rain is of sufficient duration to

produce more water than can be stored in tlie pack, water

will begi)) to drain from the snow. If water drains from

the snow at a rate greater than the infiltration rate of

tlie soil, runoff will occur*. The erosion process will then

commence and continue as long as the precipitation persists.

The second event occurs less frequently, and though

often net a siiriii rienni contributor to the problem of soil
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summer fallow or freshly cultivated ground can cause great

amount s o f eras i.op..

In the Palouse region 95 per cent of the soil erosion

occurs in the period of December through March and approxi

mately 90 per cent of the annual discharge of water, nitrogen,

and phosphorous (ARS, 1972). The amounts of soil and nut

rients eroded due to this runoff are a very significant prob

lem of the agricultural industry in the Palouse.

Tlie problem of runoff and erosion not only affects

the land on and around which it occurs, but also affects

streams and reservoirs into which the watersheds drain.

Land damage includes productivity loss, roadway and drainage

ditch siltation, slope disturbance, and esthetic loss; while

stream and. reservoir damages include flooding, nutrient and

organic matter pollution, stream channel siltation, loss of

recreational value, disruption of stream ecology, loss of

reservoir capacity, and again esthetic loss (Brandt and

others, 1972). These problems are all prevalent in the

Palouse region.

It is not possible to determine precisely the costs

of these damages to our environment and productivity. Some

of the damages could be estimated but these are really only

secondary costs and vary greatly in different areas of the

Palouse. The true cost is the loss of a non-renewable re

source, toj) soil, and the ecological disruption caused by

the sediment.
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Impetus for erosion contia)! is coming from legisla

tion at the federal, state, and local level lo provide means

to control those who waste this resource. Therefore, better

means to predict such losses must be available so that guide

lines for soil erosion have a sound basis.



FIGURE la: Thompson watershed and surrounding area
(summer 197 2).

FIGURE lb: Xorih facing slope of Thompson watershed
(summer 197 2).
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PURPOSE

The objective of this study was to collect and ana

lyze information related to sediment yield Iron, individual
runoff events. The process of soil erosion and parameters

involved therein was the primary interest of this thesis.
At the present time there is no workable method by which to
predict or measure amounts of soil erosion which occur on a

watershed in this area.

Two basic objectives were pursued in this thesis:

The first was to qualitatively describe the soil erosion
process in the Palouse area and second, to obtain aquanti
tative description of soil erosion on the study watershed.
This information will facilitate the development of soil

erosion prediction methods in the Palouse area.



7

LITERATURE REVIEW

Physical Process of Erosion

There are two definitions that are integral to the

understanding of this study. They are:

Erosion: detachment and removal of rock

particles by the action of water

and wind.

Fluvial sediment: an accumulation of rock

and mineral particles transported

or deposited by water.

(From: Committee on Sedimentation, 1965)

The scope of this thesis encompasses the erosion of soil by
rater and the accompanying transport of the fluvial sediment.
In this thesis the term soil erosion is used to describe the

detachment and transportation of the soil by water.

As stated there are two mechanical processes that

must take place to have soil erosion. First, the particle
must be detached from its surroundings. The energy required
to accomplish this may come from two general sources; runoff
water and/or raindrop impact. Secondly, the detached parti
cle must be moved which involves transportation. The same

two sources of energy are available to transport the detached

particles.

The relative amounts of soil detached and/or trans

ported by each of the energy mechanisms is dependent mainly
on the intensity of the rainfall. East of the Rocky

w
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Mount a. ins where very high rainfall intensities are charac

teristic, most soil detachment and some transportation arc

attributable to raindrop impact. However, in tlie Pacific

Northwest (characterized by tlie study area), rainfall inten

sity is usually very low and raindrop impact contributes

little to the detachment or transportation of the soil. In

this region almost all detachment.- and transportation is the

direct result of runoff water. The basic difference between

these two areas is the two different forms of energy release,

High intensity rainfall releases its energy through impact

while during low intensity rainfall, runoff creates a shear

stress which detaches the soil particles. The difference in

the energy mechanisms which generate soil erosion seems to

be the reason why universal empirical soil loss equations

have been unsatisfactory.

Erosion Eq11at ions

To develop a soil loss predictive equation that would

be truly universal would require a complete understanding of

all physical parameters involved in the mechanics of sediment

detachment and transport. This would indeed be an extremely

complex undertaking. However, research has been conducted

to find the most important variables involved in the trans

port and detachment phenonema and soil loss equations have

been developed.

The general categories of variables which must be

considered in any predictive equal.ion are cLi ma tic. factors,



watershed characteristics, and land use and treatment

(\vI11 iams and nthers, .1 97.1 ).

There have been two common types of predictive equa

tions developed. The first is the gross-eroc on equal.J on.

This type is characterized by the Musgravc Method (Musgrave,

1947), the Soil Conservation Services TP-97 (Gottsehalk and

Bruno. lOaO). and uischmoier and Smith's "Universal Soil

Loss Equation" (USEE) (ARS, 1961). These equations are based

on plot or field data and a delivery ratio must be included

to predict soil loss on a watershed basis. The USEE is by

far the best developed and is the result of thousands of ,-

plot years of data.

Using the USEE as an example, the gross sediment yield

from the entire area of the watershed in question is predic

ted then a delivery ratio is computed and used to predict

actual sediment yield leaving the watershed. This was done

with success using a modified USEE and delivery ratio in the

Texas Blacklands by Williams and Berndi (1972). However,

Beer tested the three aforementioned unmodified equations

with data from 24 reservoirs and concluded they were not

applicable to these watershed complexes because of inability

to develop a satisfactory delivery ratio and difficulty in

adapting plot parameters to watershed characteristice (Beer

and others, 1966).

The second type of predictive equation establishes

mathematical relationships between watershed and hydrologic

parameters and soil loss. To devel op this equation, it is
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vy to solve a scries of corn).] ex equations. .The use

fa digital computer simplifies this task. Fiaxman (1.972),

Williams (1971), and Anderson and Wa.llis (196o) have ail

used statistical methods such as multiple correlation, mul

tiple regression, and factor analysis to predict sediment

yield in this way. Williams (1971) felt by use of these

tions and a better insight into the relative importance of

physical parameters involved could be obtained.

In summary, there arc several observations to be

made. As for the first type of equation, in particular the

USEE, these were developed from data taken from east of the

Rocky Mountains (high intensity rainfall area). It is dif

ficult to apply this equation to this area because of the

difference in the source of energy input and the lack of

data to use in developing the climatological and watershed

characteristic parameters. As an example of tlie energy in

put problem, one of the most important parameters in the

USEE is the rainfall factor R which is the number of erosion

index units in the annual rainfall. This R value is a meas

ure of the level of kinetic energy imparted on the soil an

nually. Representative values are: Mississippi-600, Texas-

100 to 500, and Colorado-50 to J00. Pullman, which is rep

resentative of the Palouse region, has a computed R value of

9, Supposedly this would indicate little erosive force

whereas high rates of erosion arc apparent. Another problem

is that these conations were developed on an annual basis
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thus using this type of approach does not take into account

the timing of the events. Erosion events that occur close

together will produce more sediment than those spread out

over a longer period of time. This is because soil moisture

will remain high if there is insufficient time for the water-

to percolate or evaporate; and, therefore, soil will be more

easily eroded.

In lieu of an equation encompassing all variables

that predicts erosion from the dynamic particle point of

view, it would seem the best approach is the statistical one

for the watershed or area in question. However, because of

its wide use, the parameters from the USEE will be explained

and values for the Palouse country will be given as close as

possible in the section on analysis of data.

Erosion in the Palouse

The Palouse region is an area of low intensity rain

fall where rainfall rate is rarely greater than 0.1 inch

per hour except for very brief periods. Also, continuous

rainfall events during the peak erosive period (December

througli March) seldom exceed one inch. Since both amount

and intensity of rainfall are small, soil must be eroded .

by runoff and not rainfall impact.

Runoff occurs when the water input (including snow

melt) is greater than the infiltration and evapotranspira-

tion (ET). Since ET on a short-term basis is very small in

comparison to tlie input, especially in the winter months,
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the runoff is directly related to the infiltration capacity

of the soil. In the Palouse infiltration is limited by four

main factors:

1. Crust development on pulverized wheat

fields (McCool and Johnson, 1973).

2. Soil moisture at relatively high

levels due to summer fallow.

3„ Surface condition-frozen or unfrozen

ground.

4. Soil saturated due to previous events.

Excluding frozen ground, it is usually difficult to deter

mine which of the remaining three have the largest effect

on infiltration in a particular situation. Usually it is a

combination of all limiting factors (except frozen ground)

that restricts the infiltration and thus increases runoff.

Frozen ground does cause impermeable conditions if the soil

is nearly saturated before freezing. However, frozen ground

events in the Palouse are not frequent and their contribu

tion to sediment yield is small. From observations, then,

it would seem that runoff waters provide the majority of

energy for detachment and transportation of soil in the

Palouse.

Sediment yield is directly dependent on the cropping

and tillage practices in effect on the watershed if all

other things are equal. The type of crop, crop rotation,

seed bed preparation, and general tillage work all greatly

influence the ability of the soil to resist erosion.
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Kaiser (1961) gives a relative soil loss for different

cropping systems in the Palouse (Table 1). These values

are relative in that field management can greatly influence

these figures. By far the worst contributor to soil loss

on a per acre basis is the practice of summer fallowing.

The practice was developed to conserve soil moisture, con

trol weeds, and provide soil nutrients. However, the con

tinuous cultivation of this soil during the summer and fall

prior to planting leaves it devoid of organic matter

Cropping System

Alfalfa & Grass (4-6 years):
Grain (1-2 years)

Alfalfa & Grass (3-5 years):
Grain & Peas (3-5 years)

Alfalfa & Grass (3-5 years):
Grain & Peas (6-10 years)

Clover & Peas:Green Manure:
Grain

Recropping with Grain*

Clover & Peas:Green Manure:
Gra in: P ea s :Gra in

Grain:Peas

Grain:Fallow

♦Corresponds to Thompson watershed
cropping.

Table 1: Soil loss in tlie Palouse from water and tillage
for different cropping systems.

s oil Loss

(t ons/'acre)

1. 8

4. 4

4. 9

5. 0

5.,0

6,,0

7 .5

12 .0
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that would increase infiltration and in a pulverized, smooth

surface condition which is highly susceptible to erosion.

Most good farm managers recognize the problem and summer

fallowing is slowly being phased out since soil moisture is

adequate without it; herbicides can control weeds, and fer

tilizers will replenish soil nutrients.

There have been prior studies of erosion in this

area. During the period of 1932 to 1947 data from the

Pacific Northwest Conservation Experiment Station were col

lected (Horner and others, 1942). Much of this work dealt

with soil loss as it was part of a nation wide data acquisi

tion system on soil erosion. However, the data collected

were not found to be compatible with the rest of the erosion

research stations and much have since been lost or destroyed,

Some of this information can be obtained (Horner and Naff-

ziger, 1942). However, even this information is fragmentary

and soil treatment during the experiment was not standard

ized or listed. This information is currently being re-an

alyzed by Don McCool (ARS, Pullman, Washington) in hopes

that it can be useful in an attempt to develop a soil loss

equation generally applicable to this area.

There is and will be a problem of soil erosion as

long as present day agricultural practices are in effect.

The only sure solution is to plant the Palouse hills back

to its natural grasses. Only a hard core environmentalist

would consider this a solution. Combative measures such as

terraces, control structures, and slope reduction are not
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economically or physically practical in most cases. Soil

stabilization must be brought about by biological, mechani-^

cal, or chemical means at an cconomiccilly feasible level.

This, however, is another problem and is being studied by

many scientists. The aforementioned analysis of tlie mech

anics of soil erosion conducted by Don McCool (ARS, Pullman,

Washington) is progressing; however it is slow because of

the large amount of data required to give reasonable results,

In the meantime, work must continue towards developing a

usable soil loss equation for this area so that soil erosion

and its accompanying problems can be designed for and

reduced.
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DESCRIPTION OF STUDY AREA

Watershed Description and Characteristics

Thompson watershed is located on the eastern edge of

the Palouse agricultural region approximately six miles

northeast of Moscow, Idaho. The watershed is somewhat oval

in shape and covers an area of 8.2 acres. The slope of the

watershed ranges from nearly level at the instrument shel

ter to 20 per cent. Average slope as computed from the

equation given by Williams and Berndt (1972) gives a value

of 15 1/2 per cent for the entire watershed. The slope

areas are approximately evenly divided between north facing

and south westerly facing segments. Because of continuous

cropping no permanent stream channel exists. However, by

the conclusion of spring runoff, rills of sizable dimensions

may exist. (Note Figure 3).

The soil is basically a silt loam which ranges from

a sandy silt to a clayey silt and has a depth of approxi

mately 5 feet to restricted permeability (Neff, 1966).

Davis (1971) gave a good review of the soil characteristics

on Thompson watershed. This paper should be referred to for

additional soil data.

The geographic location of the watershed (close to

Moscow Mountain) is such that the area receives slightly

more rainfall than other segments of the Palouse region to

the west. This must be considered when comparing it to the

rest of the Palouse area.. Other* than the higher amount of



FIGURE 3a: Typical erosion on upper portion of
Thomp son watershed (19 1̂-19/ .c ;.

FIGURE 3b: Severe erosion on lower portion of
Thompson watershed (1971-197 2).

17
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annual, pore ipi 1aIion, Thompson watershed is fairly represen

tative of the roiling Palouse hills hydro Iogi.ca 11 y and phys-

iograph! ca.l iy.

The watershed is farmed by a local resident and has

been planted to spring barley for the past four years. The

barley is usually planted in late April or early May, harvest

ed in August, and the ground is then plowed. This practice

leaves the ground in a good state for erosion prevention as

the field is contour plowed and large amounts of organic mat

ter are incorporated in the top six inches of soil. However,

in spite of this, sufficient erosion occurs as to be detri

mental to the long range productivity of the watershed.

Instr u m ent ation

Complete hydrologic data were collected during the

course of the project. Some of this information was extra

neous to the erosion study but was obtained in order to

compile additional hydrologic information. The actual data

and instrumentation used in the erosion analysis will be

described in detail. The additional data and instrumenta

tion taken will be listed for future use.

Precipitation. There were four rain gages on the wat

ershed during the project. Tlie standard can type used by

Davis (1971) was maintained and gave reasonably accurate data

for gross weekly precipitation during the winter months. Da

ta from this gage were used as a check on total precipitation
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However, precipitation data for a storm-by--storm analysis

of erosion events for a particular time period could not be

determined from this gage. During the spring and summer

months a large portion of the precipitation catch evaporated

before measurement so the use of this gage was discontinued

until late fall.

The second gage was a heated tipping bucket gage in

stalled in March, 1972, at the instrument cluster. This

gage was coupled to a Rustrack 4-channel recorder and gave

a very good indication of the distribution of rain during

the winter months. However, it was discovered when tlie heat

was turned on, significantly less rainfall was recorded than

by any of the other gages. This can probably be attributed

to the heat evaporating the very small amounts of precipita

tion in the bucket before it could register. When the heat

was off the gage correlated very well with the other gages.

Since most of the erosion events took place during tlie winter

months, this precluded the use of the tipping bucket gage to

measure precipitation as it would not operate without heat-

in g.

The last two rain gages are a dual system of a shield

ed and an unshielded gage at the crest of the hill. In

theory, the dual system should give quite accurate value of

moisture caught at the soil surface if values from these two

gages were adjusted using tlie method developed by Ilamon

(1972). However, during the month of February, 1972, the

were subjected to extremely high winds (in tlie range
{.•,".-
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of 50-70 M.P.H.) and the unshielded gage when calibrated

in late spring was found to be damaged severely. This left,

only the shielded gage's record as an accurate and contin
uous record of precipitation. Xcff (1967) suggested that a

gage on the crest of a hill would receive 16 per cent less

precipitation than the soil because of wind effect which is

probably reasonable in most cases. However, very little

wind accompanied the rainfall which caused runoff events

and therefore the significant data are felt to be accurate

within 10 per cent.

Surface Runoff. Runoff was measured with a Stevens

dual pen A-35 water level recorder coupled to a drop box

weir. The drop box weir is uniquely suited for this type

of study in that it is fitted with a sediment sampling plug.

This weir was developed to measure flow in heavily sediment

laden streams (Johnson and others, 1966). The stage dis

charge relationship was developed by using a bucket of

known volume and a stop watch. Extremely high flows (1-2

cfs), where measurement was impossible, were assumed to fol

low the tlieoretical curve developed by Johnson and others

(1966). There is a small leak in the cut-off wall estimated

to be .003 inches of surface runoff per day (Davis, 1971).

This amount was insignificant on an event basis. In order

to speed calculations of runoff a computer program was devel

oped to give runoff in inches as computed by the mid-interval

method developed by U.S.G.S. (USGS, 1972). This program is
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easily adapt able to any watershed with a known rating curve

and is listed iri the appendix.

Sediment S; Sampling of sediment was accom

plished by lioth mechanical and hand sampling techniques. A

sediment samp]or patterned after the Chicknsha sampler

(Miller and others, 1969) was put into operation January,

1972, and used in conjunction with the hand samples. There

was often a discrepancy between hand samples and the samples

from the sediment sampler. This was attributed to tlie fact

that the hand sample was taken from the center of the weir

notch while the sample obtained in the sediment sampler was

removed from a plug in the side of the weir. Also, the hand

sample valve was a gravity sample whereas the sampler used

a pump which may have caused bottom agitation as it withdrew

the sample. A workable relationship between hand and sedi

ment sampler values was obtained and all samples from the

sediment sampler were corrected to hand sample valves. Dur

ing the 1971-72 season the sediment sampler was set up to

take timed integrated samples. Using this technique the

most important segment of the storm—the peak—was missed.

During the 1972-73 watery ear a reed switch triggered by a

notched wheel on the Stevens recorder made possible a better

sampling distribution within each, event. The samples were

obtained and stored in sealed one pint milk bottles until

being analyzed. The magnitude of error in sampling would be

hard to estimate in that after sampled points were plotted

some of the sediment: discharge versus time curve had to be
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estimated. The sample points themselves were probably accu

rate within 10-13 per cent and the climated parts of the ,

curve were again reasonably accurate because procedures out

lined in the Geological Survey Manual were used (Porterfield,

197 2).

SoJj._J^P^lii\iL£. Vvom a Probe buried six inches
Qo-il tn.n.^fn,, ,,5>c, rn,n>v!^1 on n nnnfinnn.K rocnrrior dur

ing the winter months. This device was installed during
the 1972-73 year and replaced the Honeywell, recorder used

by Davis (1971). The purpose of this data was to determine
the extent and duration of frozen ground during a runoff .-

event (if the ground was frozen).

Addit^ojir^Data. Data on the following parameters

v.-cre also obtained, soil moisture, pan evaporation, water

temperature, maximum and minimum air temperature, relative

humidity, wind movement, and solar radiation. For further

details on. these parameters consult Davis (1971).

Expcrimenta1 Procedure

The reliability of the prediction of sediment dis

charge is directly related to the care taken in analyzing

the samples. Two methods were used to evaluate sediment

concentration of the samples. For samples of high sediment

concentration (greater than 3,000 ppm) the evaporation

method was used. In this method the sample was allowed to

settle, then the supernatant liquid was decanted and the

sediment and remaining liquid were washed into a pre-wcighed
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plate and"evaporated in an oven at 105" C. For samples

ef smaller concentration the fi.ltralion method was used,

lu (lijs ,vstc>:i! (he sample was allowed to set lie and the

supernatant liquid was decanted. Then the remaining liquid

and sediment were washed into a pre-weighed Gooch crucible

with, filter that was under a small vacuum. After filtration

the crucible was put in the oven to dry. Using these sys

tems had the following advantages. With the filtration

system no dissolved solids corrections were needed since all
dissolved solids in the native water passed through the fil

ter. In the evaporation method, since such large quantities

of sediment were present, the dissolved solids were relat

ively unimportant and thus could be ignored.

After drying, both samples were re-weighed and net

sediment yield in ppm (parts per million) was obtained by

the following formula:

x weight o-£_jjcd 1merrt_x_ 10
Concentration (ppm) - weTghTlTf sediment and water

A correction factor to convert ppm to milligrams/liter for

concentrations greater than 16,000 ppm can be applied but

was not because very few samples had concentrations in

excess of this figure.

Data Collected. The following data were tabulated

for each storm: precipitation in inches, runoff in inches,

soil loss in tons per acre, average air temperature in de

grees Fahrenheit, days since prior event, length of event

in hours, difference in snow cover before and after event

in per cent of area, maximum discharge in cfs, average
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antecedent air temperature in degrees Fahrenheit, antecedent
precipitation as rainfall in inches, whether or not ground
was frozen, and time code for the month occurring. This
information was compiled for each event that had significant

erosion and is given in Appendix E.
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ANALYSIS OF DATA

Qualitative Description of Erosion Process

There have been three types of storm events which

were monitored since Thompson watershed was instrumented.

These events were:

1. Summer thunder shower;

2. Unfrozen ground (rain on snow and rain

on saturated ground); and,

3. Frozen ground.

The only isolated thunderstorm occurred in July of 1966.

This event had a peak runoff of 5.5 cfs (0.67 inches of

runoff per hour) from .3" of rain and occurred in a five

minute time span (Rosa, 1966). The watershed was in summer

fallow and erosion was termed severe. Unfortunately, no

data on exact losses are available. This event was a very

good example of the intense isolated summer storms in this

area although they account for very little of the total

soil loss (as discussed in the literature review).

The type of events that contribute the greatest ero

sion on Thompson watershed is the rainfall on snow or rain

fall on saturated ground. These events usually occur in the

period of December to March and contribute a majority of

soil loss from the watershed. Storage occurs in the snow

pack until rainfall, during a warming period, melts the snow

and causes runoff. Quite often, soon after this event takes

place, another event, of rain on saturated ground occurs and
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again soil loss occurs. In both cases precipitation contin

ues until storage requirements are met (snow pack, soil,

and/or surface storage) then runoff commences. The first

event of the season (in December or January) seems to fill

the soil to field capacity or greater. Through the rest of

the winter almost any precipitation input will cause a run

off event and resulting soil loss. The moisture condition

of the soil is important to the amount of soil that will be

lost. The more saturated the soil the more easily it erodes.

This cycle of snow build-up and melting or rain on saturated

soil continues until about mid-March when precipitation events

are less frequent and spring sun and wind begin to dry the

soil. When the soil is dry on the surface it takes a very

prolonged or intense storm to start the runoff process.

The amount of soil loss on the watershed for spring

runoff events is dependent on several factors. An examina

tion of the data together with some intuitive reasoning in

dicates that the most important factors are length of event,

amount of precipitation during event, area covered by snow

before and after event, and time since prior event. The

length of the event coupled with the amount of precipitation

gives an indication as to the relative intensity of the rain

fall. An event of short duration and given amount of pre

cipitation will be more intense and flashy than one of longer

duration and the same amount of precipitation. Although

rainfall intensity is rarely greater than .05-.15 iph, even

small variations within this range give markedly differing



28

result s in storm c11a rac; eri stics.

The surface area covered by snow gives an index to

the amount of surface water storage in the form of snow. A

better measure would possibly have been actual snow course

measurements but these would have to be measured on a daily

basis to be of use. The time since the prior event indi

cates tlie condition of the soil. The longer the time be

tween rainfall events the drier the soil will be and thus

more resistant to erosion. These parameters do not include

the physical characteristics (i.e. slope, soil type, channel

length, etc.) or agricultural practices (i.e. type and meth

od of cultivation, crops and crop rotation, etc.) on the

watershed. This is because only one watershed was used, so

no physical characteristics changed; and, since the watershed

was farmed in the same manner every year, no agricultural

practice parameters varied. This is not to say these par

ameters are unimportant. As discussed in the literature

review, the physical characteristics and the farming prac

tices utilized on a watershed are probably the most impor

tant variables in determining the amount of erosion occur

ring. Also, these parameters can be somewhat controlled by

man and can make the difference between severe and moderate

soil loss. However, inclusion of such variables in this

study would require a much more detailed analysis plus data

from many other watersheds.

The third type of event that occurred and was of

interest was the frozen ground event. During the study
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period three frozen ground events occurred. These were all

in the 1972-75 watery ear and all occurred in a one month

period following December 21, 1972. fVozcn ground events

did not contribute a significant amount of erosion in com

parison to other events but were of interest because of

their large amount of runoff. Factors which most affect

freezing of ground are amount of snow cover (insultative

effect), soil moisture, temperature, and duration of cold.

On the watershed each event was preceded by a period of sub-

freezing weather (-12° F to +7° F) for a length of several

days. There was no snow cover and soil moisture was high,

enabling the ground to be frozen to a depth in excess of 12

inches. A warming trend followed this cold spell and rain

fell on the impermeable frozen ground. Although a signifi

cant amount of runoff occurred, relatively little soil loss

was experienced. When the data from these events were an

alyzed there was very poor agreement between frozen and un

frozen ground events. For this reason tlie frozen ground

data were not included in the forming of the predictive

equation. Although there were insufficient data to perform

a separate analysis of the frozen ground events, it Is felt

that they are not significant on this watershed as far as

soil loss is concerned. The results of this study and a

separate study of frozen ground events performed in this

area in which only one occurred in five years show that the

probability of occurrence of frozen ground events is small

(Bloomsburg, 1969).
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Tlie types of erosion were approximately evenly di-

,,jcd between rill and gully erosion. The rill erosion

purred on the upper parts of the slope and the gully ero-

.ion occurred on the lower sections of the watershed.

Figure 5 is a topographic map of the watershed,

slope ranges from 21 per cent on the north facing side to

approximately 5 per cent by the entrance to the A-frame

shelter at the outlet of the watershed. There was very lit

tle settling out on the small slopes so no delivery ratio

\sa s u s ed.

Development of the Predictive Equation

During the study period there were 12 events for

which good information could be obtained. These events

ranged in magnitude of soil loss from 0.02 tons/acre to

1.54 tons/acre. This, however, includes three frozen ground

events that were excluded from the analysis (discussed in

previous section). This left 9 events that could be ana

lyzed. Only one event could be obtained from records prior

to the 1971-72 wateryear. All events which had significant

erosion during the study period from September, 1971, to

March, 1975, were considered.

The events were analyzed on a storm basis and were

considered to begin when suspended sediment was measurable,

(usually greater than 500 ppm). After the sediment samples

\sv)-e analyzed and all other hydrologic data reduced, the

i-llowing variables were considered for a predictive
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FIGURE 5: Topographic map of Thompson watershed (elevation
in feet above mean sea level).
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equation. The variables listed were selected because of

their apparent effect on soil loss. These variables are:

1. Soil loss (tons/acre).

2. Soil loss (tons/inch of runoff).

3. Precipitation since runoff began (inches).

4. Antecedent precipitation as rainfall (inches).

5. Surface runoff (inches).

6. Maximum discharge (cfs).

7. Maximum discharge divided by total runoff

(cfs/inches).

8. Average air temperature during event (°F).

9. Twenty-four hour antecedent air temperature

(°10.

10. Difference in snow cover before and after

event (°/o of area).

11. Days since prior event.

12. Length of storm (hours).

13. Time code for month occurring.

All of these parameters were obtained from the data taken

from the instruments listed in the description of experi

ment section.

A multiple correlation matrix was derived from the

data to find the variables which were highly correlated to

soil loss. The following variables were found to be sig

nificantly correlated to soil loss (in tons/acre) and had

correlation va1 \ies above 0.5 (Tab1c 2).



1. Precipitation since runoff began (inches).

2. Runoff (inches).

3. Difference in area of snow coverage (?6).

4. Days since prior event.

5. Length of event (hours).

oo

Ero

sion

Days
Since Length

Precip- Run- Snow Prior of
itation off Diff. Event Storm

Erosion 1.000 0.962 0.869 0.543 0.743 0.759

Precipi- 0.962 1.000 0.831 0.410 0.806 0.800
tation

Runoff 0.869 0.831 1.000 0.798 0.762 0.934

Snow Diff. 0.543 0.041 0.798 1.000 0.370 0.702

Days Since 0.743 0.806 0.762 0.370 1.000 0.689
Prior Event

Length of 0.759 0.800 0.934 0.702 0.689 1.000
Storm

TABLE 2: Correlation coefficients for significant variables
(frozen ground data removed).

As explained earlier, these variables are intuitively sig

nificant in that they describe watershed characteristics

that dominate soil loss. None of the other variables

thought to be correlated to soil loss were statistically

significant. The values of the significant variables for

each event are given in Table 3. A similar correlation ma

trix was run on the logarithms of the data. The results were
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no better so for simplicity, the data were left untrans-

formed. Noting Figure 6, except for frozen ground events,

cither independent variable (runoff or precipitation) has a

fairly good graphical correlation to soil loss. This indi

cates that they should be included in the predictive equa

tion. However, the two variables are not independent for

this study (a fairly high cross correlation between runoff

and precipitation) and, therefore, only one should be used

in the predictive equation. Precipitation is much easier to

measure and was chosen over runoff. The other variables

were not cross correlated or were thought to be independent

of each other.

Various combinations of these variables were used to

form an equation through the use of multiple linear regres

sion. For each iteration, soil loss was the dependent var

iable and various groups of independent variables were chosen

from the significant parameters.

The Predictive Equation

A predictive equation with highly significant par

ameters is presented. Other combinations of parameters and

their complete statistical tables are listed in the appendix.

These also gave good results. The example equation and its

variables are as follows:

SL = 1.13 P + .0037 SD - .00039 DSP - .0047 L + .087
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Where:

SL = soil loss (tons/acre).

P = precipitation since storm began (inches).

SD = difference in snow cover before and. after

event (°6 of area).

DSP = days since prior event.

L = length of storm (hours).

Statistical analysis of the equation is below:

Level Signif-

Var

iable

P

Mean

0.626

Standard

Devi

ate on

Computed
T Value

of

Signif
icance

leant i

at 4 degrees
of Freedom

0.490 9.030 0.005 4.600

SD 29.880 44.300 3.860 0.010 3.700

DSP 39.330 97.950 0.770 Not Significant

L 5 2.400 38.580 2.770 Not Significant

SL 0.640 0.460

R2 = .984 for regression equation.

Computed R value - .99 (significant at the .01

level is .97).

Computed F value - 64.8 (significant F value at

the .005 level is 23.155).

TABLE 4: Statistical analysis of the example predictive
equation.
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In words the above statistics indicate that the

variables P and SI) are significant while DSP and L are not.

R squared - .98 means 98 per cent of the variation is ex

plained by the regression equation. The computed F value

(68.82) is greater than the corresponding F value listed in

a table (23.155) indicating the equation is linear. Even
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FIGURE 7: Computed versus actual soil loss for example
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though DSP and L are shown to be "non-significant», they

can be included in the equation to improve the overall data

fit. As can be seen from the statistical tests and their
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explanation, this equation fits the soil loss data very well
on the watershed over this period of time (Figure 7). How

ever, it is not always this easy to fit this type of data.
As can be seen in Figure 8 which was taken from the Pullman

SCS erosion data (McCool and Johnson, 1973), the relation

ship between runoff and soil loss (also precipitation and
soil loss) is not always easily related (as compared to

Thompson data).

It must be remembered that there are several limi

tations to this equation and others like it. To reiterate,
since there are no parameters which involve watershed char

acteristics, only soil loss from this watershed can be pre

dicted (or watersheds identical to it). For the same reason

since no cropping or tillage practice factor is included,

only watersheds of like management can be dealt with. This
obviously limits the use of the equation to a great extent.
There is a possibility that by using Kaiser's data (Table 1)
as a base, relative magnitudes of soil loss could be pre

dicted for differing cropping practices. However, with

further research, precise information on the effect of water

shed characteristics and cropping and tillage practices

could be obtained for the Palouse region. These variables,

which would possibly include such items as slope, slope

length, slope aspect, soil type, cropping patterns, tillage
practices, and erosion prevention measures, could be includ
ed in this type oi' equation to make it applicable to a more

general area.
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Error Analysis

Since tlie equation was developed to fit the data,

the equation has no error other than a lack of a perfect

fit. All error for this equation comes from the error in

the data collected. The relative magnitudes of these errors

were discussed in the section on instrumentation and exper

imental procedure. However, this does not mean that the

equation will predict future events as well as it fit past

data. As more data are collected, a better equation can be

developed using the same parameters. Statistically, the

more data used, the more reliable is the equation developed.

USLE Comparison

Because of its wide use and continuing efforts to

apply it to this area, the Universal Soil Loss Equation and

its variables are presented and explained. Also, where

possible, values for the variables will be given (or what

data are necessary to obtain the values) for Thompson water

shed. The Universal Soil Loss Equation is as follows:

A = R S K L C P

where: A = computed soil loss per unit area.

R = Rainfall Factor, number of erosion-index

units in a normal year's rain. Reflects

amount of kinetic energy dissipated by

raindrops on the soil surface.
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K = Soil.-~Erodibi.lity Factor, erosion rate

per unit of erosion-index for a specific

soil in cultivated continuous fallow, on

a 9 per cent slope 72.6 feet long.

L - Slope-Length Factor, the ratio of soil

loss from the field slope length to that

from a 72.6 foot length on the same soil

type and gradient.

S = Slope-Gradient Factor, the ratio of soil

loss from the field gradient to that from

a 9 per cent slope.

C = Cropping-Management Factor, the ratio of

soil loss from a field with specified

cropping and management to that from the

fallow condition on which the factor K is

evaluated.

P = Erosion-Control Practice Factor, the

ratio of soil loss with contouring, strip-

cropping, or terracing to that with straight-

row farming, up and down slope.

A value of R = 9 will be used. This value was taken

from work done at the Pullman Erosion Lab and is reasonable

for the very low intensity rainfall in this area (McCool

and Johnson, 1973). The K value will be equal to 0.33

(Wischmeier and Smith, 1965). This corresponds to an Ida

silt loam which is similar to the Palouse silt loam. The
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,and S values can be computed in two ways. One 1 s :

LS

a a i s

sqrt 00 -(0.0076 + 0.0055 s + 0.000765 s~)

X = slope length as determined b\

method proposed by Williams and

Derndt (197 2)

X = 277. ft. (Sec Appendix D)

s = average slope as determined by

method proposed by Williams and

Berndt (1972)

s = 15.5 per cent (See Appendix D)

This method is used by Wischmeier and gives an LS value of

4.53. however, Wischmeier suggests this equation is not val

A therefore, an•i /".i"1 I lii n If! -n^t> an

alternative to this is a separate calculation of each var

iable. L is calculated from an equation proposed by Zingg

(1940) and S by an equation developed by Wischmeier.

L
(X) M

T7 2/6

M = 0.6 (for slopes greater than

10 per cent)

X = 277. ft. (Same as previous X)

L = 2.23

S =
0. 43 + 0.30 s + 0.013s

6.613

s - 15.5?o

S = 2.33

2
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The P value for a practice of farming on the contour and

slope between 12 and 18 per cent is 0.8. This leaves only

the C value to evaluate. Values for C arc tabulated for

differing cropping patterns and tillage practices. However,

finding one to fit conditions on Thompson watershed is quite

difficult. Therefore, the equation will be solved using C

as 1.0 and then the value of total annual soil loss that

was obtained during the 1971-72 wateryear (4 tons/acre)

will be put into the equation and C will be determined.

with LS = 5.19

A = R*K*L*S*P

- 9.0 * 0.33 * 5.19 * 0.08

= 12.34 tons/acre

A1 = 4 tons/acre (soil loss for 1971-72

waterj^ear on Thompson watershed)

C - A" - 12734 - °-3^

for LS = 4.53

A'=R*K*L*S*P

= 9 * 0.33 * 4.53 * 0.8

= 10.76 tons/acre

C = —- = TrT^-c = °-37A 10.(6

Examining the Table of Wischmeier and Smith (1965) for val

ues of C that corresponds to this value, C = 0.36 is the

closest. This C value is for ground in its second year of

small grain, tilled conventionally, with residue left on
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surface and in a rough fallow during the erosion process.

The conditions seem to closely resemble the conditions at

Thompson; however, before it was computed it was not possible

to find this value. Also there is a great range in these C

values and finding one that corresponds so well is quite

lucky.

This comparison to the USEE seems to give good re

sults other than the difficulty in selecting the C value.

However, there are some serious problems and the seemingly

close correspondence of actual soil loss to predicted soil

loss is more luck than anything else. The R value does not

account for any water input as snow melt. Since this is an

area of very low rainfall intensity, the R value is low;

however, large amounts of precipitation may be stored on

the watershed as snow and released by melting during a run

off event. This imparts a much greater amount of energy

than reflected by this R value. Another problem with this

equation is that it does not take into account timing of

the event. As discussed in the Literature Review, events

which occur close together will cause more soil loss be

cause of the high soil moisture. In this area a majority

of the events occur in the spring months when soil moisture

is high. Little erosion occurs the rest of the year.

Another problem is in developing a relation between length

of slope, slope gradient, and soil loss (LS). The L and S

relationship in the USLE is for straight, uniform slopes

(non-convex or concave slopes). In this case a relationship
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developed by Williams and Berndt (1972) was used to compute
average slope(s) and length of channel (\) and thus L and S.
However, these Vol ationships were not tested for data of the
type found in the Thompson watershed and thus are unproven

in this area. The last problem is that of a delivery ratio.

For Thompson watershed the delivery ratio was assumed to be

1.0 (what is eroded leaves the watershed). On other water

shed complexes this would definitely not be true and would

necessitate the calculation of delivery ratios.

These problems illustrate the fact that accurate

prediction of soil loss in the Palouse by the "Universal
Soil Loss Equation" is not feasible at the present.
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RECOMMENDATIONS

Since it is doubtful that data will be collected in

the near future on Thompson watershed, the recommendations

are in tlie form of possible new research projects to be un

dertaken. These were developed while analyzing data from

this study and in discussions with persons involved in ero

sion work. Some have been mentioned in other parts of this

thesis.

1. Study of how watershed characteristics such

as slope, slope length, slope aspect, soil

type, elevation, and other hydrologic and

watershed parameters influence soil loss in

the Palouse region.

2. Study of how crop, cropping patterns, and

tillage practices affect soil loss in the

region. This should especially be under

taken for the most popular crops in the

area such as wheat, barley, dry peas, and

alfalfa. Other less common crops could be

studied later.

3. Comparison of data collected on Thompson

watershed to data from other watersheds to

determine whether Thompson watershed and

the data collected are truly representative

of this area.



4. Study of the amounts of erosion attribut

able to sheet, rill, and gully erosion and

a determination as to where each occurs on

a typical Palouse watershed.

5. Study of cohesive strengths of soil in

fluid shear. This information could pos

sibly be used in developing a soil loss

equation from an open channel point of

view.

6. Develop improved remote sampling equip

ment which would facilitate data collec

tion. A unit which could be easily trans

ported to different locations and take

accurate samples would be especially

useful.

7. Study of raindrop size and possible rain

drop affect on detachment of soil particles.

Before any type of physical model could be

developed for this area such information is

necessary.

8. Build a physical model of a watershed to

study overland flow, soil detachment, soil

transportation, and other hydrologic

parameters.

48



CONCLUSIONS

The following conclusions can be drawn, from the

ana1ysis of. tlie data co11ected:

1. Soil loss can be predicted from hydrologic

parameters for a watershed. On Thompson

waiersneo atiu me raiouse regLon me ioilow-

ing varaibles are important in predicting

soil loss: amount and timing of precipi

tation, runoff, snow melt, and the moisture

condition of the soil.

2. The most severe and consequenta1 erosion

in tlie Palouse occurs during winter and

spring runoff events when soil moisture is

high and soil resistance to erosion low.

3. Soil detacliment and transportation seem

to be accomplished by running water. A

detacliment of soil by frecze-tbaw cycles

is also possible.

4. Thompson watershed data from pre-1971-7 2

records and the 1972-73 data were sparse

but seemed to substantiate the date for

1971-72.

19



6. Frozen ground events on this watershed

contributes less to soil loss than a

similar event on unfrozen ground.

50



51

SELECTED REFERENCES

\ndcrson II. W. 1954. Suspended Sediment Discharge as Re-
bUed'to'streamflow, Topography, Soil and Land Use. Irans.
Am. Geophys. Union. 356:268-281.

Aoutcultural Research Service. 1972. Northwest Branch
Summary of Research Activities, Soil and Water Conservation
I)ivision. USDA-ARS.

Agricultural Research Service. 1961. A Universal Equation
for Predicting Rainfall-Erosion Losses. USDA-ARb. <i<£-bo.

Beer C. E. , C. W. Farnham, and II. C. Ileineman. 1966.
Evaluating Sedimentation Prediction Techniques in Western
Iowa. Transactions ASAE. 9:828-883.

Bloomsburg, G. L. 1969. Hydrology of Frozen Ground Events.
University of Idaho Water Resources Research Institute.
Completion Report Project A-016 IDA.

Brandt, G. II., E. S. Conyers, M. B. Ettinger, F. J. Lowes,
f.\: Mighton and J. W. Pollack. 1972. An Economic An
alysis of Erosion and Sediment Control Methods for \vatei-
sheds Undergoing Urbanization. Dow Chemical Company.
C-1677.

Committee on Sedimentation. 1965. Nature of Sedimentation
Problems. Proceedings ASCE. 91(HV2):251-265.

Davis D J 3971. A Water Balance On A Small Agricultural
Watershed Latah County, Idaho. Unpublished Masters Thesis,
University of Idaho, Moscow, Idaho.

Flaxman, E. M. 1972. Predicting Sediment Yield in Western
United States. Proceedings ASCE. 98(11112) :20/o-208o.

Gottschalk, L. C. and G. M. Brune. 1950 Sedj-T^ntQJ?®sign
Criteria for the Missouri Basin Loess hills. UbDA-^Ob.
TP-97.

llamon W. R. 1972. Computing Actual Precipitation. WMO-
IAIIS,'Symposium on Distribution of Precipitation m Moun
tainous" Areas. Geilo, Norway.

Horner, G. M. , A. G. McCall, and F. G. Bell. -1942. In
vestigations in Erosion Control and Reclamation of Eroded
Land at the Palouse Conservation Experiment Station, lull-
man, Washington. USDA Technical Bulletin No. 860.



5 2

r m -nri i M \if fzi »-er. 1912. Compilation of

Conservation Experiment Station. U^DA-,,Cb, lhd^olog^c imi
sion. TP-15.

Johnson C. K., II. 1>. Copp, E. K. Tinncy. 1966. Drop-Boxt^r'for Sediment-Laden Fl ow Measurement . Proceedings
ASCE. 92(I1V5): 165-190.

Kaiser V 0 1961. Historical Land Use and Erosion in the
Palouse—A Reappraisal. Northwest Science oo:4.
M,rn,l D r «„* T C. .TnW,™ 107~ ^nci nn MnrlM 1n«; in
<i p.;A-i fir. Northwest Paper Presented at Annual Meeting of
the racilic .\oiuu\csl. raJJL- i• i-, - v., ii.-> v^hinn-tonNorthwest Scientific Association. Ualla \\alla, ^asnin^on.

*,-n r i? p B Allen N. II. Welch, and E. D. Rhoadcs.Miller, G. E. , P. u. Alien, -N- J1- ,c 'nQn, ,,pq 4i_lr>01969. The Chickasha Sediment Sampler. USDA-AKS. 41 lou.

Musgrave, G. W. 1947. Quantitative Evaluation factors
in Water Erosi on-A First Approximation. J. of Soil and .
Water Cons. 2:133-138.

Noff E L. 1967. Rain Gage Performance. Unpublished
Master's Thesis, University of Idaho, Moscow, Idaho.

N1 rf 17 i iohg Pomp Soil Characteristics of a Small
Agricultural Watershed. Unpublished Paper for a Course in
Soil Science, University of Idaho, Moscow, Idaho.

Port erfield, G. 1972. Computation of ^^^^diment
Discharge. USDI-Geological Survey, Techniques of Watei-
Resources Investigations. Book 3, Chapter Co.

RoH-c W A. 1932. Some Important Effects of the Summer
Fallow, Svstcm of Farming on Soil Erosion in Pacific North
west. College of Agriculture and Experiment Station, St.te
College of Washington. Scientific Paper No. ~_b.

Rosa, J. M. 1966. Unpublished Annual Report, Northwest
Soil and Wafer Conservation Research Division. UbDA-ARS.

Rowlison, D. L. and G. L. Martin 1971 Rational Mode£
Describing Slope Erosion. Proceedings ASCE. 9<(1R1).oJ-oO.

Villi- J R and II. W. Anderson. 1965. An Application of
Multivariate Analysis to Sediment Network ^f^-^^f-
im-s of International Association of Scientific Hvdiolog>,
Symposium of Hydromelerologic Network Design. 6/:oo/-o.b.



r-Miinms J R E. \. Hiler, and R. W. Baird. ]^?i-Predictlon'of1 Sediment Yield From Small Watersheds.
ASAE Transac11ons. /0:11ot-11 b_.

Williams J. R. and II. D. Berndt. _..C.omju.ed'with Universal Equation. Proceedings ASCE.
98(HY12):2087-2098.

tt i n n Qm-ith 1965. PredictingWischmeier, W. H. and D. D. Smith. -LJ^* RockvRainfall-Erosion Losses From Cropland i^a^t ol the kock>
Mountains. USDA-ARS. Agriculture Handbook No. 282.
7inn.fr A W 1940. Degree and Length of Land Slope as it
Afflcts Soil Loss in Runoff. Agricultural Engineering.
21:59-64.

19' Sediment Yield

53



APPENDIX A

Project Data (1971-73)

54



MONTHLY PRECIPITATION (1968-1973)**

Thompson Watershed, Moscov/

(inches)

MONTH 68-69 69-70 70-71 71-72 72-73

OCT _ —— _ 0.72 1.42 1.14 1.41

NOV - — 0.28 2.71 3.01 1.40

DEC 1.43 1.91 1.39 4.10 4.41*

JAN 3.60 5.97 2.36 3.49 2.13*

FEB 0.21* 1.83 1.75 2.23 0.89

MAR 0.66 1.58 1.64 4.03 1.14

APR 1.76 0.15* 1.08 1.28 •—-

MAY 1.06 0.84 1.59 2.42

JUN 1.20 1.83 3.78 0.62

JUL 0.00 1.77 0.67 0.82

AUG 0.00 0.00 1.00 0.72

SEP 0.66 1.07 1.81 0.98

sum 17.95 21.20

* Some Estimated Values

** Data From Shielded Rain Gage

24.84



7

8

9

10

11

12

13

14

15

17

18

19

20

21

22

n

24

25

26

27

28

29

30

31

or

DAILY SNOW COVER (1971-1972)

Thompson Watershed, Moscow

(percent of area)

NOV DEC JAN FEB MAR APR

100 100 1

100 100 100

100 100 100

100 100 __

100 100 70

100 100 100 1

100 100 100 --

100 100 100 0

100 100 100 0

100 100 99

100 100 __

100 100 90

100 100 80

100 100 100

100 100 85

100 100 \5

100 100 __

100 100 —

100 100 __

TOO 90 5

100 45 5

100 40 5

100 __ 4

100 100 2

100 100 --

100 100 __

100 100 __

100 100 2

100 100

100 100

100 100
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17

: j

19

23

n

*:. r

OCT NOV

DAILY SNOW COVER (1972-1973)

Thompson Watershed, Moscow

(percent of area)
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DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

0

10

100

100

100

100

100 0

100 100

0 90 100

TOO 80 90

100 50 80

100 10 75

100 0 __

100 „,_

100 —

50 --

0

10

0 0

25

0



DAY OCT NOV

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

SUMS

DAILY SURF/^.E RUNOFF (1971-1972)

Thompson Watershed, Moscow

(inches)

DEC JAN FEB MAR APR MAY

.005 .026

.004 .121

.003 .116

.002 .069

.450 .002

1.272 .003

.088 .002

.050

.028

.024

.045

.005* .013 .109 .004

.005* .283 .572

.005* .129 .163

.005* .373 .073

.005* 1.153 .045 .004

.005* .137 .023

.007 .557 .141

.166 .196 .051

1.470 .117 .031

1.12 .077 .020

.302 .109 .022

.175 .078 .013

.099 .069 .024

.066 .036 .017

.036 .025 .009

.024 .609 .005

.016 .225 .003

.013 .105 .001

.012

.007

3.543 4.315 3.611 .015

* Estimated Runoff
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DAILY SURFACE RUNOFF (1972-1973)

Thompson Watershed, Moscow

(inches)
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DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

26

27

28

29

30

31

070

190

,080

,290

.040

.430

.200

.100

.210

.070

.002

.010*

.010*

sums 0.670 0.940 0.020 0.072

* Estimated Runoff



MAXIMUM DAILY TEMPERATURE (1971-1972)

Thompson Watershed, Moscow

(Fahrenheit)

60

DAY OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

1 58
2 64

3 68
4 75

5 80

6 80
7 77
8 78
9 79

10 77

11
12

13

14

15

16

17

18

19

20

21

22

23

24

26

27

28

29

30

31

63

62

55

48

51

54

53

54

43

49

51

57

44

46

45

46

34

34

34

35

32

40

43

44

45

40

38

40

44

56

53

52

48

43

42

37

35

36

34

41

49

45

41

35

42

41

36

46

36

39

38

36

35

36

32

42

32

23

31

34

32

25

31

29

33

29

35

39

37

33

33

37

42

37

42

34

32

24

21

24

27

34

37

33

19

22

30

40

36

36

36

29

37

29

25

28

36

37

36

36

39

41

39

38

34

29

30

13

16

15

22

26

22

14

17

25

29

32

34

41

38

38

38

35

39

37

33

40

44

35

49

50

40

42

42

38

39

40

35

51

55

42

33

39

35

41

46

45

40

51

64

55

52

46

57

50

57

64

65

49

45

52

56

62

43

47

33

35

37

43

46

54

61

54

44

52

51

55

50

44

44

43

49

41

41

40

47

47

40

39

44

51

53

46

46

66

58

48

57

71

54

44

49

59

63

69

70

68

67

56

45

50

57

64

68

76

71

67

70

54

56

74

67

49

57

57

54

63

71

78

83

86

86

75

70

76

62

74

80

89

76

75

76

62

58

63

74

84

63

65

67

73

73

69

74

61

52

54

63

74

87

85

81

74

77

77

90

92

95

85

81

68

70

69

89

81

81

83

87

84

79

54

72

64

82

86

81

86

87

88

95

97

94

87

86

84

86

93

96

100

102

104

96

95

90

85

82

90

76

77

68

85

76

91

89

69

72

81

89

92

97

98

93

78

79

83

83

86

88

66

65

71

78

64

67

70

51

67

76

79

76

69

74

57

68

67

57

51

42

52

56

51

54

61

75

AVG 55.7 42.0 32.6 30.5 37.7 48.5 48.9 65.5 71.1 81.8 87.1 66.;



DAY OCT

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

71

73

74

70

64

66

71

74

63

48

64

71

49

57

60

63

62

64

61

62

60

65

56

55

61

46

46

37

35

41

38

MAXIMUM DAILY TEMPERATURE (1972-1973)

Thonpson Watershed, Mos cow

(Fahrenheit)

61

NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP

42

47

53

51

47

48

50

43

47

49

52

40

47

48

48

51

41

42

44

36

40

38

32

37

40

40

35

37

35

37

48

40

25

14

16

15

12

3

7

9

16

17

16

24

28

36

37

42

44

43

46

40

40

39

40

47

45

34

31

31

31

36

34

28

19

23

13

16

19

18

26

38

45

49

48

43

42

40

34

33

37

37

35

31

33

39

39

AQ
37

39

40

39

36

36

36

42

36

40

35

38

39

40

42

39

41

39

40

40

45

50

50

51

45

49

53

53

50

44

47

47

43

45

53

52

53

46

42

44

39

36

43

52

54

38

45

55

44

46

50

54

58

56

45

evg 58.9 43.2 29.5 33.4 42.3 47.0
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SUMS

"tANS

DAILY AVERAGE WATER TEMPERATURE (1971-1972)

Thompson Watershed, Moscow

(Fahrenheit)

68

NOV DEC JAN FEB MAR APR MAY JUNsAY JUN JUL AUG SEP

68 69 75 67

68 68 73 65

57 69 70 67

66 75 73 68

71 78 74 59

_ _ 80 76 55

71 74 78 55

72 73 79 61

74 65 80 57

58 62 76 52

57 67 75 57

52 73 73 50

59 74 71 57

65 72 73 61

75 73 69 60

66 71 68 60

63 74 65 59

64 64 67 57

67 54 66 49

65 60 74 48

67 59 74 48

68 69 61 47*

61 72 62 43

53 67 68 41*

52 72 73 46*

56 73 75 48

68 74 76 46*

75 74 76 43*

74 77 73 48*

73 77 67 55

— 73 63 _-

1882 2182 2223 1629

65 70 72 54

Air temperature lower than 32°F during day
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"Statistics for Other Predictive Equations"

The following pages give the mathematical and statis-

i components tor assembling and analyzing several predic-

c equations. These are different combinations of the sig-

lcant variables which could be used to form a predictive

lat ion.

The variables are given b}r number and their corres-

ilii'ig physical parameters are as follows:

Variable

Number

1

2

3

4

5

6

Variable

Soil loss (tons/acre)

Precipitation since storm
began (inches)

Runoff (inches)

Difference in snow cover

before and after event

(% area)

Days since prior event

Length of event (hours)
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Computing \ and s Parameters For Use

in tlie Universal Soil Loss liquation

In order to adapt the Universal Soil Loss Equa-

•<n to a watershed, the average flow lengtli (X) and the

rnu'o slope (s) must be computed so the LS factor can

obtained. A method developed by Williams and Eerndt

fh.i72) for the Texas Blacklands was employed. The aver-

,/«• flow length (\) is considered to be the length of a

ih.mncl in a rectangular watershed of equal area. The

.ivornge slope (s) is a weighted average of slopes over

i.he area of the watershed.

The values were computed as follows:

(1) \ = o LClf1 __A
2 LCI

X = Average flow length

A = area of watershed (ft )

LCH = length of channels (taken to be

X

length of intermittent channel) (ft)
1 8.2*43560.
2 645.

X = 277'

^•2) s = sumnia t ion ( s ' ( i ) *DA ( i )
DA " ~~

s = average slope

s'(i) = slope over area (i)

M(i) = area (i)

DA -.= total watershed area
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S'(i) values were computed by calculating the area

•) between contours (i) and (i + 1), measuring the

.:: th (LC) of contours (i) and (i + 1), and calculating

♦ ,It-. difference in elevation (II) between the two contours.

Hu-n for eact set of contours with this information the

sVrragc slope s'(i) was computed by:

,~n .^ H(LC(i) + LC(i+D)
(o) s'(i) = "05. 6'arm

with these values of s'(i) and equation (2), the average

slope was computed to be 15.5%. (s = 15.5%)
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