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ABSTRACT 

A soil erosion simulation study was done to help understand the 

severe soil loss from agricultural lands in the Palouse Prairie of the 

Pacific Northwest. A soil erosion model was coupled with the Idaho 

version of the USDAHL watershed model which supplied primary information 

such as rainfall, snowfall, snowmelt, overland flow, stream flow, soil 
moisture and crop growth index to the erosion model. 

The main factors used by the erosion model are: overland flow, 
rainfall, snowmelt, snow covered area, organic material covered area, 

soil moisture, rill development on upland areas and stream flow for 
channel scouring. These are used to calculate soil particle detachment 
and transport capacity of raindrop and overland flow. There are several 

coefficients which are used to estimate the conditions for or against 
soil erosion. This first generation Palouse erosion model was fitted 
to measured sediment discharge by using trial-and-error techniques. 

The model was tested on two different size watersheds (3.3 hectare 

and 59.4 hectare) near Moscow, Idaho. The results showed poor simulation 
on a daily basis. The monthly and yearly simulations were good compared 
with the observed except for the period of high stream flow simulated 

at the start of the water year. The eroded particles from each hydrologic 

zone cascades to a lower zone and finally to the channel. This cascading 
system shows the amount and location in terms of zones, where the erosion 
and deposition occur. Rill depth and distribution for any erosion period 

are the most important part of the model since rill erosion is calculated 
as a function of them. From field measurements rill erosion has proven 
to be one of the most serious erosion sources in the Palouse. 

Channel scouring erosion is not as significant as upland erosion. 
High stream flow does not necessarily cause high soil loss and vice versa. 
Many of the problems, particularly with upland erosion, can be traced to 
inadequacies in the hydrologic model. 

This is the first study of its type in the Palouse area. There must 
be further calibration and modification of both the hydrologic and erosion 
model in order to improve the simulation of erosion in this area. 
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CHAPTER III 

LITERATURE REVIEW 

There are many references which discuss detachment and movement of 
soil particles by flowing water. However, not all of them are generally 
applicable, especially, to agricultural lands which may have different 

properties from river beds upon which most studies of sedimentation have 
been done. Also, agricultural practices, soils and variations in climate 

will have a profound influence on the erosion process of agricultural 
soils. Erosion-sedimentation on agricultural fields is one of the most 
complicated natural systems. Many factors must be included: hydrology, 
climatology, soil characteristics, crops and plants, tillage practices 
and land treatments. Some of them are controllable and some are not. If 
the controllable factors are appropriately practiced, it would be possible 
to reduce soil and water loss from agricultural lands. 

A. Equations and Simulation Models 
Since upland soil erosion was recognized as a major pollution source 

and a problem of losing important soil nutrients attached to agricultural 
topsoils, many studies have been done to predict the amount of soil loss 
from crop land. Table 1 shows a brief summary of some of the more 
important equations developed from these studies. These regression type 
equations are restricted to the conditions of the experiments. According 
to the equations slope length and steepness are the main erosion 
predicting factors. 

One of the most commonly used empirical type equations is the 
Universal Soil Loss Equation (USLE), (Wischmeier and Smith, 1965). The 
equation is expressed as 

A = R K LS C P 
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EROSION EQUATIONS 

Zingg (1940) E ex: L0.66 sl.37 

Musgrave (194 7) E ex: 
L0.37 sl.35 c 

E ex: L0.35 sl.35 !1.75 
30 

Wischmeier and E ex: L0 · 5 co.oo76 s 2· 0 
+ 

Smith (1965) 
1 0.0053 s + 0.0076) c 

Meyer and Manke (1965) E ex: 
Lo.9 s3.5 

Meyer (1965) E ex: (L - LC) l. O to 1.5 

E ex: (S -SC) 1· 5 

Meyer and Kramer E ex: L0.5 (S- SC)l.4 
(1968) 

Young and Mutchler E ex: 
L 1. 24 s0.74 

(1969) 

Kilinc (1972) E ex: 
Ll.04 sl.66 

Where 

E ; soil erosion loss, 
L ; slope length, 
LC ; critical slope length, 
S ; slope steepness, 
SC ; critical slope steepness, 
r30 ; 30 minutes intensity of rainfall, 

C ; cropping factor 

Table 1. Upland soil erosion prediction equations. 
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where: 
A average annual soil loss in tons per acre, 

R rainfall factor, 

K soil erodibility factor, 

LS; length and steepness factor of slope, 
C ; cropping management factor, 

P ; conservation practice factor. 

This equation does not seem to be usable in the Pacific Northwest because 

of the differences in hydrology and field conditions of the Palouse from 

the eastern states where the equation was developed. This model has been 

revised for more dependable simulation (Foster and others, 1973 and 

Williams, and Berndt, 1977). The rainfall and slope factors were the main 
parameters subject to the revision. 

Onstad and Foster (1975) described an erosion-deposition model based 

on a modified form of the Universal Soil Loss Equation incorporating 
hydrologic variables. Runoff volumes and peak rates were adopted from the 

predicted values obtained from the USDAHL watershed model. Their concepts 

and procedures were used in the Agricultural Chemical Transport Model 

(ACTMO) as a submodel to predi ct erosion and deposition (Frere and others,· 

1975). 
The USLE has been modified to fit Pacific Northwest conditions 

(McCool and others, 1976). The rainfall factor in the equation was changed 
to a 11 rainfall and runoff 11 factor so that the snowmelt effect on erosion 
was included. Because the slopes are longer and steeper in the Palouse 
area than the Midwest, the slope length and steepness factors also were 
modified. The two modified factors are expressed as: 

R* = 0.0245 P(2Y,6H) 2· 17 + 0.059 P(D-M) 
where: 

P(2Y, 6H); 2 year return interval, 6 hour duration precipitation in mm 

P(D-M); December through March precipitation in mm 
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LS = (L/22.13) 0·3 (S/9) 1· 3 for S > 9 percent 
LS = (L/22.13) 0·3 (0.43 + 0.35 + 0.04352)/6.613 

for S > 9 percent 
where: 

LS; slope length and steepness factor 
L ; slope length in m 

S ; slope steepness in percent 

Simulation techniques in hydrology are now well established with many 

different models in existence. The first generation of a comprehensive 
erosion simulation model superimposed on a watershed model was developed 
by Negev (1967). He used the Stanford Watershed Model IV by Crawford and 
Linsley (1966) to obtain the flow component for the erosion sedimentation 
model. David and Beer (1975) developed a sheet erosion model using the 
Kentucky Watershed Model, a Fortran version of the Stanford Watershed 

Model. The sediment sources in these models are interill, rills and 
gullies, and channel. The rills and gullies were considered a single 
erosion source area. 

B. Erosion Processes 
It is necessary to understand the process of water-caused erosion and 

sedimentation in order to develop methods for reducing soil loss from up
land areas. Rainfall and runoff are the two main causes of soil detachment 
and transportation. Therefore, erosion control practices should be 
oriented to reducing runoff or its flowing power and to increasing surface 
protection and resistance to raindrop impact and runoff. 

The soil erosion process on upland areas was described as the 
following four processes (Meyer and Wischmeier, 1969): 

1) detachment by rainfall, proportional to I2, 
2) transport by rainfall, proportional to I, 
3) detachment by runoff, proportional to v2, 

4) transport by runoff, proportional to v5, 
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where: . 
I; rainfall intensity, 
V; flowing velocity 

Figure 1 shows the flow diagram of the erosion process. 
Upland erosion starts when raindrops strike the soil surface. The 

kinetic energy produced by the raindrop impact detaches soil particles from 

the surface soil mass. The detached particles are splashed in all directions 
from the impact point, with net movement downslope. However, soil particles 
transported by the raindrop impact normally account for only a small part of 
the total soil erosion. It is especially true in the Pacific Northwest where 
the rainfall intensity is comparatively low. Klages (1965) observed that 
slightly more than 60 percent of the storm events per 24 hour period for 70 
crop years (1893-1963) were less than 5mm per hour at Moscow, Idaho. 

After the rainfall and snowmelt rate exceeds all the surface detention 
factors, and the infiltration and evapotranspiration rates, the excess 
water flows overland on the surface. The prerill type of runoff is termed 
interrill flow. Rowlison and Martin (1971) considered the detachment by 

interrill flow to be negligible because of the small tractive force of 
shallow depth compared with the shear strength of cohesive soils. However, 

because of surface conditions such as tillage marks, natural microtopography, 
or previous erosion, the interrill flow tends to concentrate and to form 
small channel-like flows. This is called rill flow. The rill flow has a 
deeper depth and greater detaching and transporting power than the interrill 

flow. The rills are the main source of sediment from upland areas in the 
Palouse region of the Pacific Northwest. 

The initial detachment of surface soil particles generated by flowing 
water consists of the three components: 1) shear stress (tractive force), 
2) velocity and 3) lift force. Figure 2 shows the force diagram on soil 
particles by surface runoff. Among them tractive force will be chosen as 
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the estimator of soil movement since it has been the most widely studied of 
the three factors to predict sedimentation. The tractive force is obtained 

as: 

T = y R S (12) 

where: 

T tractive force in kg/m2 

y unit weight of water in kg/m3 

R hydraulic radius of water in m 

s surface slope steepness 

The tractive force of runoff does not move soil particles until it 
reaches a critical value that, if increased, will put the soil particle or 

aggregate into motion. The problem of determining critical conditions for 

the initial movement of soil particles has been studied for a long time. 

However, most of the equations used are empirically derived using coarse 

materials for natural channel flows. Shields (after Vanoni and others, 

1966) developed the following relationship to estimate the critical 

tractive force: 

where: 

T 
c 

v 

critical tractive force, kg/m2 

unit weight of soil particles, kg/m3 

unit weight of water, kg/m3 

mean diameter of soil particles in m 

shear velocity, u* = / g R S 
kinematic viscosity of water in m2;sec. 
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This relationship is not directly applicable to agricultural soils 

which are composed of fine cohesive particles. Sundborg (after Vanoni, 

1975) suggested that the cohesive force of a soil particle resisting move

ment is proportional to the shearing strength of the soil. Dunn (1959) 

used shearing strength and plasticity index of soil to estimate the 

critical tractive force. Smerdon and Beasley (1961) used clay content 

of a soil to estimate the critical tractive force. The soil samples they 

used ranged from a silty loam to a clay in irrigation canals. Their 

relationship is: 

where: 

= o.0503 * 100.0183PC Tc 

T = critical tractive force kg/m2 
c 

PC ; clay content of a soil in percent 

(14) 

As the clay percentage increases, the increased cohesiveness of the 

extra clay particles will increase the critical tractive force. 

When tractive force acting on a soil particle or on an aggregate of 

particles of a cohesive soil exceeds the critical tractive force, the soil 

particles begin to move. This explains duBoys• sediment equation (Graf, 

1971): 

q = XT(T T ) s c 

O'Brien and others (1934) generalized the equation as: 

where: 
qs = x' (T-'J;c)m 

qs ; volume amount of bed load per unit width and time, 

x and x' ; parameters, 
m ; an exponent 

The parameters will be specific for each site and time. 

11 
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The detached soil particles are transported downslope in an amount 
less than or equal to the transport capacity of runoff. Foster and Meyer 
(1975) recommended Valin's bed load equation (Valin, 1963) to estimate the 

transport capacity of runoff. The equation assumes that flow is turbulent 
with a laminar sublayer having a thickness not exceeding the size of the 

bed roughness. It is also assumed that all bed grains have the same shape 

and size and motion is by saltation. Th~ . existence of critical tractive 

force is accepted. More details of the equation are given by Valin (1963) 

and Foster and Meyer (1975). 

The stability of channels against scour is dependent on the properties 

of the soils from which the channel is formed, rather than only the 

hydraulics of the flow in the channel. Critical discharge, below which no 

channel scouring occurs, can be used to est~mate the channel scouring erosion. 

where: 
Cs K (Q - Qc)n 

Cs ; channel scouring erosion 

K and n ; coefficients depending on stream and watershed 
characteristics 

Q ; mean discharge at watershed outlet 

Qc ; critical discharge 
Channel scouring is usually small when compared with total soil loss from 
upland areas of small to medium size agricultural watersheds where channels 

are temporary and not distinctive. For moderate size watersheds channel 
erosion might be significant but not dominant. It is, however, necessary 
to obtain good channel scour equations in order to evaluate the overall 
simulation. 

A more detailed literature review of erosion is given by Voo (1978). 
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CHAPTER IV 
MODELING OF SOIL EROSION (EROS) 

Erosion prediction methods have been developed for better understanding 
and control of the tremendous amount of soil loss from agricultural lands. 
The upland erosion process includes too many factors to be evaluated 

individually. Some of them are significantly interrelated and others are 

independent. The conditions of the Pacific Northwest are especially empha

sized here for this model while general conditions are considered. 

There are three erosive factors; 1) raindrop, 2) overland flow and 
3) gully and channel flow. The first two factors act on upland interrill 
and rill areas and the t hird on gullies and channels. These will be con

sidered separately. The flow chart outline of the model is shown in Figure 
3. The detailed flow charts are shown in Appendix I. 

A. Raindrop Impact Erosion 

Soil erosion begins when any movement of moisture on a watershed takes 

place. Therefore, the falling of precipitation on the ground surface would 
be the initiation of possible erosion. For the purposes of this discussion, 

the kinetic energy of snow flakes will be ignored. The precipitation drop 
produces kinetic energy which is described by Ellison (1945) as: 

KE ~ M Vt2 (18) 

where: 

KE kinetic energy 
M mass of drops 

Vt terminal velocity of raindrop 

Terminal velocity and raindrop size can be related to rainfall intensity 
(Laws, 1941; Laws and Parsons, 1943, Chow and Harbaugh, 1965). The 

equation can be expressed as: 
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(19) 

where: 

n overall exponent 
K1 a constant 

I rainfall intensity 
Because of soil surface conditions, all of this energy is not 

effective in detaching soil particl~s. The windward face of a hill and 
the flatter surfaces receive higher kinetic energy than the leeward and 

the steeper sides. The most significant erosion resisting factors are 
soil type, runoff depth and surface cover (organic material or snow). 
These factors were evaluated based on physical or experimental knowledge 

and finally combined together to simulate soil detachment by raindrop 

impact. More details of this part of the model is given by Yoo (1978). 
The detachment by raindrop is simulated by: 

DHR = C1* IEXP1* exp (-SOIL) * cos (SLP/WIND) * DEP * (1 - SURCV) 

*CMCV (20) 

where: 

DHR detachment rate of soil particles 
I rainfall intensity in mm/hour 
exp base of natural logarithm 
cos trigonometrical function 

SOIL soil and soil moisture change factor 
WIND watershed face factor, WIND= 0.5 + WWS 
WWS ratio of windward slope area to total area 
SLP slope steepness of upland in percent 
DEP overland flow depth factor, DEP ~ (I/D) 
D depth of overland flow in mm 

SURCV ; surface cover factor (snow covered area and impervious area) 

SURCV = SNCV .+ (1-SNCV) * IMPCV 
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SNCV ratio of snow covered area to total area 
IMPCV ratio of impervious area to total area 
CMCV erosion resistance factor of organic materials on soil surface, 

one for no resistance and zero for perfect resisting condition 
C1 a constant 

EXP1 an exponent related to rainfall characteristics 

This equation is used as the basis for evaluating soil detachment by rain
drop impact on upland area. 

B. Overland Flow Erosion 
When the rainfall or snowmelt rate exceeds the surface detention 

storage and infiltration and evapotranspiration rates, water will start to 

flow over the land surface and eventually to the streams. The kinetic 
energy generated by the flowing water detaches, picks up and transports 
soil particles. This process of soil erosion is the largest and the most 

significant source of erosion in the Pacific Northwest agricultural fields. 
Because mild rainfall intensities, small drop sizes, and runoff from snow
melt or rain on snow are dominant conditions during the erosion season 
(October through March) in this area, detachment and transport by runoff 
is more significant and erosion by raindrop splash is less important than 
in other areas (McCool and others, 1976). 

The overland flow influences surface soil movement in two ways; one 
is detachment of soil particles and the other .is transport of soil particles. 
They will be discussed separately. 

1. Detachment 
When water flows on soil surfaces, it generates a tractive force as 

shown by equation 12. It has been mentioned before that soil particles 
have a certain amount of resistant force below which no detachment takes 

place. 
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The tractive force at which soil detachment is initiated is called the 
critical tractive force. There are several studies on critical tractive 
force. However, it is difficult to choose any of them for upland erosion 

studies. Smerdon and Beasley (1961) found a high correlation between clay 

content of soil and critical tractive force. They obtained the relationship 
using cohesive soils on irrigation canals (equation 14). 

Soil structure and surface conditions are also important in resistance 

to the detaching force of runoff water. The soil structure depends on soil 

moisture content, organic material within the soil and plant roots. Plant, 
plant residues and mulches on the surface reduce the flowing power of 
overland flow and its erosive force. Assuming that duBoys• bed load 

equation (Graf, 1971) is valid, the detachment by runoff is estimated as: 

where: 

DHF = C2* (TAU - TAUC)EXP2. * (1-IMPCV) * CMCV I OVL (21) 

DHF 

TAU 
TAUC 

Tc 
IMPCV 
C2 
EXP2 
OVL 

detachment rate of soil particles by overland flow in 
tons/hectare/hour 
tractive force of overland flow in kg/m2 

modified critical tractive force considering soil and 
soil moisture condition, TAUC = T * (1 - exp (-SOIL) ) . c 
critical tractive force from equation 14 
ratio of impervious area to total area 
a constant 
an exponent 
overland flow length in m 

In this equation, it was assumed that no detachment takes place on impervious 
areas, and snow cover on ground does not affect the detachment capacity of 
runoff. 
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2. Transport 
The detached soil particles are picked up and transported downslope 

by the flowing water. The tran'sport capacity of overland flow depends on 
flowing power, soil characteristics, surface conditions, water temperature 

and sediment concentration. The first thre factors are the most signifi
cant. There is no definite method of e ~alu ting the transport capacity. 
It is known that the transport capacity of lowing water is proportional 

to the fifth power of the water velocity (E lison, 1947). 
Many studies have been done to estimat sediment movement in natural 

channels but none of them agree with each o her. These studies do not seem 

to be applicable to overland flow trans Jort because non-cohesive coarse 

materials were usually tested in deep wi[de hannels. The Yalin•s bed load 
equation (Valin, 1963) will be used to , stimate the transport capacity by 
runoff water in shallow flow. This metHod was derived analytically for the 

I 
discharge of solids in steady, uniform flow in which movement of material is 
confined to the vicinity of the bed. Foster and Meyer (1975) recommended 
this equation because of 1) theoretical soundness for shallow flow, 2) good 
fit to observed data, 3) simplicity and no information is available for 
overland flow transport capacity associated with upland erosion. 

When rain falls on overland flow, the turbulence of the flow will be 
increased. This turbulence increases the transport capacity of the runoff. 
The actual transport capacity of the overland flow would be dependent upon 
rainfall intensity and surface roughness of plant on soil surface. The 
relationship is expressed as: 

ATRF = TRF (1 + C3 * I) * CMCV (23) 

18 



where: 
ATRF = actual transport capacity· of overland flow in tons/ 

hectare/hour · 

TRF = transport capacity of o ~erland flow estimated by Yalin 1 s 
method in tons/hectare/ Hour 

CMCV = erosion resistance factor of organic materials on surface 
C3 - a constant depending on rainfall intensity 

However, because of the low rainfall intensity, rain on snow cover or 
snowmelt as a moisture source in the Pacific Northwest C3 can be assumed 

equal to zero. The net result would be: 

ATRF = TRF * CMCV 

3. Upland Erosion Routing 
Upland erosion occurs on both rill and interrill areas. When surface 

runoff starts the interrill flow tends to concentrate and form rills. There 
are only a few studies to describe rill forming phenomenon (Horton, 1945; 

Kilinc, 1972; Young and Wiersma, 1973). They found that runoff and rainfall 
are the most significant rill causing factors. 

The size and number of rills increase as overland flow occurs until 
any surface tillage practice levels them. In the Pacific Northwest culti
vation takes place just before a long winter rainy season. This is the 
main erosion season in the area. It is assumed that rill development is a 

function of rainfall, runoff and surface organic material condition during 
the season. 

where: 

AAR - MAAR* (TOTMST) * ( RF ) * CMCV 
. OMPRE TOTRF (24) 

RILD = MRILD * (6~~~~T) * (TO~~F) * CMCV (25) 

AAR = percentage of rill area to total area 

MAAR = maximum AAR at the end of an erosion season without 

organic materials in soil 
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TOTMST =cumulative moisture , input. :(rainfall and snowmelt) 
during an ero.sion season in mm 

OMPRE = total observed precipitation during an erosion season in 

mm 
RF = cumulative stream flow during an erosion season in mm 

TOTRF = total observed, if avail~ble, or simulated stream flow 
during an erosion season in mm 

RILD = average rill depth in mm 

MRLD = maximum average rill depth at the end of an erosion 
season with no organic materials effect in mm 

If a field within a zone is cultivated, AAR and RILD will be reduced by the 
ratio of the area of cultivated field to the total area of the zone. The 

two factors, MAAR and MRILD can be approximately estimated from field 
observation or actual measurement (McCool and other, 1976). 

The more rills that exist on a field, the more interrill flow will 

concentrate to the rills. At a certain ratio of rill distribution and 

afterwards all the overland flow concentrates and passes through rills. 
The amount of interrill flow moved to rills depends on rill size and dis

tribution and physical condition of the surface. Interrill flow is 
estimated as: 

where: 

QI = QOI * (1 - AAR) 

RQI = C4 * AAR * QI 

(26) 

(27) 

QI interrill flow part of total overland flow in mm/hour, 
QOI overland flow simulated by watershed model in mm/hour, 
RQI interrill flow concentrated in rills in mm/hour, 
C4 a constant related to surface and rill characteristics 

The interrill flow after RQI is: 

AQI = QI - RQI (28) 
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The interrill erosion is calculated with QI rather than AQI since QI 
actually causes erosion on interrill are~ .. There is another moisture 

input to rill. It is subsurface water seepimg to rills when the rill is 
deep enough. There is no study of mini~um rill depth above which sub

surface flow appears. However, it is observed that water flows through 
rills even though no rainfall or interrill . flow exists. Rill flow is 

obtained as the sum of interrill flow concentration, rill part of overland 
flow and subsurface flow appeared to rills. 

where: 

SEEP = C5 * AAR * (QLl * RILD/TOPD) 
QR = QOI * AAR + RQI + SEEP 

(29) 

(30) 

SEEP subsurface flow from a horizon seeped to rill in mm/hour, 
QLl lateral flow from A horizon simulated by watershed model 

in mm/hour, 

RILD 
TOPD 

QR 

average rill depth in mm, 
top soil (A horizon) depth in mm, 
rill flow in mm/hour, 

C5 a constant same as in equation 27, 

It is assumed that the splashed soil particles remain on rill or interrill 
areas until transported downslope by overland flow. However, the soil 
particles detached by runoff are added to the amount of sediment loaded 
to runoff, SOLD. 

The detachment storage for interrill and rill (IDS and RDS, 
respectively) are defined in the model as the amount of soil particles 
detached by runoff, rainfall and loosened soils by tillage practices or 
environmental changes such as freezing, thawing, drying and wetting. The 

amount of detached soil particles in detachment storage changes as a 

function of time and soil conditions. They are estimated as: 
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where: 

DSi = 0Si_ 1 * exp (-C6 * SOIL * TIMEi_ 1) + DHR * TIMEi + CDS 
(31) 

OS soil particles in rill or interrill detachment storage 

in tons/hectare 
TIME time increment during which a simulation is executed 

in hour 
CDS 

i 

C6 

increment to interrill an~ ~ill detachment storages in 
tons/hectare. This is a function of temperature, soil 

I 

moisture change, tillage practices and surface organic 
material content 

time increment 
a constant related to soil characteristics 

The number of soil particles in detachment storage will change as the 

environment changes. 
When eroded soil particles are carried downslope to lower lands 

by overland flow, several factors must be considered in order to 
evaluate the particles• movement to a defined channel. Overland flow 

detaches soil particles and at the same time removes others from detachment 
storage and transports them downslope. 

If the transport capacity is less than the delivered sediment, the 
flowing water is not able to increase the particle concentration in the 
water, which means that no detached soil particles are picked up from the 
soil surface. The amount of soil particles exceeding the transport 
capacity will drop to the surface and be added to IDS or RDS. This pro
cedure is expressed as: 

If ATRF < SOLD 
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PIUP = 0.0 
DPS = C7 * (SOLD ~ ATRF) 

Therefore, soil particles lost downslope ·is: 

(32) 

(33) 

(34) 

where: 

where: 

EROS = SOLD - DPS 

SOLD sediment loaded to overland flow in tons/hectare/hour, 

PIUP pick-up rate of soil particles from detachment storage 
by overland flow in tons/hectare/hour, 

C7 a constant related to sediment settling velocity and 
water quali y 

C8 

DPS 
EROS 

a constant 
water quali 

deposition 
erosion rat 
next zone a 

elated to sediment settling velocity and 

ate of soil particles in tons/hectare/hour 

delivered to downslope and eventually to 
d channel in tons/hectare/hour 

If the transport capaci 

picks up the difference of t 
exceeds the sediment load, the flowing water 

capacity and sediment load. It is 
assumed that no deposition o curs in this case . 

. If ATRF > SOLD 
DPS = 0.0 
PIUP = C8 * (ATRF - SOLD) 

(35) 

(36) 

If PIUP * TIME > I S or RDS, PIUP = IDS/TIME or RDS/TIME, 
respectively 

Actual soil loss is: 

EROS = PIUP + SOLD (37) 
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After the soil particles in detachment storages of rill and interrill 
are transported downslope the amount in the .storages will be changed as: 

and 

IDSi+1 = IDS; + (DPS - PIUP)ir * TIME 

RDSi+1 = RDS; + (DPS - PIUP)r * TIME 

IDS= interrill detachment storage in tons/hectare 
RDS = rill detachment storage in tons/hectare 
TIME time increment in hour 
ir ; interrill area, 
r ; rill area, 
subscripts i ; time increment, 

(38) 

(39) 

These will be the new deposition storages for the next time period. The 

total soil loss from a zone is: 

TEROS = (EROSr * AAR + EROSir * (1 - AAR) ) * AREA (40) 

This will be cascaded to lower zones or to the channel. 

where: 

ZEROS = TEROS * PCAS 
CEROS = TEROS * (1 - PCAS) 

(41) 

(42) 

TEROS total soil loss from a zone in tons/hour over a zone, 
ZEROS soil loss cascaded to lower zone in tons/hour over a zone, 
CEROS soil loss cascaded to channel from a zone in tons/hour 

over a zone, 
PCAS percentage of a zone cascading to lower zone or channel 
AREA area of a zone in hectare 

The sum of CEROS from each zone and alluvium will be the total soil loss 
from upland to channel. The soil particles routed to the channel are 

assumed to be transported to outlet of a watershed as the total upland soil 
loss. 
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C. Channel and Gully Erosion 
Scour in streams and gullies could be significant in the case of 

large floods. The source areas are gulli·es and channels, which are scoured 
on the bottom and side walls by flowing water and bank slumping. These 
contributions to total erosion are not easy to estimate, but it is usually 

not comparable in quantity with total erosion from upland areas of a 

small to medium size agricultural watershed, however, this could be signif

cant for a large watershed. Bank and head cuts by flow in gullies are 
serious erosion sources and cause damage to land management practices. 

These erosion events are neither regular nor predictable in time and space. 
There is no dependable prediction method for channel and gully 

erosion. The well known channel sedimentation formulas show errors in
volved of magnitudes of 100 percent or more (David, 1972). For practical 
purposes, the hydraulic properties of channel flow will be used to predict 
sediment yield from the channel~ 

where: 

SCR = C9 * (RF - RFC)EXP3 (43) 

SCR channel and gullY scour erosion in tons/hour, 
RF flow rate from a watershed in ems, 
RFC critical RF at which scour erosion starts in ems, 
EXP3 and C9; coefficients related to channel and watershed 

characteristics such as channel and gully densities 
and watershed shape 

The total sediment loss from a watershed is the sum of upland soil 
loss and channel and gully scouring erosion. 

SEDMT = DELTSL + SCR (44) 
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where: 

SEDMT total soil loss from a watershed in tons/hour, 
DELTSL total soil loss from upland to channel and gully in 

tons/hour 

The flow chart of the model is shown in Appendices. Since this report 
does not include full details of the model, anyone who is more interested 
in the model should refer to Yoo (1978). 
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CHAPTER V 

APPLICATION OF THE SOIL EROSION SIMULATION MODEL (EROS) 

A. Description of Study Area and Watersheds 

The study area is located (Figure 4)" in eastern Washington and north

west Idaho. The area is the e~stern part of the Palouse prairie of the 
Pacific Northwest dryland grain · region and has a relatively high rainfall 
(more than 500 mm). Yields range from 4 to 8 tons of wheat per hectare. 

However, a critical soil erosion problem exists. Typical conditions of 
the area are very favorable to erosion. They are: 1) long duration rain

fall although of relatively low intensity on wet or supersaturated soil 
surface, 2) rapid snow melting of large snow drifts located on steep north
ward slope caused by warm wind and rainfall, 3) snowmelt with or without 
rain on thawing soil with little vegetation protection for the soil surface 
above a frozen subsurface, 4) steep and long slopes, and 5) heavy culti

vations with summer fallow. 
The soils of the area have marked variations associated with the pre

vailing climatic factors, especially precipitation (Horner and others, 1944). 

The major soil of the area is the Palouse silt loam and others associated 
with the Palouse, Thatuna, Garfield, Staley, Athena, Latah, Caldwell, 
Koster, Snow and Chambers soil types. They are related primarily to the 

topography (Pawson, 1961). Thatuna is found most on north and northeast 
slopes, next three are on hill tops and the last five are on the alluvium 
and drainage areas. The Palouse silt loam is found on the broad intermediate 
slopes. The Palouse and Thatuna silt loams are the most commonly found 
soil series in the area. 

A considerable part of the cultivated land in the area has slopes 
ranging from 10 to 40 percent. Some of the land has more than 50 percent 

slope. However, it is not uncommon in the area to farm slopes of 40 percent 
or more. 
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Figure 4. Locat ion map of the tested watersheds. 
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The climate of the area is . quite different from any other part of 

the nation because of its location (between the Cascade and the Rocky 
Mountains) and a predominant maritime climate originating over the Pacific 
Ocean. The entire area has humid winters and dry summers (Table 2). The 
average annual precipitation from 1893 to 1963 crop years at Moscow, Idaho 

was 560 mm (Klages, 1965). Approximately 60 percent of the precipitation 
occurs during the 5-month period of November to March. Rainfall intensities 

of most winter storms are lo~ less than 5mm per hour in 24 hours for the 

70 study years. Higher intensity storms are common in late spring and 

summer. 
Grain crops and peas are the most widely grown crops in the Palouse. 

Because of extremely light rainfall during the summer season, yields of 

hay and pasture crops are relatively low. Therefore, the principal crops 
grown are winter wheat, winter and spring barley and dry peas, with some 
land in green manure, hay crops or in clean cultivation. Winter wheat is 
the basic cash crop for the area. 

The watersheds selected for this study are located on the eastern 
edge of the South Fork Palouse River basin above Pullman, Washington (Figure 

4). Two different size watersheds were selected to test the erosion model. 
They are Pitzen and Thompson Watersheds. THese watersheds are devoted 
almost entirely to cultivated crops. Tables 3 and 4 give physical and 

hydrological data for these watersheds. 

1. Pitzen Watershed 
This watershed was intensively studied aJ a part of the South Palouse 

River Demonstration project during late 1930 1 s to early 194o•s. Figures 5 
and 6 show a topographic map and watershed zones for the watershed and 
erosion models from which most of the necessar~ data for the erosion model 
were obtained. Table 5 shows the available recorded data from the watershed. 

Three consecutive water years (1938, 1939 and 1940) were chosen for the 

testing years. They had significantly different patterns in hydrology and 

weather. 
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months monthly average accumulated monthly average 
precipitation monthly average temperature 

precipitation 

mm percent mm percent oc 

Oct. 45.2 8.12 45.2 8.12 9.3 
Nov. 72.6 13.05 117.8 21.17 3.2 
Dec. 71.4 12.82 189.2 33.99 -0.4 
Jan. 70.9 12.73 260.1 46.72 -2.2 
Feb. 55.4 9.95 315.5 56.67 0.2 
Mar. 53.8 9.67 369.3 66.34 3.3 
Apr. 40.9 7.34 410.2 73.68 8.1 
May 46.2 8.30 456.4 81.98 11.8 
Jun. 38.6 6.93 495.0 88.91 15.3 
Jul. 14.2 2.55 509.2 91.46 19.6 
Aug. 16.0 2.88 525.2 94.34 18.9 
Sep. 31.5 5.66 556.7 100.00 14.5 

total 556.7 

Table 2. Seventy years (1893-1963) average monthly precipitation 
and temperature at Moscow, Idaho (Klages, 1965). 
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Pitzen Thompson 
I 

size (hectare) 59.4 3.3 
width/length 0.51 0.51 
mean sea level (m) 808 - 853 850 - 875 
overland slopes (%) 0.0 - 30.0 15.5 (average) 
average channel 
slope (%) 2.5 no defined channel 
average channel 
width (m) 0.3 no defined channel 
dominant soil Thatuna silt loam (86%) 
series Palouse silt loam (14%) Thatuna silt loam 
soil depth (m) 1.0 - 1.5 1.0 - 1.5 
infiltration 

0.64.!/- 2.54y rate (mm/hr) not available 

!J seventeen percent slope of undisturbed Thatuna silt loam on winter 
puddled surface. 

y Thatuna silt loam having mulched surface with straw 

Table 3. Physical and hydrological characteristics of the tested 
watersheds. 
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- SOIL TYPE TO PO GRAPH LAYER TP .!/ 15 0.3 ' s G 
' 

That una silt moderately A 55.1 16,7 33,4 38.4 21.7 
loam I sloping (9%) 

B 45,1. ; 22.2 37.6 22.9 7.5 upland 

That una silt moderately A 52.5 15,8 35.1 36.6 17,4 
loam II sloping (15%) 

B 44.8 21,3 39,9 23.5 4.9 upland 

Thatuna silt Thompson 
.: 2/ 

A - 55,1 19.2 43,3 35,9 11.8 
loam III watershed 

B 44,8 21.3 39.9 23.5 4,9 

Palouse silt 
. strongly 

A 53.8 13.4 29.2 40.4 24.6 
loam sloping, 

long slopes B 45,6 18.7 35,8 27.2 10,0 

Garfield silt rounded A 45,9· 19.3 35.7 26,6 10.2 
loam ridge hilly_ .i 

upland B 44.0 22. 7', 37,2 21.3 6. 7 

!/ TP total porosity in percent volume computed by assuming 
specific gravities equal to 2,65 for all soils in moist 
condition · 

S total storage capacity in percent volume 
G moisture freely drained by gravity in percent volume 
AWC; moisture drained by vegetation in percent volume 
15 and 0.3 ; respective atmospheres of tension 

- 2/ soil moisture data obtained by Neff (1966) at the Thompson 
watershed 

AWC 

16.7 

15.4 

19.2 

18.6 

24.1 

18,6 

15.7 

17.2 

16,4 

14.6 

Table 4. Hydrologic characteristics of soils for the test watersheds 
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DATA BASE TIME PERIOD 

evaporation daily 10/1/37 - 12/31/41 
(growing season) 

max. and min. daily 10/1/37 - 12/31/41 temperature 

humidity daily 10/1/37 - 12/31/41 

precipitation daily 10/1/37 - 12/31/41 
break-point time 

stream flow daily 10/1/37 - 12/31/41 
break-point time 

soil loss daily 2/1/38 - 12/31/41 

infiltration rate 

soil moisture for 
spring, fall and winter 1937 - 1941 

surface cover and Oct. - Mar. 1937 - 1941 tillage map 

cropping plan 1937 - 1941 

contour map 

soil map 

erosion map 1939 - 1940 

Table 5. Available data for the Pitzen Watershed. 



85 

scale in meter --- - ---
100 0 100 200 

contour in meter 

Figure 5. Map of the Pitzen watershed. 
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ZONE 1; hill-top 
ZONE 2; south slopes 
ZONE 3; north slopes 
ZONE 4; alluvium area 

Figure 6. Watershed zones of the Pitzen watershed. 
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The water year 1938 was relatively normal in terms of precipitation 
(500 mm) and runoff (130mm). There are no recorded soil loss data before 
February of 1938. Water year 1939, was dry (398 mm) and cold. However, 
high stream flow (33.5% of total precipitation or 133 mm) was recorded. 
Most of the precipitation was snow and remained on the ground until the 

snowmelt season. A total of 115 mm of the runoff took place in March. 
The snow was melted in less than 10 warm days around mid March after a long 
cold spell. This year was a good year for testing of snowmelt and soil 

erosion caused by snowmelt. The 1940 water year was warm and wet (629 mm). 

Rainfall was the dominant form of precipitation. A very small portion of 
the precipitation (11% or 69 mm) appeared as runoff from the watershed. 
Although the 1939 water year had twice as much stream flow as 1940, the 

1939 soil loss was only one-third of that of 1940. This could explain 
that channel scour erosion does not seem to be significant comparing with 
total soil loss from this watershed; there should be high overland flow 

in 1940 and low in 1939 erosion season. 
However, the different patterns of surface conditions during the 

erosion seasons could be another important factor. The crop and field 
conditions are shown in Figures 7, 8 and 9 for the three test years. 

2. Thompson Watershed 
This watershed is located approximately 1.6 km northeast of the Pitzen 

Watershed (Figure 4). Data was collected from this watershed in the late 
1960 1 S and early 197o•s. The watershed was divided into three zones as 
shown in Figure 10. However, there is only one water year (1972) with 
good recorded soil loss data. A more detailed description of the watershed 
is available in Davis and Molnau (1973). Table 6 shows the available 
recorded data for the watershed. This water year had very high precipita
tion (639 mm) and runoff (46% of total precipitation or 291 mm). Spring 

barley was harvested and plowed in fall 1971 and same crop was seeded in 

spring 1972. The high runoff was mostly caused by snowmelt on a warm day 

preceded by and coupled with rainfall. 
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WINTER WHEAT AFTER PEAS 

Figure 7. · Land-use classes of the Pitzen watershed in 1938. 
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Figure 8. Land-use classes of the Pitzen watershed in 1939. 
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Figure 9. Land-use classes of the Pitzen watershed in 1940. 
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B. Operation of the Model 

The erosion model was designed to be operated as a subroutine of the 
University of Idaho version of the USDAHL watershed model. The watershed 

model is described in more detail by Yoo and Molnau (1976) and King (1976). 

The base data requirement obtained from the watershed model for the erosion 

model are: 

1) precipitation (observed) at break-point time. This must be so 

detailed that any high intensity (even a minute duration) is shown, 

which is the main source of overland flow; 

2) daily maximum and minimum air temperature (observed); 
3) overland flow (simulated) at break-point time: 
4) channel flow (simulated or observed) at simulated channel routing 

time interval or observed daily value; 

5) cropping practices (observed); 
6) tillage practices (observed); 

7) growth index curve of plants (simulated); 
8) subsurface flow (simulated) at break-point time; 

9) snow and snowmelt (simulated) at break-point time; 
10) soil moisture (simulated) in A horizon 

The upland erosion will be simulated using these values. 

There are several unknown coefficients and exponents within the erosion 

model. These values must be approximated and optimized later using trial
and-error methods. Some of them can be first estimated from other studies 
or be assumed from watershed or soil characteristics. After a value is 
applied, the simulated output is compared with observed stream flow and 

soil loss. This continues until the user is satisfied. They are shown in 
Tables 7 and 8 with their approximate range and variables and equations 

related to them. 
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Figure 10. Map of the Thompson watershed. 
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DATA BASE TIME PERIOD 

evaporation daily 1969 - 1973 
(growing season) 

max. and min. daily 1969 - 1973 
temperature break-point time 

solar radiation daily 1969 - 1971 
(growing season) 

net soil heat flux daily 1970 - 1971 
(growing season) 

wind movement daily · 1970 - 1972 
(growing season) 

precipitation daily 1969 - 1973 
break-point time 

stream flow daily 1969 - 1973 

snow covered area daily 1971 - 1973 

soil temperature daily 1972 - 1973 

water temperature daily 1971 - 1972 

soil moisture daily 1971 - 1972 

soil loss daily 1972 
·- -

contour map 

hydrologic capacity 
of soil 

Table 6. Available data for the Thompson Watershed. 
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COEFFICIENTS EXPLANATION 
-

c (1) Surface water depth effect to rainfall impact erosion, 
negligible where low rainfall intensity is dominant. 

c (2) Rill effect to surface and subsurface water concentration 
to rill. 

c (3) Snow covered area related to snow drifting index, a ratio 
of maximum snow free area to total area after a snow storm. 

c ( 4) Rainfall detachment related to rainfall intensity, it will 
be approximately estimated comparing rainfall and soil loss 
for a first erosion event after a storm. 

c (5) Overland flow detachment related to tractive force, it will 
be approximately estimated comparing observed stream flow 
and soil loss when overland flow is assumed to be dominant. 

c (6) Rainfall effect to runoff transport capacity, negligible 
where low rainfall intensity is dominant . 

c (7) Soil particle detachment storage change by soil moisture 
change 

c (8) Delivered sediment settling rate factor when SOLD exceeds 
ATRF. 

c (9) Sediment pick-up rate factor when ATRF exceeds SOLD. 
c (10) Channel scouring erosion related to channel flow, it will 

be approximately estimated comparing observed stream flow 
and soil loss when overland flow is assumed to be negligible. 

~ (11) Soil particle detachment storage decreasing rate factor as 
time passes. 

--

* optimized value for the Pitzen watershed. 
** optim~zed by David (1972). 

APPROXIMATE. VARIABLES 
RANGE OBTAINED 

1.0 DEP 
10.0* RQI 

SEEP 
0.8* SNCV 

0.1* DHR 

100.0* DHF 

0.0 ATRF 

1.0 CDS 

1.0 DPS 

1 . .0 . PIUP 

10.0* SCR 

0.0025*'7; DS 

Table 7. Coefficients to be applied to variables in various equations in the erosion model. 

EQUATIONS 
APPLIED 

20 
27' 29 

I 

20 ! 

20 

21 

23 

31 

32 

36 

43 
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EXPONENTS 

EXP (1) 

EXP (2) 

EXP (3) 

EXP(4) 

EXP.(5) 

EXP(6) 

EXP (7) 

EXP ~8) 

EXP (9) 

SMl 
PL 
LL 

* 

' 

EXPLANATION APPROXIMAT-E~ VARIABLES 
RANGE OBTAINED 

Soil moisture effect of resisting to eros1on when 
~ 1.0 · SOIL soil · is dry, i.e., SMl · PL* ::;...---

Soil moisture effect of resisting to erosion when 
~ 1.0 SOIL soil is wet, i.~., LL SMl PL* ' ::;..r 

\ 

Surface water effect to rainfall impact to erosion, = 1,0 DEP negligible where low rainfall intensity is dominant, 

Crop growing factors related to time and growing index 
simulated by the USDAHL watershed model. (Rickman's -~ ~ 1.0 - CMCV 
drymatter simulation curve (1975)) 

Snow c~vered ~r~~ ~A~~4 to snow drifting . ' = 1. .. 0 SNCV . 
' -. - .. ~ - . -

-~ - -
Snow covered area depleted by snow melting ~ 1,0 SNCV 

Rainfall detachment related to rain~a11 intensity = 2.0 
David ana - DHR 

· ' Beer, 1975) 
.. -.:... ... 

Overland flow detachment related to tractiv~ ' force · · 1.5 - 1,8 
. (Graf, 1971)- DHF 

~ 

Channel scouring erosion related to channel flow 0,8 - 1.24 
(Gilbert, 1914-) 

1,33 SCR 
(David, 19 72) 

.soil moisture content in percent volume obtained from USDAHL watershed model 
plastic limit of a soil in percent 
liquid limit of a soil in percent 
It is assumed that .soil is dry when SMl ~ PL and wet when SMl ·~ PL 

-

Table 8. Exponents to be applied to obtain variables in the erosion model 

-

EQCATIONS 
APFLIED 

20,31 
. ' · 

20,31 

20 

20,21, 
23,24,25 

.20) 21 

20· 

20 -. ' 

21 
I 

I 

43 - _ _j 
------



The input data for the erosion model _are given for zones, crops, 
upland and channel factors. Most of these values can be obtained from 
physical and cropping characteristics of a watershed. 

Zone Factors 
wws ( %) 

PL (%) 

LL ( %) 

CLAY (%) 
IMPCV (%) 
MAAR (%) 

windward face factor, percent of windward area to total 
area 
plastic limit of a soil 
liquid limit of a soil 
clay content of a soil 

percent of impervious area to total area 

maximum rill area in percent to total area at the end of 
an erosion season 

MRILD (mm) ; maximum rill depth at the end of an erosion season 
DRIFT (mm/hour) ; snow drifting factor 
MCDS (tons/hectare/hour) ; maximum increment of detachment storage 

when soil is wet 

Crop Factors 
CRMCV (%) ; percent of maximum crop covered area to total area 
CRMHT (m) ; maximum crop height 

XCOV (weeks) ; the week when CRMCV is measured after planting 
MULCH (tons/hectare) ; plant residue left on a crop field 
RESU plant residue conditions; plowed, standing stubble or no-till 
CROP ; planting season of a crop;winter, spring, perennial or 

permanent 
SBD ; number of weeks between seeding and spring break of dormancy 

for winter crops, zero for spring crops 
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Upland Factors 
NO, Nl, N2, N3, N4, and N5 values describing upland surface conditions 

used to obtain Manning•s surface roughness 
coefficient, n (Cowan, 1956) 

N = ( NO + Nl + N2 + N3 + N4) N5 

N final roughness coefficient, 
NO basic n value for a straight, uniform, smooth channel in the 

natural material involved 
Nl effect of surface irregularity 

N2 variations in shape and size of cross section 
N3 obstructions 
N4 vegetation 
N5 meandering of channel 

Values of these can be obtained from Appendix V. 

AX 
AXl 
DEGHR 

DXTHW 

erosion resistance index of upland soil at plastic limit 
erosion resistance index of upland soil at wilting point 
index degree-hour to define complete melt of frozen soil 
critical temperature at which the surface of the frozen soil 
starts melting 

OMPRE (mm) total precipitation during erosion season (October 
through March in the Pacific Northwest) 

OSPRE (mm) 

ACCRUN (mm) 
OSRUN (mm) 

total precipitation at the beginning of simulation 
after erosion season starts 
total channel flow during erosion season 
total channel flow at the beginning of simulation after 
erosion season starts 
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Channel Factors 
WDTH (m) average width of channel 
VP (m/s) permissible velocity of channel flow below which no 

scouring occurs 
CSL (%) channel bottom slope steepness 
CMANN , Manning 1 s roughness coefficient of channel 
CORFCT correcting factor for channel scouring erosion when 

observed daily stream flow is used instead of simulated 
routing time interval 

The following values are also necessary to initialize surface conditions 
at the beginning of a simulation: 

SNCV (%) ; percent of snow covered area to total area, 
RDS (tons/hectare) amount of detached soil particles remaining in 

rills, 
IDS (tons/hectare) ; amount of detached soil particles remaining on 

interrill areas 
AARI (%) ; initial rill distribution, 
RILDI (mm) ; initial average rill depth. 

These values can be obtained by field observation. If observed daily 

sediment loss data are available, they can be used to compare and evaluate 
the simulated results. 

Appendix II shows format of the input parameters to the erosion model. 
They are read completely separately from the USDAHL watershed model input 
file. 
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C. Results and Discussion 

The 1939 water year of the Pitzen watershed was used for the parameter 
optimization. This was done by trial and error using the total sediment 
yield as the parameter for comparison. Once this was done, the other water 

years were tested using the same parameters. For the Thompson watershed a 
second set of parameters was derived. However, only a few values were 
needed to be changed from those of the Pitzen watershed. The parameters of 

the erosion simulation model used for the -two watersheds are shown in 

Appendices III and IV. 
For the runoff simulation, initial values were obtained from the value 

of the last day of the previous water year's output. Table 9 shows the 
initial soil moisture used for the test water years. The values were 
obtained at the end of previous water year simulation except the 1938, 
Pitzen watershed. The lowest simulated soil moisture in 1939 water year 
was chosen for 1938 test. Many parameters could be set to zero since the 
water year in the Palouse starts after a long dry season. It seemed that 

the runoff events of the beginning months (October, November, and December) 

were very sensitive to the initial soil moisture. The higher than observed 
stream flows (Tables 10 and 11)show that the initial soil moisture used 
might be inadequate. It could be true since the runoff was simulated as 

subsurface flow which usually occurs when soil moisture is saturated or 
at near saturation. It seems that more moisture should be extracted from 
subsurface moisture so that more water could be held in the soil after a 
dry season. Past records show that soil moisture reaches below wilting 

point (8.3% at 150 mm, 15% at 300 mm, and 20% at 600 mm below soil surface 
on the 20th of August, 1970) at the end of summer season on the Thompson 
watershed (Davis, 1971). The simulated soil moisture hardly reaches this 

point. This condition is well shown in Tables 17, 19, 20 and 21 as the 
simulated stream flow is higher than the observed in the beginning season 

of each year, most of which were simulated as subsurface flow. .As shown 

in Tables 10 and 11 the monthly simulated stream flows do not deviate much 

from the recorded flows except for the early season. The least accuracy of 
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~ATERSHED LAYER 1 LAYER 2 

THOMPSON SMI SMI 
ZONE SMWP 1972 SMAWC DEPTH SMWP 1972 SMAWC DEPTH 

1 38.4 85.2 86.6 200 255.6 394.8 478.8 1200 

2 48.0 93.3 ~08.3 250 255.6 400.8 478.8 1200 

3 57.6 107.1 ~29.9 300 319.5 513.0 598.5 1500 

* PITZEN 1938 1939 1940 1938 1939 1940 

1 33.4 35.4 40.4 36.4 66.8 200 333.0 423.0 427.5 427.5 564.0 1500 

2 31.6 39.6 44.2 39.2 70.2 200 255.6 345.6 345.6 346.8 478.8 1200 

.J ~-:> '+I. U :>.:>.u '+0.:> '87. 8 250 255.6 351.6 352.8 356.4 478.8 1200 

4 50.1 56.1 58.5 55.5 100.2 300 333.0 468.0 465.0 475.5 564.0 1500 

I 

* It is assumed that Zones 1 and 4 have Thatuna silt loam I (9% slope) and Thatuna silt loam II 
(15% slope) on Zones 2 and 3 (Table 4). 

SMWP = Soil moisture. at wilting point or 15 bar tension atmosphere in rnrn. 

SMI = Soil moisture obtained at the end of previous water year. 

SMAWC = Soil moisture at available water capacity or 0.3 bar tension atmosphere in rnrn 

DEPTH = Soil layer depth in mm. 

Table 9. Soil moisture, initial soil moisture and soil depth used for the test watersheds. 



YEAR MO N PRECIP 

RAIN + f_s_1_'R __ E_AJ_~1_P_·L_O __ l~_l-+-. _ · SOIL LOSS ;:JTOTAL SOIL LO SS 

~!ELTa I SIMUL . OESER UPLAND CHANl b C!Lt.J~} 1 SI~IUL c OESER -· 

J_971 10 
11 

31.00 
69.08 

12 109.47 

27.43 0.0~ 0~0 0.0 0.0 0.0 0.0 0.0 
o.u 0.0 0.01 0.0 0.01 0.0 
0.0 0.36 0.09 0.0 0.45 0.0 

.1972 1 81.49 
2 89.53 
3 104.90 
4 25.13 

72.64 
46.R7 
72.56 

0.87 
19.92 
57.02 

120.64 
90.·00 9.57 0.56 0.97 10.13 10.55 

l 

5 
6 
7 
8 
9 

60.45 
10.92 
21.08 
15.24 
17.78 

156.12 
109.85 

25.14 
69.45 
10.92 
21.08 
15.24 
17.78 

94.18 
2.93 
0.0 
0.0 
0.0 
0.0 
0.0 

109.60 . 8.23 1.08 0.92 9.31 17.6+ 
91.72 48.23 0.73 0.77 48.96 13.18 

0.38 0.28 0.01 0.0 0.29 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 o.u 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 639. og 639. og I 225_~12_1_. 7 __ o__L_.__:_66.:._.___;6___;7 __ 2 __ . 4_8 __ ,_2 __ ._;6c_:.6_~ __ 6.:_,9___;._:..1_;5 ____ 4 __ 1._;.._3_7 __ 

a ; simulated moisture input 
b , CHAN1 - channel scouring erosion using simulated channel flow 

CIMN2 - channel scouring erosion using observed channel flow 
c , UPLAND + CHANl 

Table 1.0. Monthly summary of simulated and observed output for the Thompson 
~· Watershed - moisture in n1illin1eter and soil loss in metric toi1s. 
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I 1RAIN + STREAN FLOW5~-;orL Loss lroTAL sorL Loss 

- -~ + j
PRECir hlELTa SIMUL OBSE l~ -~;LAND---~~~~ .~~~JIAN2b_l_ SIHUL~ __ OBSEI~-

1937 10 33.53j 33.53; 0.0 0.0 I 0.0 0.0 0.0 I 0.0 -
11 90.l 7 ! 90 .1 7 1.11 o.o 1 o.o 0.41 o.o 0.41 -
12 104.9 4 ,100.89 58.86 4.11 . 85 . 3~ 27.50 0.88 112.82 -

J938 1 44.19 44 .77 36.60 30.731 30.75 12.05 7.28 42.80 -
2 44.46 36 .71 1 20.44 41.63 0.33 4.36 9 . 52 4.69 0.08 
3 49.28 6 0 .~0, 38.89 . 42. 52 29.47 11.18 9.80 j 40 .65 29.51 
4 38.61 38 .'71· 19.64 11.40 169.06 5.99 .l.87l' 175.05 33.91 
5 38.82 1 38.8 2 1.18 0.281 0.30 0.07 0.011 0.37 7.91 
6 30.48 30.48 0.0 0.0 0.0 0.0 0.0 0.0 0.00 
7 2 . 79 . 2 . ?9 I 0 . 0 0 . 0 I 0 . 0 0 . 0 0 . 0 l 0 . 0 . 0 . 0 

~ 1~:~~ 1~:~~ ~:~ ~:~ i ~:~ ~:~ ~:~ I ~:~ ~:~ 
TOTAL 500 .89_,500.89_176 .72 130.39,315.23 61.56 29.31376 .79 71.4ld 

1938 10 45 . 47 45.47 0.0 0.0 I 0.0 0.0 0.0 I 0.0 0.0 
11 60.20 60 . 10 0.51 0.0 I 0.00 0.21 0.0 I 0 .21 0.0 
12 29.21 28.08 1 0.20 0.181 0.00 0.08 0.01! 0.08 0.05 

1939 1 38.36 38.98! 13.78 0.25 ( 0.00 3.03 0.001 3.03 0.08 
2 89.93 31.49; 15.31 14.os 1 o.oo 3 .17 2.63 ~ 3.17 2.49 
3 53.84 112.87 1 90.71 114.951 111.12 45.71 48.91 1 157.43 260.44 
4 9. 40 Y. 40 I 3.17 4.14 I 0.03 0 . 37 0.46 0.40 0.24 
5 22.35 22.351' 0.07 0.0 0.0 0.0 0.0 0.00 0.0 
6 20.07 20.07 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 19. s6 19 . s61 o. o o. o o. o o .o o. o I o. o a. o 
8 O.CJ 0.0 0.0 0.0 . 0.0 0.0 0.0 I 0.0 0.0 ' · 

0.0 0.0 0.0 

52.57 164.32 263.30 

1939 10 30.23 30.23 0.0 0.0 ! 0.0 0.0 0 . 0 0 . 0 0.0 
11 i 7.111 8.13 0. 0 0.0 i 0.0 0.0 0.0 0.0 0 . 0 
12

1

·112.76 112.441 6.23 o.2o I 63.93 3.54 o.o3
1 

67.47 o.o 
1940 1 43.93 37.70 28.58 1.65 '1

1 

0.33 9.27 0.1 5 , 9.60 1.59 
7 120.83 125.951 89.47 19.86 166 .80 44 .45 12 841 211.25 38~ . 71 
3 78.76

1

· 78.74
1 

s2.83 38.38 I 15o.4o 2o.o1 Io.3 8 170.47 26o .4o 
4 56.41 S6.·U, 23.68 8 .56 15.48 6 .5 3 1.63 ~ 22.01 92.88 
5 21 .33 21.331 9 .79 0.61 5.12 2.27 0.0 71 7.39 3. 70 f 

6112.70 ; 12.701 0.19 0.0 0.0 0.00 0.0 0.0 0.0 I 
1! 43.94 ; 43.9 4 1 o.1o o.o I o.o9 o.o6 o.o o.1s o.o J 

s
1 

o.o I o.o 

1 

o.o o.oj o.o o.o o.o o.o o.o i 
9 1 0 1 . 8 5 i 1 0 1 . 8 5 l. J 9 0 . 0 0 . 2 .3 0 . 58 0 . 0 0 . 81 0 . OJ 

LToT AL LQ.:...'!.:ili 2 'J . 4 3 1 2 1 2 . o s 6 9 .. f r, _12__2.~JL.ll-Q_,_ 7 ~-1 s .J~ _ 4 8 g • 15 74 2__,_~ B . 

a, b and c , sec Ta1J le 10 , d , no re co1d before February. 

Table 11. iviont.hly ~;umm crr y of simu]htcJ and obse r ved output for the Pitzen 
\vatcrs~1cd - moisture in ra illjmc tcr and soil loss i:n metric tons. 
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the simulations is 1940 of the Pitzen watershed (212 mm and 69 mm of annual 
simulated and observed stream flows, respectively). These are mostly because 
of the high initial soil moisture obtained from the previous year's simu

lated and low deep percolation. water loss. For more information on this 
problem, see Yoo and Molnau, 1976. 

The Tables 10 and 11 also give the monthly and yearly simulated and 
observed soil loss. The simulated results show the three different sources 
of erosion in the model. They are: 1) soil loss from upland areas (UPLAND), 
2) channel scour erosion using simulated stream flow (CHANl), and 3) channel 
scour erosion using observed stream flow (CHAN2). The last two values are 

usually comparable to each other when the stream flow simulation is accurate. 
However, upland soil loss and total soil loss does not follow this pattern 
because upland soil loss is caused by overland flow and high stream flow 
does not necessarily mean that an overland flow event occurred. As will 
be discussed later, the watershed model does not estimate good values for 
overland flow. In the Palouse, overland flow usually takes place when any 
of the following events or some combination of them exist: 1) high inten

sity rainfall or snowmelt, 2) saturated A or B horizon and 3) partially 
thawed ground surface above frozen subsurface. There are several other 
deficiencies of the watershed model as a tool for erosion simulation such 
as inaccuracies in determination of infiltration rate, defining of rain-
snow event, snowmelt, frozen ground and subsurface flow routing. These 
are directly or indirectly related to overland flow. These conditions 
will also be discussed in a later part of this chapter with daily events 
of the model output. It should be noted that the timing of the high soil 
loss event matches with the recorded even though the amount does not. 

It is important to identify the source area of soil loss. The water
shed model cascades overland flow on or around upland zones. This routine 
was also used to cascade the upland soil loss through zones downward. 

The flow paths of the cascades for flow and soil are shown in Figures 11 

to 14. Tables 12 to 15 also show upland soil loss cascaded through the 

rill and interill area. Since rill erosion simulation depends on the 

estimated rill size and distribution this estimation should be obtained as 
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ZONE 1 (-24.6) 

24.6 

ZONE 2 (-22.2) 

22.2 

ZONE 3 (-19.9) "' 

> < 
66.7 

I I · 

TOTAL UPLAND SOIL LOSS = 66.7 tons 

CHANNEL SCOUR EROSION = 2.5 tons 

TOTAL SOIL LOSS = 69.2 tons 

* in parenthesis; negative indicates erosion and positive 
deposition 

Figure 11. Simulated soil loss cascaded on three successive soil zones 
and channel of the Thompson watershed in water year 1972 
(soil loss in metric tons). 
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Figure 12. 

\ 

ZONE 1 (-18.6) 

. 
5.7 

1,.19 

ZONE 2 (-138.2) 

143.6 

7.5 
I I 

ZONE 3 (-24.9) 

:> 
I 

1.9 
36.2 .. 

I I 

ZONE 4 (-133.4) 
< 

313.2 
I l 

TOTAL UPLAND SOIL LOSS = 315.2 tons 
> CHANNEL SCOUR EROSION = 61.6 tons 

TOTAL SOIL LOSS = 376.8 tons 

* in parenthesis; negative indicates erosion and positive 
deposition 

Simulated soil loss cascaded on four successive soil 
zones and channel of the Pitzen watershed in water 
year 1938 (soil loss in metric tons). 
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ZONE 1 (-24.6) 

. 7.4 

1(i2 

ZONE 2 ( -6.6) 

22.6 

1.2 
I I 

ZONE 3 (-77.4) 

.> 
I 

4.3 
81.7 

I I 

ZONE 4 (-3.2) 
~ 

107.4 
~ J I 

TOTAL UPLAND SOIL LOSS = 111.7 tons 
.> CHANNEL SCOUR EROSION = 52.6 tons 

TOTAL SOIL LOSS = 164.3 tons 

* in parenthesis; negative indicates erosion and positive 
deposition 

Figure 13. Simulated soil loss cascaded on four successive soil 
zones and channel of the Pitzen watershed in water 
year 1939 (soil loss in metric tons) 
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ZONE 1 (-76.6) 

23.0 

53.6 
I I 

ZONE 2 ( -317.9) 

352.9 

18.6 
I I 

ZONE 3 {-83.4) 

"> 
I 

6.2 
118.7 

J L 

ZONE 4 (75. 7) 
< 

395.9 
J l 

TOTAL UPLAND S L LOSS = 402.1 tons 

> CHANNEL SCOUR EROSION = 86.8 tons 

TOTAL SOIL LOSS 488.9 tons 

* in parenthesis; negative indicates erosion and positive 
deposition 

Figure 14. Simulated soil loss cascaded on four successive soil 
zones and channel of the Pitzen watershed in water 
year 1940 (soil loss in metric tons) 
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ZONE I ZONE II 

MONTH QO REROS I EROS ZEROS BALANCE QO REROS I EROS ZEROS BALANCE 

1971 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 1.5 0.0 2.2 0.0 -2.2 0.0 0.0 0.0 0.0 0.0 

1972 1 9.7 0.0 1.3 0.0 -1.4 4.9 0.1 3.1 0.0 -3.2 
2 12.7 0.6 2.8 0.0 -3.4 7.5 0.4 1.3 0.0 -1.7 
3 11.0 8.9 8.5 0.0 -17.4 4.0 12.8 4.2 0.0 -17.0 
4 0.0 0.2 0.0 0.0 -0.2 0.0 0.3 0.0 0.0 -0.3 
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 34.9 9.8 14.8 0.0 -24.6 16.4 13.6 8.6 0.0 -22.2 

ZONE III 

MONTH QO REROS I EROS ZEROS BALANCE 

1971 10 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 QO ; overland flow in mm 
12 0.7 0.0 0.3 2.2 1.9 REROS ; soil loss from rills in t 

1972 1 43.0 0.3 9.3 4.6 -5.0 IEROS ; soil loss from interrill 
2 47.2 1.4 6.8 5.2 -3.0 in tons 
3 30.1 24.2 24.1 34.4 -13.9 ZEROS ; soil loss transported fro 
4 0.0 0.3 0.0 0.4 0.1 upper zone in tons 
5 0.0 0.0 0.0 0.0 0.0 BALANCE ; soil loss balance on 
6 0.0 0.0 0.0 0.0 0.0 a zone in tons - negati 
7 0.0 0.0 0.0 0.0 0.0 shows erosion and posit 
8 0.0 0.0 0.0 0.0 0.0 for deposition 
9 0.0 0.0 0.0 0.0 0.0 

TOTAL 121.0 26.2 40.5 46.8 -19.9 

Table 12 -- Monthly summary of soil loss and overland flow from zones 
of the Thompson watershed in water year 1972. 
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ZONE I 

MONTH QO REROS I EROS ZEROS BALANCE QO REROS 

1937 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 1.6 0.3 5.9 0.0 -6.2 13.1 3.7 

1938 1 2.6 0.8 4.0 0.0 -4.8 4.7 2.9 
2 0.0 0.0 0.0 0.0 -0.0 0.0 0.1 
3 0.1 0.8 0.8 0.0 -1.6 1.4 13.1 
4 1.2 3.2 2.4 0.0 -5.6 4.8 25.1 
5 0.0 0.4 0.0 0.0 -0.4 0.0 2.8 
6 

1 o.o 0.0 0.0 0.0 0.0 0.0 0.6 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 5.5 5.5 13.1 0.0 -18.6 24.0 48.3 

ZONE III 

MONTH QO REROS I EROS ZEROS BALANCE QO REROS 

1937 10 0.0 0.0 0.0 o.o 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 -0.0 0.0 
12 0.3 1.9 11.7 4.9 -8.7 67.1 5.3 

1938 1 1.0 2.9 5.7 2.3 - 6.3 15.9 . 4.9 
2 0.0 0.2 0.0 0.0 -0.2 0.0 0.3 
3 0.0 8.3 0.0 1.8 -6.5 2.8 17.0 
4 0.0 7.4 0.0 3.9 -3.5 13.6 80.1 
5 0.0 0.0 0.0 0.3 0.3 0.0 0.3 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 1.3 20.7 17.4 13.2 -24.9 99.4 107.9 

symbols ; see Table 10 

Table 13 : Monthly summary of soil loss and overland flow from zones 
of the Pitzen watershed in water year 1938. 

-
ZONE II 

I EROS ZEROS BALANCE 

0.0 0.0 0.0 
0.0 0.0 -0.0 

57.1 4.3 -56.5 
14.0 3.3 -13.6 
0.0 0.0 -0.1 

12.9 1.1 - 24.9 
18.8 3.9 -40.0 
0.0 0.3 -2.5 
0.0 0.0 -0.6 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

102.8 12.9 -138.2 

ZONE IV 

I EROS ZEROS BALANCE 
. 

0.0 0.0 0.0 
0.0 0.0 0.0 

79.3 70.7 -13.9 
25.5 24.2 -6.2 
0.0 0.3 -0.0 

12.0 32.6 3.6 
88.6 48.8 -119.9 
0.0 2.7 2.4 
0.0 0.6 0.6 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

205.4 179.9 -133.4 
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ZONE I 

MONTH QO REROS I EROS ZEROS BALANCE . QO REROS 

193810 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

1 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 
3 8.7 8.8 15.8 0.0 -24.6 1.9 7.2 
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 8.7 8.8 15.8 0.0 -24.6 1.9 7.2 

ZONE III . 

MONTH QO REROS I EROS ZEROS BALANCE QO REROS 

193810 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0~0 -0.0 0.0 0.0 
12 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 

1 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 
2 0.0 0.0 0.0 0.0 -0.0 0.0 0.0 . 
3 8.9 50.3 35.7 8.6 -77.4 43.1 40.9 
4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 8.9 50.3 35.7 8.6 -77.4 43.1 40.9 
---~--- - ---- --- - - - - -- --

symbols ; see Table 10 

Table 14 : Monthly summary of soil loss and overland flow from zones 
of the Pitzen watershed in water year 1939. 

ZONE II 

I EROS ZEROS BALANCE 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 -0.0 
0.0 0.0 -0.0 

16.6 17.2 -6.6 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

16.6 17.2 -6.6 

ZONE IV 

I EROS ZEROS BALANCE 

0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 . 0 .. 0 

66.5 104.2 -3.2 
0.0 0.0 -0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

66.5 104.2 -3.2 
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ZONE I 

MONTH QO REROS I EROS ZEROS BALANCE QO REROS 

1939 10 0.0 n.o 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 2.7 0.2 8.3 0.0 -8.5 7.2 1.1 

1940 1 0.0 6.0 0.5 0.0 -0.5 0.2 0.3 
2 11.8 2.9 12.9 0.0 -15.8 23.7 16.9 
3 3.4 13.3 19.2 0.0 -32.5 11.2 55.4 
4 0.1 0.5 3.4 0.0 -3.9 0.5 7.0 
5 0.2 1.5 13.9 0.0 -15.4 1.3 12.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 -0.0 0.0 0.9 
8 0~0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 18.2 18.4 58 .. 2 0.0 -76.6 44.1 93.6 

ZONE III 

MONTH QO REROS I EROS ZEROS BALANCE QO REROS 

1939 10 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
11 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
12 0.0 0.0 0.0 5.0 5.0 15.1 2.0 

1940 1 0.0 0.2 0.0 0.4 0.2 0.2 0.2 
2 7.6 12.0 31.5 9.5 -34.0 88.9 34.7 
3 0.7 47.0 27.0 16.8 -57.2 22.7 52.4 
4 0.0 5.5 0.0 2.5 -3.0 0.0 15.2 
5 0.0 1.7 0.0 7.3 5.6 0.0 5.0 
6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
7 0.0 0.0 0.0 0.0 0.0 0.0 0.1 
8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

TOTAL 8.3 66.4 58.5 41.5 -83.4 ~26.9 109.6 
- -~ 

for symbols, see Table 10 

Table 15 -- Monthly summary of soil loss and overland flow from zones 
of the Pitzen watershed in water year 1940. 

ZONE II 

I EROS ZEROS BALANCE 

0.0 0.0 0.0 
0.0 0.0 0.0 

47.1 5.9 -42.3 
4.6 o ·.4 -4.5 

78.2 11.1 -84.0 
86.7 22.7 -119.4 
19.0 2.7 -23.3 
42.3 10.8 -43.5 
0.0 0.0 0.0 
0.0 0.0 -0.9 
0.0 0.0 0.0 I 
0.0 0.0 0.0 

277.9 53.6 .:.317.9 

ZONE IV 

I EROS ZEROS BALANCE 

0.0 0.0 0.0 
0.0 0.0 0.0 

62.0 45.9 -18.1 
0.1 4.8 4.5 

129.9 131.7 -32.9 
94.3 205.3 58.6 

0.0 29.9 14.7 
0.0 . 53.2 48.2 
0.0 0.0 0.0 
0.0 0.8 0.7 
0.0 0.0 0.0 
0.0 0.0 -0.0 

286.3 471.6 75.7 



precisely as possible. This is an area which has to receive further study 
if better computations of soil erosion are to be made. The preceeding 
results may give some information where (zones) the erosion and deposition 
occur. This would be a good planning tool of evaluating and controlling 

soil erosion from upland area. 
Because upland erosion occurs when and where overland flow exists, 

a monthly summary can not explain the accuracy of the simulation. An 
example computer output of the simulation for short time periods (channel 
routing time and overland flow routing time) is shown in Appendix IV. 

However, there is no recorded data with which simulated results are com
pared. In most cases sediment loss data from a watershed are collected 

on a daily basis. Tables 17, 19, 20 and 21 have the daily results of the 
watershed and erosion models. The simulated total soil loss from a water

shed with estimated channel erosion using simulated stream flow (SIMUL1) 
or observed stream flow (SIMUL2) are shown in the tables. They also show 
snowmelt and rain-snow form simulations. For convenience, discussion of 
the daily simulation output will be done for each water year for each water
shed. 

1. Thompson Watershed (Table 17) 

As discussed before the high initial soil moisture (Table 9) obtained 
from the last day of the previous year caused stream flow and soil loss in 

the early months of the water year (Table 10) when no events were observed. 
The following days were selected to be discussed in detail since they have 
high stream flow and soil loss. Table 16 shows the simulation of overland 
flow, upland erosion and their cascading to lower zones of the selected 
days. Table 17 shows the daily summary for the periods discussed. 

a) Days 112-114 (January 20 - January 22) 

There would be high moisture input from snowmelt on day 113, which 

caused the high observed stream flow on the day and the next days. The 

low soil loss and high stream flow as recorded during this period explains 

that most of the water came from subsurface flow. Snowmelt simulation of 

the model shows that there was an average of 60 mm snow water equivalent 

61 



YEAR. DAY ZONE 

FROM 
FROM INTE-

Qo!f RILLS RILL 

FROM i/--~OTAL 
UPPElt 3/ FROM 
ZONE BALANCE UPLAND 

TOTAL 
CHAN- SOIL 
NEL LOSS 

1-----i···----~---+-
7. 82 0.03 

0.07 
0.23 

· no 0.0 
0 . 0 
2.77. 

-1.12 
·1. 65 
-5.35 . 

1972 Jan 20 I 
II 

III 
4 .5 8 

33.43 

1 • v •• 

1.58 
7.$q 

8 .12 0.24 8.36 
---1-------·---~ 

Jan 21-----y-- o-.o---0. ~o.-o---·-a.-o~-- -0' 00 
II 0 . 0 0.00 0.0 0.0 -0.00 

III I 7,20 0.01 0.26 0.00 -0.27 _ _.!2:3'7 _2_:15 __ 0_.42 
Jaii 22 r 1 o. o---o-.-6- o. o o. o --=-o-. o· 

II I' 0.0 0.0 0.0 0.0 0.0 
III 0.0 0.00 0.0 0.0 -0.0~~ 0.00 0.08 0.08 

Feb 18 I o.J7 o.o1 o.o o.o -- -o.orr·--------
II 0.0 0.01 0.0 0.0 -0 ,011 

III 1.86 0 . 05 0.20 0.02 -0.23 0.25 0.07 
Feb 19 r o. o o. oo---0--. -o---=o-. -=-o-----0. oo 

I I I ·0. 0 0. 00 0. 0 0. 0 -· 0. 00 
III 0.67 0.03 0 . 13 0.00 -0.16 o. 16 0.10 0.26 

Feb 27 I 9.31 0.58 2.35 0.0 --=2--:9~----------! 

II 6.34 0.38 0.90 0.0 -1.291 

I I_I -t-3-.6_.-:-3-::-5---:1::--.-::-2-::-3---:S · 31 __ 4 ___ · __ 2_1 __ ·_-
2

0 
·. 
3

4
_
3

2
_r1 

6 . 54 _9 . 2 5 --~_:2_~ 
Mar --sr-·I 1. 46 o .11 f)-:3-i o: o 

II 0.51 0.14 0.23 0.0 -0.37 
III 6.17 0.40 1.33 0.79 -0 94 

·~ 1.73 0.09 1.82 
,_M_a_r_l_3.,~ -I--4--5-. 1,.......5----=-6-. s-=-· 1.1-:--+ ---.6-. -=3-=-1---::0::-.-:::0---·-:1;-;3:;--,-= l 5 

II 2.95 9.43 2.91 0.0 -12.34 · 
III 16.36 18.18 ' 17.42 25.49 -10. 11 

35.60 0.16 35.76 

1/ Amount of over land flow in a day . in mm. 
~/ Thomp son Watershed wa s divided such that all eroded soil particles 

from Zone I and Zone II c as cade to alluv.iu:n (Zone I II). 
~ Negative val '-..;e shows erosion and positive for ·(ieposi tioH. 

Table 16 ; Simnlated output o f ov t'r land flow and soil loss on watershed 
zones for selected days for ·the Thompson Water shed in water 
year 1972 (soil loss in tons). ~ ,. 
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CAllY SUMMARY OF RUNOFF A~O EROSION FCR YEAR 1972 
- --f'·~ . PRECIPlTATlONCt·HO TEMPERATURE(~ClAVA[LABLE MOISTUREP.1"1) RIJNOFF.(M~J · · SOIL LOSSfTm:S) 

CAY RAlN SNOW TOTAL · P'J\X ' MIN . ... - AV§ RA~N SNOW . T \H A~ S!MUL OBSER SIMULl GBSER · · SIMUL2 
-.---S6 o.zs __ o.o. ___ Q .. 25,- -.5...0 .... .=...0...~-2-7 --.{). ~ 54---0 .•. .Q. - - --'>--&!)4---4-w-0 0-... G o .!l-----4-...-.0 nw G-- --
. 57 17.78 o.o 17.78 2.~ o.c .• l.t 17.780· o.o 17.701) 0.225 o.o 0.001 o.o o.o 

sa . o.o o.o o.o 7.e o.c 3.9 o.o . o.f)_ . J.o., . 0.169 _·o.o ·o.oo1 o.o o.o 
59 , 14.22 o.o 14.22 · z.z . c.6 : 1.4 14.224 o.o t4.2 ~ 4· o.t65 · o.o o.oo1 . o.o 

0
•

0 :...____fl 0 __ __ L 3 .L _ Q. 0 _ _ _7 • .3 1-- . _.3 .. . 9 - -- -1• 1..__._2 .• . 5 - 1 .• . 3 6.6. _:_ Q..,-!)_:._ _____ 1. 3 6 6.-lJ....O ~L..---0 ..-0--C. 0 ClJ---D • 0 0 • . 
0 
__ 

. 61 . 0.0 0.0 . · 0.0 3 .. 3 -~·! .. 1.1 O.f) . 0.•1 0.0 . 0.0 0.0 . 0.0 0.0 0.0 
62 o.o · o.o o.o 2.2 -£., -o .. o o.o .· o.9 o.o .. o.o · o.o .0.0 o.o ; · 

0
., 

{;3 o.o o.o . o.o . 1.7 -0.6 0.6 o.o .. . o.o o.o o.o o.o o.o o.o o.o 
_ _.6 4 __ .Q. 0 -1-2 I-.. L. 21---2•2---~ 6 • . 1.-=-! .• .<).- 0. 0 -----0 .6.4 -CL--.O. bi~O--lJ-. C}..__:.-!.).._ • . Q.._.__{:). 0 - 0-. (l..___-O .. l)__ 

65 . 0.0 0.0 0.0 C.O -2.8 -1.4 0.9 0.0 . ?•O . 0.0 0.0 0.0 o.c · 0.0 
66 4.32 . 6.35 10.67 5.6 -1.7 1.9 4.318 0.630. ~.9~8 0.060 o.o o.ooo o.o o.o 
67 o.o 29.21 29.21 c.o -14.4 -:-7.2 o.a . o.o o.o o.o o.o o.o o.o o.o 

__ 6a _____ o.o __ _ o.o ______ .. o.o ___ ~5 .. 0- -- .t7.a .- .11.4 -- 0 •. o. --O • .o........ __ -0 ... 0- . .....:.1.)-.. n----O-.~ o. •. G ... Q.{) __ _ 
69· . 0.0 13.97 13.<; '1 -C.6 -lO.C · -5.3 0.0 0.0 0.0 . 0.0 0.0 o.o 0.0 0.0 
1 c 0 • ~ 0 • 0 0 .. 0 1. 1 . - 3 • 3 . - 1 • 1 Q • 0 . 0 • 0 2 1t 0 • 0 2 1t 0 • 0 0 • 0 . 0 • 0 0 .. 0 0 • 0 

. 71 O.J 1.27 1.27 C.O -5.~ -2 .. 8 u.O 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
_ ___ 12 ______ o. o ____ o.o .. __ o .. o .. ~ .• 9 :::- 11 . .. 1 . ..:._~7. a __ o. cL .. ___ -1). !J ________ ___o_ o .. - . a .. c-~ .. 0..--D....o o.o....- --. ..o ... .o .... __ _ 

. 1 3 0 • 0 0 • 0 0 • 0 - c • 6 - 5 • 6 -:' 3 • 1 0 • 0 0 • 0 0 • 0. 0 • 0 ·- 0 • 0 ' . 0 • 0 0 • u 0 • 0 
74 o.o 5.84 s ... a4 -1.1 -s.t -3.6 o.o o.a . o.o o. n o.o · c.o c; ... c . 0 .. 0 75 0.0 11.41 11.~3 0.6 -3.S -:'1.7 0.0 0.2 0.0 O.f1 0.0 0.0 · 0.0 0.0 

____ J6 ____ _ o .. o --1-27 _ _ 1.2 1 --=1.1 .... =14. 4 ... --=8 .1 - O. o ----- -0 •• ;..._--- ------0. o. __ __f) • .O--- o.O--n....Q.._ ____ a ... .0----0-. 0---
·11 8.89 1.27 10.lt 1.1-10.6 -4.4 8.890 0.6 •)n .. 9.490 0.235 0.0 · 0.002 o.o o.rJ 
7 8 · 9 • 6 5 0 • 0 . · 9 • 6·5 · 3 • 9 0 • 6 ·· 2 • 2 9 • 6 52 2 • <J 1t 5 1 2 • 5 97 · 3 • 1 9 8 . 0 • 0 · 0 ~ 0 2 2 . 0 • 0 0 ~ 0 
79 o • o o • o · -o • o · \ 2. a - 1 • 1 .. : o .. 6 o • o · 1 • 1 '+ 2 1 • 1'• 2 2 • 1 c1 6 ·. o • o o • o 1 6 o • o · o • o _ _ sa._ _ _ o .. o _ __ o. o .. __ . o .• o __ c. 6 _ :=.3. ~--==-1·'• _o....n --O. 0------ .J. o.--- l • .t ~1 0----0 •. O.----o .•. OJH--n._o..__.o ... o. __ _ 
at 2 .. 54 3.30 . 5.84 0.6 -1.1 -0.6 2.540 o.o . 2.540 o.o?A o.o o.oo?. o.o . o.n 

- a2 o.o o.st . o.51 . 2.8 -1..1 . o.6 o.o 1. 1+:+2 . . 1'.~42 0.695 o.o o.ooz o.o . 
0

•
0 . 83 2.54 0.0 2.54 5.6 -0.~ 2.5 2 .• 540 4.6T'l . 7. ~ 1rJ_j.6A9 0.0 0.370 O.C 0.3c)l _....a _4 __ _o. o _ _ o .. o _ _ __o. c --2 .. a --·=-1 ..... 1 .-~o .13 -D. o_· ---1 • . 1.5 1--1 • ...1.5. .. 1 . .. 2 o.:z.__o .... O--.o. o t.l---O .. ..0-- ----D-.. 
0 

____ _ 
e5 · o.o o.o o.o ~.6 o.~ 3.1 o.o · , . 4.213~ 4.2?8 · 1.928 o.o · o.ooq o.o - . o.o 
€6 o.o . o.o o.o 1.1 -3.«; -1.4 o.o 0.024 0.024 1.900 o.o 0.009 o.o o.o . 

. . 87 o.o o .. o o.o . c.o ~11.1 -5.8 o.o o.o - 0.!) .. 1.1 8 1) o.o 0.004 ·. o.o . ' o.o . ___a _a ___ o.__a __ o. o___o.o --=-~ .. A . ..=.L4.~9-... 4._o • .o o • .o _____ ___o.Q_ __ _:_o ... v~ 1 o .• o~-0-0-2-e. __ o ____ 
0

_ r) __ _ 

89 o.o-· 4.51 · 4.57 -6.1 -12.2 -9.2 o.o o.o o.o o.si 1 o.o o.oo1 · o.o o.o 
- qo o.o 1.21 .1.21 -4."4 -a.c; -6.7 o.o o.o o.o o.Jse o.o o.oo1 o.o o.o 

91 o.o o.o . o.o -2.8 -8.3 -5.6 o.o o.o IJ.O· · o.26o o.o · o.ooo o.o ·. o.n 
__ 92 o .. Q . _ _ o.o___o.Q ____ l.1 - . .:-.3 .. .S ---- l. .• .lt-0 • . 0----0.024-- ---D.02-4--.0...-l-7.}._0 .. 0--0 .. -G.Gi}-0 -.. G---O.-Cl--

93 0.0 0.0 · 0.0 2.8 -5.6 -1.4 0.0 0.75') 0.750 O.l?B 0.0 0.000 · o.c o a 
94 0.0 0.0 0.0 C.6 -13 .. 3 -6.4 · 0.0 O.Q 0.0 0.093 0.0 · O.OJO 0.0 . o:o 
95 0.0 0.0 . 0.0 :...1.2 -12.e -10.0 o.o 0.0 O.O 0.035 0.0 . o.o 0.0 · . - o.o 

-96. ___ a_Q _ _3.8L-3.B1-=5 • . 6 .. =10.c __ ~.a-O.O---O-.... t.'L---·--o • ..o .... _ o_aol----O .. o---·- ·o..c. . 0...-0---o .. n _ _ 
97 . o.o 2.o3 2.03 -t.l -6.1 -3.6 o.o o.o _ o.o o.o o.o o.r. o.o o.n 
f18 o.o o.o o.o 4.4 -2.2 . 1.1 . o.a 2.7j4 2.734 o.Z68 o.o o.oot o.o . o.o 
99 . 1.27 1.27 . 2.54 2.2 -3.3 -0.6 1.270 0.566 1.836 0.625 0.(). 0.0!):.? - o.o . . o.o 

---10 c.__ __ o. o ___ J. 54-~ • .5'•--2 .. 2 ----""'.s. c. --=- 1. 4 ... n • .o ... ______ .0.-5o.t-- - --0. so t --1) .. 19('}--o .O-------:--Cl .... -O.Ql---0-.-0-----0 .. o.. _ . 
101 .o.o o.o . o.o 2.2 -3.3 -0.6 o.o 0 .. 595_ o.SQS o.244 -o.o · o.con o.o o.a 
1 o 2 o • o o • o . ,- o • o . - 1. 1 - s • c . ;- 3 ... 3 o. o . ·· o • 0 o • o " o • 1 a 8 . o • o . o • o o a . 0 • 0 , · 0 • 0 103 o.o o.o _:. o.o • 2.8 -3.3 . -0.3 o.o . . o.a7~ - 0.871 ", 0.151 o.o · o.ono · .. o.o . · o.o 

__:___!OA o.o __ o.o ___ ..o •. o ----=1-.. 7-~.8.9 __ =.5 .. 3 _o. fL--=--O .. O- -:·- -- .. O.O-.----Q....-11 f:--0.-1-2-1-0 • . oo~.-o.'lc __ 
105 o.o 10.16 ' 10.16 -3.9-12.2 -8.1 o.o . o.o . ').{) 0.051 . 0.127 o.ooo o.o . o.ooo 
106 o.o . o.o . o.o -2.2-11.1 .-6.7 o.o ·' . o.o . . . o.o 0.007 . 0.1?7. o.o o.o , 0 010 

. 107 o.o o.o o.o . 2.2 · -2.9 ·-o.3 o.o . o.aoo . o.soo o.ozo 0.111 o.ooo . o.o . o:o'Jo 
-~c a__ ... ....o. o .. ____o .. o ____ o..o -.---2. 8 __ ...,:1-. -1 .. --0-• .B - -o •. n-----·-l-.t-9.5---- 1.-t~. c:; --0--.-0-&2---0--l-2-+--()....!)..t:)O- -o,.G----.o .. wO-:-
- t09 o.o o.o ·-o.o 2.2 -2.e ~o.3 o.o c.671 J.671 o.o96 0.121 · o.ooo o.o o 

000 
· 

110 4.83 3.05 1.a1 2.2 -3.3 -o.6 4.9u.~ 1.332 6.Ise 1.259 0.118 .0.145. o.o o:
138 . ' 
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CAllY SUMMARY OF RUNOFF A~C E~OSION FGR YEAR 1~72 . 
. PRECIPITATtON(MM) TEMPERAlUFEl'C)AVAilABLE MQI~TURE[MM) RUNDFF{MM) · . SOIL LDSS{TON~ ) 

OAV RAIN SN.{J'rl TOTAL fi'AX MIN AVG RAIN SNC\1 TCTfll SP.~Ul · OBSER STMULl . CS StR ~~ ~L'L 2 -=-t-t-l-~-~ .. 4-2--0.{}_-9.,..-4~---3 .. q --t -.7--2-.8 ---9 .. 4-l~---4.Q47--l-4 .. 36!l---4-.-8-1.2--4-.-2-l-6--h-0 66- --9. +8-5--I 0 '>5--
ll 2 2 4 • o 1 o. o ·2 4 • o 1 . s • o 2 • 2 3 • 6 2 4 .. o ! 2 1 • 6 3 s . 3 1 • 1 o 1 · 16 • 1 1 1 3 1 • 3 3 s a • 3 s 9 a • t s 

3 8 
: 

6 2 6 
-

.113 5.84 o.o 5.84 3.g 1.7 , 2.8 5.8-.2 3.772 . 9.614 13.643 ' 28.448 0.420 1.624 0.6t5 
114 o.o . 3.81 I 3.81· 3.3 -1.1 1.1 o.o 1.511 1.511 8.824 7.671 O.OAO 0.062 0.0 5 4 

--ll 5 0. ~ .. -5 4--2. 54-- - o .. 6 --~ 5 .. C---- 2 .... 8----0.-0---0 ... 0- o. 0----4~ 4-Q 8 4 • 4'8~(rl..t --o 0-2-2--- C- -0 2 5--
, 116 o.o · o.o o.c -1.1 -5.6 -3.6 o.o o.o - o .. o - 1.993 2.515 o.-o1o · o:o 

0
:

011 117 o.o o.o o.o -1~1 -10.6 -5.8 o.o o.o • 0.0 . 1.21~ 1.676 . 0.005 o.c 0.006 
11 8 0 • 0 3 • 8 1 . 3 • 8 t - l 0 • 6 - 1 5 • 6 - 1 3 • 1 0. 0 0 • 0 - . 0. 0 0 • 7 8 _:) 0 • 9 1 / t 0 • 0 0 2 . 0 • 0 . . 0 • 0 .J 2 

-l-1--~---0.-0--3 .. 05--J~0-5-----S . -9- - -l -5-.-6---!2 .. -2- _/.} .. 0 .0-. -0 ---~ .-0- ----0-.. ~ 2-o-.-&l 0 0. G-tH - --Q-..{'}---- -G-..-00 l-
120 o.o o.o . o.o .-<;.4 -21.1-15.3 o.o . o.o ' o.c 0.404 0.406 0.001 o.o . 0 001 
121 o.o o.o o.o -S.6 -17·.2 -lt.4 _o.o o.o o.o - 0.2R4 . o.33o o.ooo . o.o o:oiJo 
122 .. 0.0 0.0 0.0 -3.3 -10.(: -6.9 0 .• 0 · 0.0 O.o O.l B6 0.30'5 0.000 0.0 O.O ,)Q 

- - 12-3---0. o---O. 0--0--..-0--- ~. 6 - - -t 5. C-- -1 c.. J----G...-0---~.-0- ----o.o ·----0 . -l nB ---o-.-l--1-1 --()-•. oo O-----O .. {}. - o.-Mo-
12 4 . o. o o. o o. a -:-to. o - 2 2 • e -16 • 4 o. o - o. o . o. o . • o • o '· 1 o • 1 21 . o. o 

0 
• 

0 0
• 

0 
'J 

0 125 o.o o.o o.o -8.3 -18.3 -13.3 o.o o.o o.o . 0.005 0.102 . o.o o.o 0 n n o 
· 126 · o.o o.o o.o -3.9-11.1 -7.5 o.o o.o o.o o.o . o.o76 ·o.o o.c • . 6:~ 

--12-l.----0. 0 ... -2.1.9-2 - -7-g--~--l. -1-- .- -,.,..-3. ~ ----2. 8 -----0. -0--- --0 ...0-------:---G ... ~----0-. 0- - -· - - 0 .-0-~-l----0 -...+'--0 .. 0 ------0 .. a.--- -
128 o.o 4.57 4.57 c.o -6.1 -3.1 o.o o.o o.o o.o . o.o o.o 0 0 . 0 0 . 
129 3.30 1.02 4.32 t.l -1.1 -o.o 3.302 0.085 3.38? 0.430 · · 0.0 . 0.(101 o:o . o"o 
130 o.o o.o o.o · s.o 0.6 2.a o.o 4.or;z 4.f'l~.? o.89'5 o.o . o.oo3 

0 0 
.· · 

0
·.:.. 

-IJ -l----'--C~o--a.o--:(),.0--3-• ..J-----l - .-1- ·-- ~ -.a-o. -o--:---l.-53«>---- -J. -•. s3S ---l-.-0-'+2-o-.O--{}. f) o4- - ----{J..:G--__ 
0

: 0 _ _ _ 
13 2 0 • 0 0 • 0 0 • 0 . 3 • 3 - 4. 4 - 0 • 6 0 • 0 . 1 • 6 0 C) ·.• . . l • 6 0 9 : 0 • 7 2 9 0 • 0 . . . 0 • 0 0 2 . . 0 • 0 0 • 0 
13 ~ . o. o o. o .· .. o. o 3 • 1 - 2 • e . o • 3 · o. o 1 • f3 6 1 . · 1 • 8 6 1 o • 6 1t 1 . o • o o • o o 2 _ 

0 
• 

0 
. · . 

0 
• 

0
· 

134 · 3.81 , 0.0 .. · 3.81 ·. 1.7 -1.1 ·. 0.3 3.810 0.7lCJ · . 4.5zq 1.230 · 0.0 . 0.005 0.0 . O.OlJO 
- - 13 5--- 5..-08- ·- t-• . 27--6.-35~.-9--1.1--2 -.5--5. 080--:--3 .. -4 °~-1----8 . 4 8l--2-.....-5l---3---.G.-1-M>.--O-r!l-~.-:'l.-G......{'J---_~ ... n.o l- ---

116 . 8.25 . 1.90 10.16 2.8 -2.2 0.3 8.2 5 5 1.278 . 9 .~~3 5.555 7.1H~ O. RRB 0.0 C.b ~ S 
13 1 6 • .3 s 0 • 0 6 ., 3 5 c. 6 - 3 • 9 - 1 • 1 6 • 3 5 0 0 • 0 . ' 6 • --' _, f) 4 • ,g 7 1 3 • 2 7 7 0 • 0 3 5 0 • 0 . 0 c 1 6 
138 . 5.os o.o 5.oe 4.4 c.c 2.2 5.~§0 3~lln 8.1~0 7.C~5 · 9.474 · 0.497 0.4

91 
n:~j 2 -13.?--- 3• 56--2.2<) ---5. 84 --~• 1----~- t. 7 - -2-• -5-- 3 . .. :J?6--5-.. - 3~5---S.IJ .. ~ --:- -6-.-F--~--29 .. -? U&-:........o..0 -5-5-----W -... -l.f.~-4-------0 ... .. ; .,...._:

1 
__ _ _ 

140 : . 5.72 _7.62 13.34 1.7 -1.1 0~3 5.720 0.932 .... 6.65 , · 6.6A7 3.4RO . 0.0~4 o.os
4 

o. ~ le 
141 . 2.54 o.o . 2.54 <;.4 1.1 _5.6 2.540 12.668 · 15.29.3 8.14't 14.402 0 .323 . 1.08 4 (~. 3 :31 
H2 0.0 0.0 0.0 ·10.0 3.<; · 6 •. 9 0.0 . 13.955 ·. l3.o _, 5 10.514 4.~7~ O.Z b l o.oc

9
. O.l'lS 

_.__1~. 3.... ___ ..Q._1) ___ ..Q • . Q __ ___o,. 0 __ _ 4.4 ___ ...,..1. 1--1-.4- 0. 0- - -3 • . 1-36-- ... 3 .• 136 -- 1-1)_.,? .. 1 "- ----2 •. .c. :Z£---O .. O..r.L8 __ 0 .. -0-_· - -0 !') 

14 
. 

1~4 0.0 0.0 0.0 5.6 -1.1 _ 2.2 0.0 4.489 · 4.48'1 6.471 1.95A 0.0 5 1 0.0 o:ono --
1~5 o.o o.o o.c . 5.6 -1.1 . 2.2 o.o 4.489 ~.4 8 <') . 4.848 2.769 0.034 o.o . 0 013 
t 4 6 - o.o o.o · o.o 3.3 -~.1 1.1 o.o · _ 2.055 2.nss 3.854 1.9~1 o.o2s o.o . o:oae 

--1.4.1. o. 0-.--0 .. o - ----O.o----~· 9-""'-""'-"'•6 -t---1- -o. 0-- --2-... :J-7-0-·- -- z. 1zo - -z .-7lb--t-.-1-5 ~ -{}.J+t -~ G-:.---o .. o.a.
1
_ 

148 o.o o.o o.o 4.4 -o.e __ 1.9 o.o _l 3.269 3.2 ,.q 2.3o6 o.CJ14 o.otz 
0

•
0 

. 
0

•
0

,.
17 149 4.06 0.0 . 4.06 1.1 -l.t . . _.0.3 4.0o• 0.00?. . 4.86f> 2.63.t1 O.h35 O.O!R 0.0 - o.o o s 

· 150 · 20.32 0.0 20.32 1C.6 1.1 1 · : 5.8 20.320 9.409 : 29.7?.9 l5.65R 15.469 6.790 4.136 , 6.
6 8

6 
-15-1- - - 0.0 -.-0-0---0 .. 0 -12.8---- 5 .. ~8 ... 9 --- 0.-0--. -_ -5. -1~~-5 ... 1~~ -.s-... 4-4-9---S--.--1'-l-5-~75 0.-r-564~.-G-30--

15 2 0. 0 0. 0 0. 0 5. 6 - 1. 1 . 1 • 9 0. 0 1 • 2 2 5 . 1 .• 2 • __ ) . 9 • 2 8 6 . 2 • 6 6 7 0 • 0 4 9 0 • 1 3 1 / . 0 • 0 12 
153 · 5.33 2.54 7.87 c.6 -z.e -1.1 5.334 o.o 5.334 4.285 o.rJ6o o.o29 

0
•

0 0 
on? .. 

154 5.84 14 .. 48 20.32 c.6 -0.6 _-o.o 5.8'•2 . o.o · . s.n~2 s.112 3.073 1.2o9 o.c 
1
:d

36 _ _ 15 5----0. o --O-o --O. o ----1. 7----6..-l-- -.z .. 2 -..o. O--:--o ..... ;n-4---'---f) . 2 _. 6 ---3. -7-74--- --2. 9-4&--0-. n
2
4---0. 

0 
__ . _ 

0
• 

0 14
_ 

1 56 4.06 o.o · 4.06 ~.o -4.4 . 0 • .3 4.064 ~-405 : . 8.469 , 2.577 . 1.753 o.o21 o •. o .. 
0

•
014 15 1 10.41 o.o 10.-41 7.8 o.6 . 4.2 10.414. 1.012 .. 1l.·'!86 . 9.603 11.430 l.Azo 

0
•

8
e

4
. · 

1
•

8
?

5 15 8 . o.o 2.29 - ·2.2q 1.2 -3.3 1.9 o.o . · 5.566 :~.56A e. tao 32.309 o.o1
4 3

•
977

. 
0

•
412 - -.1 5 9---0.0 ----0.0.--0 .. 0--4.4-~3---3--0 .. 6--0 •. I) ___ l-.-ts2-·-l.-l82 --5- -.6-52--2-.2-3-5-0-.~L...:..-o ... o . · 

0 
.... 

009
_ 16 o 0.0 0.0 0.0 10.6 1.7 6.t 0.0 4.5~0 . _4.570 -· 3 .. 2Jlt 1.~70 O.Ot9 O.O o.on

4 161 o.o o.o . o.o 15.6 . 1.2 11.4. o.o 1.24..7 . ~ 1.22"! 3.021 . ' 0.7ll 0.017 o.o 0.002 
16 2 0 • 0 0. 0 . 0 • 0 . 12. 8 4. It 8 • 6 0 • 0 0 • 0 . ' 0. 0 2 " 1 3 't . 0 • 6 1 0 0 • 0 l 1 0 • 0 . 0 • 0 0 l 

--143---4. -51-- - 0e0 ----4-.S1-ll.- l--2-.f- -~ .. -9--4.-572---{}.0-----4.- 5-72 --2-. -l~5--.J.-.- l43--(h+} .t}.. --0-..0-~-l-l2-
l64 - 9.65 0.0 9~65 7.8 . 5.C 6.4 9.652 0.0 .. . 9.65?. 3.373 2.769 0.258 0.017 , 

0
•

2
,.

9 165 25.15 o.o 25_.15 13.9 . _4.4 . 9.2 25~146 o.o . 25.146 13.390 .14.529 35. 756 ' 8.298 35.714 



0'\ 
lJl 

CAllY SUMMARY OF RUNOFF AND EPOSION FCR YEAR 1972 . . . . 
PRECIPITATIONP1M) , · TEMPERAlUREl'C t AVAilABLE MCI STUREIMMf RU~OFF(MM) :' SfHLLOSS{ TONS) 

OAY RAIN SNOW TOTAl MAX HfN . AVG RAIN . SNOW · TOTI\l StMl!l . · OBSfR . .. SfMUll OBSER SH1lll.2 . 
1 .66 __ _ o_ .. a_o ... o ___ ~.o..__-to-1L:._1 ... L--S.h-_o..!L---O--O · o.o 1 04.5..---4-.-l40--.0..~9 a.o o....o~ 
161 o.o o.o o.o 13.9 1.1 7.8 a.o o.o · o.o 2.319 .1.A54 0.012 o.o o.oo1 
168 0.0 0.0 0.0 17.8 . 7.S l2.8 0.0 0.0 . : 0.0 : O.A99 1.143 0.0()3 0.0 0.003 
169 . o.o o.o o.o 18.3 5.0 11.7 o.o o.o _. o.o . . 1.4~5 0.584 - 0.006 o.o 0.001 _ 11.0 _ _:_.13. 9_I._O •. O _ _l3_. . .9_2__9 .. .!t __ ~_ .. A__6;.9 __ 13._9...7_Q__ __ Q .. Q ____ ll._9J_0--6 ... 5 .0.5.--. -3 ... 51ll--9-.3.10 0--0--- - 9-.ZU-
l .ll o.o o.o o.o 1.2 2.e ·- s.o o.o o·.o. o.o . 3.734 1.295 . o.o24 . o.o · o.oo4 
112 . o.o o.o o .. o 11.1 o.t . 5.8 o.o o.o , . o.o · 1.479 o.787 ' o.oo6 o.o o.oo2 
173 . o.o o.o . o.o 13~3 . 6.1 9.7 . o.o . ·0.0 . . o.o . 0.82 1t 0.508 ' 0.0()3 o.o 0.001 

. _17_4_ ____ 3 • . 05_ 0 ... 0~_3. Q.£.__16 ... L_4.._ft_l0 ... 6.- .3 ... M.B..- 0 .. o 3 • . 04.8--I) ... P.IL7---,---0 .. -S-!.>-9-0-..-{)..63-_..o.._o _ ____ . o. Of> l-
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188 5.33 o.o 5.33 12.e 6.1 9.4 5.~34 o.o ~-334 0.}43 0.051 o.1n~ . o.o 0.1~5 
189 2.79 o.o 2.79 10.0 o.c . 5.0 2 •. 94 o.o . .:....794 0.375 0.076 0.078 ' . o.o 0.011 

___ t90 __ _ . _ _ o. o __ o .. a. ____ o .. o _ _ 6.1_ 0.!L_3.l ____ o •. o ____ o .. .a. __ ____n_o ____ _ ...o .... -2.2L---0 ... 1l5.-l--D .... oQ..O__n .. .{l .o ... ~---
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192 o.o o.o · o.o . 6.1 -3.3 1.4 o.o o .. o ~ J.o o.o26 · o.o o.o o.o o .. a 
193 o.o o.o o .. o <1.4 -o.6 4.4 o.o · o .. o 'J.o o.ono o.o n.o o.o n.o 
~ 9 4 ___ __ _ 3. 81_ o. o ___ .:_ __ 3. at__s. o __ o. 6 _____ 2.. a.___] .... J:J~.a_ ___ o. o ___ .J.. a1..o..._...o...LD-~. o o ... 0-.2-4---fL..U.--.. --.O--V-l-l--
195 l.S2 2.29 3.81 5.0 . -1.1 1.9 1.5 1. 4 2.286 ·. 3.810 0.871 0.102 0.056 -0.0 O.O'i3 
1 q 6 o. o o. o o. o · 4. 4 - 2. a o. 8 · a. o · o. o J. o o. 6 51 _... o. o . -o. o o 2 .. ' o. o o. o · 
1q7 o.o o.o o.o . a.J · 0.6 4.4 . o.o · · o.o · J.O ·. · o.?.sa o.o . o.ooo . o.o· o.o 
19 e ______ o ._o _ _ o_ .. o ____ o .. . o_· __ a. 3_ · __ 3_. _3__.S •. a. ___ o.. ~--o. o.. ___ · _ _ __ ~. __ o_ _____ a • ..t.4.1__ _ _ o.o._o_ .. oo.o._:..._o.. o o • .o __ _ 

- l99. o.o o.z5 o.-25 4.~. -2.2 1.1 o.o -o.o - :J.o o.o1a 0.102 o.ooo o.o o.o11o 
200 o.o 2.54 2.54 3.9 -2.8 0.6 o.o 2.072 · 2.072 0.023 o.o o.o 0.() o.o 
2Jl o.o o.o o.o . 6.7 -3.9 1.4 o.o 0.722 J.722 o.o . o.o o.o o.o o.o 
20 2 _______ o. o ____ o_. o _ __ o. Q ___ _ tc.6_""'- -=- 2. e._ ____ .J. g _ _ o. __ o._ _____ o .. o _ __ _o. .. o__ __ _ o.o---O •. .o--0. 0 --- - 0...-C-----. o. • .o--
21 3 3 • o 5 o • o 3 • o 5 11. 1 o • 6 6 • 1 3. o 4 a o • o 3 • o 1t 3 n • n o • o o . n · p • o 0 • 0 204 o.o o .. 25 o.2s 7.8 · -1.1 3.1 o.o o.z54 0.25'' · o.n o.o o.o o.o o.o 
205 0.0 0.0 0.0 1.8 -3 .. 9 1.9 0 .. 0 0.0 .J.O ').'1 . 0.0 fJ.O 0.0 0.0 

.. 206 ."- --- -· o.o ___ o.o....:.. __ o.o __ .l8._9 ____ 2.e ____ lo .. s ____ o.rL __ - _o .. o .. __ ___ __ _ :).n_ · _ _ l).Q---- - 0-0 . o.o o .. o .. o ... .n.__. 
201 0.0 0.0 0.0 14.4 3.3 8.9 0.0 0.0 J.O O.L. 0.0 0.0 0.0 0.0 
2::>8 o.o o.o o.o e.q o.o · 4.4 o.o o.o o.o n.0 o.o o.o o.o o.o 
209 o.o o.o o.o 13.9 -1.1 6.1 o.o o.o o.o o.o o.o 0.1) o.o o.o . 
21 o ____ o. o _ _ o. o ___ o. o ____ 2L • . L_ s. 6 1 3 6 ___ ..o_...a. __ .o_1)_ __ . --~ .. O-.o .• O-------!}-..()__ _ _ Q ... 0----0--n.----~ 
211 o.o o.o o.o 12.2 .-0.6 5.8 o.o o.o o.o o.n o.o . o.o o.o o.o 
2 l 2 0 • 0 0. 0 . () • 0 l: • 7 ·- 4 • 4 1 • 1 0 • 0 0 • 0 () • 0 () • 0 0 • 0 . 0 • o- 0 • 0 . 0 • 0 -
213 . .. o.o o.o · o.o c;.4 -s.o · 2.2 o.o o.o o.n o.o · · o.o. o.o o.o · · o.o . 214 _____ _ o. o: __ o. o_~ __ o • o --- ~ 1!;. 0--=:: 2. e_ __ 6. l ____ o ._a o ... o _____ _ a. o ___ _ o .~---D. o-~-0-.{)__ _ ___()_. a..__ - -D • ..(L_ 
215 o.o o.o o.o 11.2 5.6 11.4 o.o o.o 0.0 a.o · o.o · o.o o.o o.o 
216 o.o o.o o.o 20.6 2.8 11.7 o.o o.o o.o o.o o.o o.o o.o o.o 
211 o.o o.o o.o 21.1 3.9 12.5 o.o o.o . · n.o o.o · . . o.o . o.o o.o o.o . 218 _______ _ o.o ___ o.o ___ o.c ____ .20.0 _ 4._4___12.2._0 .. ll_ _ _ o •. ~-O...Q ___ !)_. a -O.Q _ __ ...,..o __ o o.o -D .. ~ 
219 o.o o.o o.o t<i.4 a.c; · 14.2 o.o o.o a.o · o.o · o.o .. o.o · o.o· · o.o · 
220 o.o o.o o.o 13.3 1.2 10.3 o.o o.o · o.0 o.o o.o _·. o.o o.o o.o 

----------- ----- ~ - --



(SWE) remaining on the ground at the end of day 114. Therefore, there 
could be more moisture input from snowmelt. 

b) Days 138-148 (February 15 - February 25) 
This simulation is not good because of the less than expected runoff 

from snowmelt and possible frozen ground event (Table 17). It might be 

improved if actual temperature distributions of the days were used instead 
of the estimated values computed as sine function of maximum and minimum 
temperatures and their normal occurring times of a day (0400 h for minimum 

temperature and 1500 h for maximum temperature were used for this study). 
Figure 15 shows that the estimated temperatures are usually low during 
critical times, decreasing snowmelt. The simulated temperature at a break
point time in a day is used to determine snow-rain form and snowmelt 

event. The simulation of the days 142-148 could be much improved if no or 

little snow remained on the ground, i.e., faster snowmelt before this 
period. 

c) Day 150 - 158 (February 27 - March 6) 
Simulation of stream flow and soil loss during this period is moderately 

accurate. Later in the period (days 157, 158) both observed runoff and 

erosion are higher than simulated. This is probably due to the temperature 
(Figure 16) again as anything else. More runoff from the rain of days 156 
and 157 would give better erosion simulation. The cumulative degree-day 
method used in the snowmelt simulation gives less snowmelt during a warm 
period followed by a cold period than a continuous warm period. This is 
well explained with the results on the 6th of March (Figure 16). However, 
two more conditions could be -added to this situation. One is that the 
simulated rainfall should be snowfall as indicated in the recorded tempera
tures: 

1) the precipitation started at 1900 h on March 1st and ended at 0700 h 

on the next day. The actual temperature distribution was below freezing 

between 1800 h on March 1st and 0500 h on March 2nd, 2) the precipitation 

occurred between 0700 h on March 4th and 0600 h on March 5th. As shown 

in the Figure 16 the recorded temperature during the period was partly below 
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Figure 15. Simulated (dashed line) and observed (solid line) 
temperature distributions of the days on February, 1972 
for the Thompson Watershed. 
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for the Thompson Watershed. 

68 



freezing temperature. But the precipitation was simulated only as rainfall. 
Another is that the possible high soil moisture and well below freezing 
temperatures at night during the period could result in a frozen ground 

surface. The differences of simulated and observed temperature distribution 

could explain some other bad erosion simula t ions. Another problem is that 
temperature is measured in a shelter while the ground surface and upper air 

temperatures are unknown. 

d) Day 165 (March 13) 
The stream flow simulation was relatively accurate, but the estimated 

soil loss was too high. There were only 0.16 tons of simulated channel 
erosion. Therefore, most of the soil loss was simulated as rill and inter

rill erosion by overland flow. As compared with the result of day 150, it 

suggests that either rill or interrill erosion simulation was incorrect. 

2. Pitzen Watershed 
This watershed has a large amount of recorded data. Three water years 

(1938, 1939, and 1940) were chosen to test the model. These years had three 
different types of weather and hydrology. Because there was not a complete 
set of recorded soil loss data in water year 1938, 1939 was used to cali

brate and optimize the parameters. The 1939 water year was dry but there 
was good evidence of snowmelt events and their effect on runoff and soil 

erosion. There were no record~d temperature distribution data for this 
watershed. Table 18 shows the overland flow, upland soil erosion and de
position and cascading for each zone of the test years. 

1) Water Year 1938 (Table 19) 
It was not possible to reduce the high simulated stream flow in the 

early months (between days 70 to 100 in Table 19), even with the lowest soil 
moisture of each zone (the lowest soil moistures of each zone obtained in 

1939 were used as the initial data for this year). As shown in other tests 

the initial soil moistures obtained from previous year•s result do not seem 

to be correct, in all cases they are higher than expected. There are no 

recorded soil loss data available before February, 1938, during which high 

precipitation and low observed but high simulated stream flow are shown. 
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YEAR 
FP-.OM 

Q0-1) RlLLS 

FROM 
INTE
RILL 

FnOH '}:/ -~~TOTAL TOTAL 
UPPER .-:>/ FROM CHAN- SOIL 
ZOi'Jl: BALANC~E~ UPLAND NEL LOSS 

1938 i\!ar 2 I 
II 

III 
IV 

0.06 
0.37 
0 . 0 
1.49 

0.23 0 .79 0.0 
1 . 68 4 ,95 0.71 
0.49 0.0 0.64 
2.65 7. 25 6 . 77 

. -j ~---··· 

-1.0 ... 
-5.9/ 

0.15 
-3.13 9.92 

I 

1.07 11.00 1 
Mar 18 I 

II 
III 

IV 

0.01 
1. 07 
0.0 
1. 30 

0,18 0 .0 0.0 -0,18 
8.87 7 . 79 0 . 12 -16.541 
1 . 73 0,0 0.89 -0.8 4 
6.25 4.74 17.48 6.4R 

0 .0 0.0 0.0 0~0 
0.0 0.0 0,0 0,0 
0.0 0.0 0.0 0,0 

lJ . OR 0.70 11.. 78 
Mar 19. I 

II 
III 

IV 

o.o 
0,0 
0.0 
0.0 0;0 0.0 0.0 0.0 ' 0.0 0.87 0.87 

Mar 2? ~I~--=o-.~o-----o-. -15--~0~.~o----~o-.o~----~0-.. ~1~5~--------------------

II 0.0 0 .37 0,0 0.10 -0.2Z 
III .- 0.0 2 . 09 0.0 0,06 -2 .03 

IV 0.0 1.15 0,0 2.33 1.18 1.27 0.50 1.76 
r-y , 20 2.96 2.41 0.0 -5 . ~7 

4.61 17.80 15.65 3.76 -29.69 
III 0 . 0 2.70 0,0 3, 28 0.~8~ 

IV 13,57 70.55 88.58 34. 34 - 124.79 
t------i--1 ---t------1--------------------+--~-=-~. 2 7 2. 26 16!.~~ 

l1· I 0.0 0,0 0.0 0.0 0.0 
II 0.0 0.0 0.0 0,0 0 , 0 

1939 Mar 

III 0 .0 0.0 0.0 0,0 0.0 

L 
I IV 0.0 0.0 0,0 0.0 0,0 0.0 1. 41 1.41 I 

~~-1a_r __ l~S~-I-4 __ 8_._7_0--~8-.~76~-l-5~.~8-3----0-.--o--·--_-2-4-. 59r--------------------

II 1 . 94 7 .10 16.56 17 . 22 -6 . 44! 
III 0.0 0,0 0,0 8 , 56 ~·~~i 

IV 1. 28 3.88 9, 64 ___ 2_2_._4_7 __ ~13 . 53 ___ 3_. 5_9 __ l _l __ . _l_2 __ 

1/ Amount of overland flow ·La a day in mm. 
2! Pit zen Watershed was divided such t 1-:.at, seventy percent of eroded 

soil particles from Zone I cascades to Zone II and rest t o Zone III, 
five percent from Zone II to Zone III and ninety- five percent to 
alluvium and ninety-five percent from Zone III to alluviwn and rest 
to channel. 

3/ Negative value shows erosion and pos i tive for deposition . 

Table 18. ;Simulated output of overland flow and soil loss on watershed zones 
for selected days for the Pitzen Watershed in water years 1938, 
1939 and 1940 - Soil loss in tons 
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FROM FROM TOTAL TOTAL 
FROM INTE- UPPER FRO~ I CH.l\N- SOIL 

YEAR DAY ZONE QO RILLS RILL ZONE BAL!\.1\JCE UPLAND NEL LOSS 
.. --Mar 20 I 0.0 0.0 0.0 a·. o 0.0 

II 0.0 0.0 0.0 0.0 0.0 
trii 0.0 0.0 0.0 0.0 0,0 

IV 24.71 9.59 14,98 0,0 -24 ,. 57 
24 .57 9.55 34.12 I I 

. ~'lar 21 I 0.0 0.0 0.0 . 0. 0 0.0 I 
II 0,0 0.0 0,0 0,0 o. o I 

III 8.35 41.02 30,91 0.0 ..-71,93 
IV 12.03 20.44 37,01 68,33 10.87 

61.05 9.31 70.36 
Mar 22 I 0.0 0,0 0.0 0,0 0.0 

II 0.0 0.0 0.0 0.0 0.0 
trir 0.51 8.06 4.75 0.0 -12.81 

IV 5.10 4.69 4.89 12.17 2,59 
10.22 8.64 18,86 

Mar 23 I 0.0 0.0 0,0 0.0 o.o 
II 0,0 0.0 0.0 0.0 0,0 

lii 0.0 0.0 0.0 0.0 o.o 
IV 0.0 1.25 0.1 . _0 . 0 -1.25 1.25 4. 31 ' s_. 56 ----- -

-12,981 
- · 

~ 

1940 Feb 6 I 11.32 2.28 10.70 o.o 
II 21.74 11.36 59.57 9,09 -6l.t III 7.56 8.88 31,55 7.44 ·-32. 99 
IV 88.60 27.41 127.29 105.79 - 48 · 92 156.72 17.34 174.06 

Feb 25 I 0.36 0.48 1.75 0.0 -2.23 
II 1. 09 2.86 9.97 1,56 -11,27 

ttii 0.0 0.61 0.0 1. 31 . 0,70 
IV 0.27 2.13 2,58 12.77 8,06 

4.74 2.04 6.81 
Feb 26 I 0 .0 0.01 0.0 0.0 -0.01 

II 0.0 0.07 0,0 0.01 -0.07 
III 0.0 0.35 0,0 0.01 ·· 0, 35 

IV 0.0 0.45 0 . 0 0,41 -0.04 0.47 2.63 3.10 
Feb 27 I 0.0 0.01 0.0 0.0 -0.01-

II 0.22 0.86 2.69 0.01 -3.54 
III 0.0 0.38 0.0 0.18 -0.20 

IV 0.0 0.73 0.0 3.74 3.01. 
0.74 2,42 3.17 -----

Feb 28 I 0.09 0.14 0.41 0.0 -0,55 

III 0.20 0.99 3.03 0.38 -3.64 
III 0.0 0.38 0.0 0.36 -0.011 

IVj 0.0 0.91 0.0 4.18 :L 27 0,93 2.61 3,54 
L---- i ---+-

Table 18. Ccontinuc) 
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FROM FROM TOTAL TOTAL 
FROM INTE- UPPER FROM GHAN- SOIL 

YEAR DAY ZONE QO RILLS RILL ZONE &ALANCE UPLAND NEL LOSS 

1940 Mar 2 I 0.46 0.57 1.91 0.0 -2.49 
II 3.14 3.50 10.22 1.74 -11.97 

III 0.0 0.24 0.0 1.43 1.19 
IV 6.41 13.28 38.85 13.26 -38.87 

52.14 3.70 55.84 

Mar 7 I 1. 79 0. 78 2.12 0.0 -2.90 
II 6.01 6.17 17.07 2.03 -21.20 

III 0.0 2.81 5.05 2.03 -5.82 
IV 15.50 19.39 48.75 29.53 -38.61 

68.53 3.49 72.02 

Mar 25 I 0.58 10.43 11.91 0.0 -22.34 
II 0.73 34.65 37.08 15.64 -56.09 

III 0.68 38.53 18.17 10.29 -46.41 
IV 0.82 10.16 6.67 122.01 105.19 

19.66 1.06 20.72 

Mar 26 I 0.0 0.26 0.0 0.0 -0.26 
II 0.0 0.76 0.0 0.18 -0.57 

III 0.0 0.95 0.0 0.12 -0.84 
IV 0.0 1. 79 0.0 1.62 -0.17 

1.84 0.95 2.79 

Mar 31 I 0.57 0.38 2.42 0.0 -2.80 
II 1.18 5.91 18.68 1.96 -22.63 

III 0.00 3.46 3.73 2.07 -5.13 
IV 0.00 2.70 0.02 30.20 27.49 

3.08 0.66 3.74 

Apr 1 I 0.0 0.00 0.0 0.0 -0.00 
II 0.10 0.05 0.0 0.0 -0.05 

III 0.0 0.72 0.00 0.0 -0.72 
IV 0.0 3.17 0.0 0.74 -2.43 

3.20 1.81 5.02 

Apr 8 I 0.0 0.01 0.0 0.0 -0.01 
II 0.0 0.08 0.0 0.01 -0.07 

III 0.0 0.38 0.0 0.01 -0.37 
IV 0.0 0.04 0.0 0.43 0.39 

0.06 0.18 0.24 

Apr 9 I 0.08 0.41 3.43 0.0 -3.84 
II 0.41 5.62 19.00 2.69 -21.94 

III 0.0 2.06 0.0 2.38 0.33 
IV 0.0 6.48 0.0 25.35 18.86 

6.59 0.94 7.53 

Table 18. (continue) 
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OAllY SUMMARY OF RUNOFF AND EROSION FO~ YEAR 1938 
........ ~ PRECIPITATlONlMM) TEMPER~TUREt•C)AVAILABL .E MOISTURE(MM) ~IJNOF.F(MMl • S()IL LOSS(TONS.a 

OAY RAIN SNOfol TOTAL MAX MHI ··· AVG RAIN SNOw TOTAl. SI~:Jl OeSER SIMI.Jll '. OoSER SIM~L2 
. 56 6.10 · 2_.54 · a.6't 9.4 1..!.1 .· 5_!_6 6....!_0.?9__2_!955 9.05J__Q_..ti>_~_o_._'J o.oo4 o.o o.no__ 

--51 o.o-o;o--o. o s.~. ;---r. ro. o o .a · o .o ·· o .o o. o , o. o o .o o. o 
58 13.97 o.o 13.97 8.3 -0.6 3.9 13.97) o.o 13.970 0.188 o.o 0.075 o.o o.ooo 
59 . 0.0 0.0 0.0 . 8.9 2.8 5.8 · 0.0 0.0 0.0 0.0 0.0 O.:J 0.0 0.0 
60 · Q_~_p __ o_!!._Q __ o_~o 4_~ _Lt-__:::l_O! 2 _ _ 1

1
_,_t__ . o ..... o ___ o_. o o_.Jt_ ...o_._o__ o._o___o I o o I a o. a 

_p 1 o.o - -o.o ___ __ o.~5.o -1.1 .1 o.o o.o o.o o.o _o.o _o.o o.o o.o 1 62- ---:--- o.o . o.o o.~ · 1.2 -o.6 -·· 3.3 o.o o.o o.o o.o o.o c.o o.o o.o 
· 63 o.o o.o , o.o ·. ·o.o -3.9 -1.9 o.o o.o o.o o.o o.o o.o ,_ o.o o.o 

~ _64 o~ o o. o · o.~-o~~~-20___::Q...Lo8_.--Q_!_o0~--g~_g _____ g__,.D~._Q_ ___ o_!_o __ Q __ ~---a~_o o_._a _ _ 
- 65 o.-o----o.o o.o _:JtO V• c.. Vt v .. u u.o v.O o.o o.o . o.o o.o 

66 0. 0 0 • 0 0. 0 b • 7 - 1. 1 2 • 8 0 • 0 0 • 0 . 0 • 0 . 0 • 0 . 0 • 0 0 • 0 0 • 0 ' 0 • 0 
67 o.o o.o o.o o.6 -2.2 -o.e o.o o.o o.o o.o o.o o.a o.o o.o 
6 8 . a. o o .. o o ._CL__::_t_._t_ _ __-:-_3_._?__::2_. __ 5 __ o_._o ___ o_._Q o .LQ__o__,_Q o • .D _ _!_Q. o . a_ .. a o ... .o __ _ 

--t:tr:r--o.o--o;·o-o.o -3,(} -7.8 -5.a o.o o.o c.o o.o o.o o.a o.o o.o 
7o o.o 1.21 · 1.21 o.6 -5.o -2.2 o.o . o.o o .. o o.~ - o.o o.o ·o.o o.o 
71 11.43 4.32 15.75 6.7 . -1.7 2.5 11.430 4.902 16.3 32 1.749 O.OE:.9 3t.&26 0.0 30.766 
12 9.65 o.o ~.65 1__!_2, 4,4 ~ s _!,_a _ q_,!_6.2_2 __ o_~_9_e_6 __ 1C_t_J1'3_3~t_9_. _Q_._QL't.__l_..J_o.J___o.o o_._.2.Q!t.._ 

---,3--.---a;·o--r ;oz .r.oz ~t.<t--o.~.s (La a.q6o o.96o 2.439 o.oo2 a. 791 o.o o.:> 
74 0.0 0.0 . 0.0 6.1 0.6 3.3 0.0 0.056 0,056 1.199 ' 0.0 0.28& 0.0 O.OClO 
75 · 0.76 0.0 0.76 4.4 1.7 3.1 0.762 0.0 0.7'62 ·o.9ll 0.0 O.l<J~ 0.0 O.J . 
?6 0. 0 __Q .t 2 5 Q_._2__5 _ _5._._q _ _ z_._e __ ~ ...... .2..__0 ._Q __ ___Q,._Q8 4 . 0_...!1B_4.~.3 _ _D. _Q _____ ll .... .J..Q] __ Q . .. !L._ .. __o_. Q. ____ _ 

-:-r1----2-~-19 e.-c~--ro.92 . 3.9 · 1.1 2.5 2.794 ~-'t3l . 0.225 · o.sz1 o.t32 o.lBZ . o.o o.oto 
, 1a 4.06 1.21 5.33 e.3 0-() 4.4 4.0&4 -,.930 8.994 3.04'.- o.to9 5.5 1)8 o~o 4.312 

79 o. o o • o . o. o s • n - 1. 1 1 • q o • o o • 6 a 2 o • 6 a 2 3 • 1 7 o , o • o . 1. 1 ~:. (, o .. o . o • o . 
eo__ o~_o __ o_~ g o. o s ._6--=..Z!'_f-----\-~L-o .• _Q __ .f.t'!._~z_~__Q__, 5 24 1 ...P. 19 o_ • ..Q__:___o_._'t_~_? __ . . D .• -<L~_.o_.....o __ --a-r --u . o o • . a • o 6 • 1 - 1. L ~ • s . a • o o • o o • o o • 9 H a o • a - o • 2 1 s o • o o • o 
82 0. 0 0. 0 . 0 • 0 . -1 • 1 - 2 • B -:l • 9 0 • Q · 0 • 0 · · 0 • 0 0 • 5 9.6 . 0. 0 0. 1 0 6 0. 0 . . 0. 0 
8 3 0. 0 0 • 2 5 0. 2 5 - 2 • 2 - 3. 9 -3 • l 0 '• v . 0 • 0 c • 0 0 • 3 I. q • 0 • 0 0 • 0 4 1 0 • 0 0 , 0 . 
fl4 o_!'_Q__ Q..! . .o Q.! o . __ .... 2 -~~.!.....7l-=~-~_L_01 . !_o ____ c._t...Q___ __ o ~.o _ _o __ .1 5~ .. JJ..___Q__o . .. J.l.!t... _ _ _ o ... n. __ _j) ;o ~o ___ _ 

--85 0.0 [.2.7----:-[."'2.,----0.tU -6. -..:>• 0 .0 0.0 0.0 0 .OH6 0.0 . Q, 00 6 0.0 0.0 
· .·eu o.o 1.02 ·. 1.02 o.6 ~4.4 -1.q o.o , o.o o.o o.o6q . o.o o.:J04 c.o o . ·J 

' 87 7.27 11 .. 31 t8.5f3 · . 3.3 -4.4 -0.6 7~?..6A 1.339 8.607 2. 1 82 t 0.0 32.8 2, 5 0 .0 . 3L'J5 7 
88 o_!.o _.2 ~ .!_24 31._24 4 __ .~~ o._A_. _ _ o1_!__Qr~-..!!~J~--.....J ..!.J1J5.._?_!f-LJ..2~-· _Q, o _ __g_t..!1.2..2____o__,_o..._ · _ _ a.io ___ _ 

--a·9 1, Q£ Q • o-r. Q~ • C .;}e j~, 6 • 0 6 L J. • L 4 ;} L 2 • 59 :J , l) t 5 Q • 0 1 b • ~ 6 4 Q, Q 16 • l t 2: '} 
90 2.29 o.o 2.29 1.2 3.9 5.6 2.2aa 13.480 15.76612.643 o.t52 to.17-j o . o 1. 98 0 
9 1 1.21 1.o5 4.32 3.9 2.2 ·. 3.1 1.210 3.634 4. 904 9.367 2.11s 5.3~9 o.o o.7 ?. 0 

. ,92 c. o o. o . o. o 4_. 't -1 .. ! _ __7 __ L, _4H_._q__ __ _l_.J__lA __ l _~tl.8__6__..3_fLS 1 ·'L4.5 3. u 1 5 0...._:) o .... .3_LQ_ 
.-9r---o~-o--o~-o o.o----:l.-:r-=-2.2 o. o.o o .. ~Y~ o.s39 3.737 . o.67t 1.429 o.o o.lo4 

94 . o.o c.c o.o 'te<t -4.4 -o.o o.o o.7o9 o.7o9 2.076 o.4o6 o. 62o o.o o.ost 
9 s o.o o.o o.o . 1.1 -5.6 ·-1.9 o.o o.osz o.os2 1.202 o.l9B o.2B8 o.o o.::ns 
96 · o.o o.o o.o -2_.2 -5.6 -3.9 · o.o o.....!_o Q~ o __ . _Q __ ,_7q.R_Q_dLH_,Lt6_L_j) __ L,o o • .Jo.a_ 
91 o.o~a o.o-----=1.--r-:--zt;?t -3. r-o .o . o.o o.o o.478 o. n-, o. 011 . o.o o. ao3 
9 s ·· o.o o.o o.o -2 • ..:. -s.o -3.6 . o.o o.o o.o o.259 o.os1 o. 032 o.o o.ooz 
99 o.o o.o o.o -1.1 -:3.9 -2.a o.o o.o o.o o.155 o.o41 o.o14 o.o o.oot 

100 o.o o.o . 0.0 -1.1 . -3.3--=2.2 0_!..0 _ _ 0.....!..0 0.0 __ 0.1_35 ·Q_!_..Q l O_ O_!_QJ2 0 .• 0 Q,_O...:>. l ...:_ 
- nn---<r;;-o--o-:-o----:--o. o -o-:r~ . -r;-r-o. o o. o o-;o a~ ~. o3 3 a. o 1 1 a . a a. ) o 1 

102 o.o o.o o.o 6.7 . -1.1 . 2.8 o.o . 0.103 0.103 0.123 1.2 2 2 ().()10 o.o 0.2!t4 
1 0 3· 0. 0 0 • 0 . 0. 0 . 0 • 0 - 2. 8 -1 • 4 0 .• 0 0 • 0 0 • 0 0 • 1 1 7 0. 1 4 0 0. 0 0 9 0 • 0 . . 0 • 0 l 0 
104 o.o 4.32 4.12 ~ .. 3 -1!_1_· _ L_l_:_p_.o _o~_eae O...t....B..illL_Q_,__LL4 o. ~..5_6__0__..Jl .09 o.o o.o42_ ---.-ros o.T~.7& r.s2.tt . o.cr r.2 Q.l'll2" 2.3aa · 3~lso ,o.zt3 ·o.sto . o.o42 o.o o.o1o 
lOb 6.86 · 3.81 10.67 7.2 0.6 3.9 6.859 3.399 .10.757 4.149 3 •. 360 32.911 . 0.0 31.146 

. 101 · 1.18 o.o 1.78 1.2 3.3 5.3 1.778 0.200 1.978 2.110 2.916 o,q37 .- o.o · o.B56 
1oa 1.s2 1.21 2.79 3.1J -1.1 t.4 1.524 o.22a t.75?. 1.646 2.225 1),607 o.o Q..tlLB..b_ · 
~9 2.29 1.02 3.30 5.0 -0.6 2.7£--;za6 ·1.277 3~ .1.514 l.68CJ 0.420 o.o ···' . 0.400 

110 .4.0!» 2.03 6.10 4.4 -1.7 1.4 4.064 1.927 5.991 2.406 2.446 0.995 o.o . · 0.819 
,·.~f.': . ·' 

Table i9. Daily summary of watershed model and soil erosion simulation model of the 
Pitzen Watershed during erosion season of the water year 1938. 
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ll1tll~-SUMMAR Y OF --R UNCfFr:-··;u;m --E'ROS l ITfrFOR ·yEAR 1938 
. · PRECIPIIATIONIMMJ · TEMPER~TURE4 'C,AVAILABLE MOISTURE(MMl RUNOFF(MMl SOIL LOSStTONS1 

OA'fl· . RAIN SNOW TOTAL . MAX MIH .; AVG RAIN SNOW TOT~L Sf M~L OBSfR ·SIMULl ORSER SI MU t..-2-
·-. '1 11 0 • 0 0 • 0 0 • 0 . 3 • 9 - . 2. 2 0 • 8 0 • 0 0 • 1 8 5 0 • l :3 5 2 • 4 2 q 1 • 7 4 2 . 0 • 7 7 l 0 • 0 0 • t.- 8 3. 

112 o. o o. 51 o. 5r--:r;-J--=-:r;9·-----==-J. ·3--o~-o o. £: .J3---u~O:r-r.-37i"s----,.~·:;-~--JJ r 0 .o a ·:~ro-
113 1.27 3.56 4.93 7.2 0.6 3.9 1.270 3.476 . 4.746 1~353 2.49?. 0.387 o.o 0.7~5 
114 4.06 ' o.o 4.06 5.6 3.3 4.4 4.064 1.081 5.1 4 5 2.849 3.312 1.235 o.o 1.254 
115 o.o o.o o.o 3.3 -2.8 0_.3 0_!__0 0.255 0.2_5 5 1.'i7.13 1.61_0 0.587 o.o 0.361 

-rt6 o·~lr":o.J o.o 3.q--~~~.o o.z4o 0-:-24-u-~-:u-~~2 r o. zsz o. ·o-.--o:-I6s--
117 o.o o.o o.o 3-9 -2.0 0.6 o.o . 0.222 ~.222 0.772 0.526 0.153 o.o 0.073 
116 0. 0 0 • 0 0 • 0 5 • 0 - 2. 2 . 1 • .It 0 • 0 0 • 4 0 5 . 0 • 1• 0 s 0 • 5 3 0 . 0 • 1tl 2 0. 0 8 9 0 • 0 0 • 0 0 3 
1 1 q o. o o • o . o • o 6 • 1 - o. 6 3 • 1 .o • o t • o s 9 - · 1 • • ) s 9 o • 1 a s o • 6 lt 3 o • o s 1 o • o o • J 9 11 

~lZO O. s-r--7~79 3. 30 I. 2 0. 5-r;-q-----o-; 5 -0a----1. • 52 1 r.u?.ct---o-:-5U-r-lr~-s-stt -·--a-.-ug·y--CJ;-o O~lPz-
. 121 . o.o 0 .. 76 0.7& 0.6 -10 .. 6 -5.0 o.o o.o o.o 0.652 0.317 0.121 o.o 0.035 

122 o.o o.25 o.zs -5.0 -16.1 -lO.f> o.o o.o o.o 0.462 o.C'33 o.o73 o.:no o.:)Ot 
123 o.o o.o -.o.o --- ·-3.3 -t.e -2.2 o.o -0.799 o.7Q9 o.336 0.152 o.04f} o.J7o o.a12 

--r24 3-;-)o ---cr~:>~·-. ar 4 .. 4 --s-;o-::u-:-~~lo-z-z~-n~5:-tt7s --o.T3T--r. ro3---o;zq·r-r ·---r;o-3-:l--a-~3sr-
125 1.7B Q,Q · 1..7ti 5.0 l.l 3.l 1.778 0.361 2.139 1.722 1.460 0.64·) 1. 2 73 O.t.54 
126 o.o 2.03 2.03 5.0 -1.1 1.9 o.o lG496 1.4 9 6 1~171 ~ · lo255 J.287 1.090 0.2~4 
12 1 o • o o • 5 t o • 5 t 3 • 9 - 1. 1 · 1 • 4 o • o o .. 3 o 6 o • 30 " 1 .o 3 A ·• · o. e o o o • 2 3 '} o • 1 o a o • 1 ~ o 

- Tza -o ;-o--o-:u~;-cr-'3~J;-r-:=o-~-u--o. o o:-2 r 3 o. Z73 ·--u-;T79 o. ti:JJ----o:Tl)~---u-:-6To---o·;-r:ro·--
129 . o. o 1 5 • ·r 5 1 5 • 15 1 • L - 1. 1 - o • o o • o o • u 1 a . o • o 1 a o • 5 4 6 o. 5 7 1 o • .J q tt o • a 5o o • 0 £ 3 
130 0.0 • 3.30 3.30 2,a -1.7 0...-6 0.0 0.717 0,717 0.381 1.079 . 0.055 0. 8'r 0 0.2 ·J5 

_ 131 ____ 9_. __ 25 1_.2! __ 1_.52 _ 3!} -2.8 o.3 o-.! 254 · o._!q a z_ 1 _!_ 2) ~ o.33<J Q~_.§3~-o~.sY-:J _o_!.5J_Q ___ o_._t r+3 __ _ 
132 · o. o-o.o o;o- . 2. ;g--- o.T----::.:-r.--,---o .-u-------u ;<rr2 ---a. 9l2 ~-:37q~. e7.. o. tJ7.- s- c. 6 o J o. t-s 1 
133 o.o o.o o.o 1.a o.-6 '•·2 o.o 5.106. 5.106 · o.45B ·· · 1.699 o.or6 1.t s 0 o.3 s9 
134 o.o - 3.56 -3.56 s.o o.6 2~a o.o 2.797 :: . 2.7G7 1.131 · 2.791 o. ·3o4 4.aso o.B24 

: 135 . . o.o 8.64 . 6.64 1.7 -2.2 -0.3 . 0:,0 0.134 0.134 1.375 . 1.313 0.352 . 1.410 0.275 
--r3'6----o;-o-u~-o----o-;-o- z. s~rr--o. 6 o ;-u . o. n~o-;-r3-z;--r.07B·---z;~-z;--CJ.?~o---r;BJo o -~- 6 -5"Q ___ _ 

137 0.0 0.0 ' 0.0 5.6 ·-t.7 1.9 0.0 2.580 2.5 HQ 0.927 2.217 0.198 1 .. 591) 0.5 &7 
138 .. o.o o.o o.o · o.6 -2.2 -o.a .o.o o.o o.o o.952 .1.1ea o.zo6 . 1.120 o,H9 
139 o.o o.o o • . o o.o-=.B.3 -4_.2 o.o o.o o.o _ o.1.2s 1..!._064 0-140 o.3ao o .2.1 1 

~liD--_ - u;u - 0. 0 o-;-o--T~T - B:-9 ----.::-:3 ;<J-rJ • 0 0 ;-QU'3 0 • 0 CJ3 ~ 0 0 0 • BTlzt-----:-u;-u 8 z--~IJ-~· z-g ·a ---u-;T 5 ~-
l4i o.o o.76 o.76 . o.~ -s.o -2.2 o.o o .. o o.o . o .3 44 o.7,t9 o.o4 a o. ?oo 0.122 · 
142 o.o 2.29 2.29 1.1 -2.a -0.6 o.o o.t6o o.1 6 0 o. 2 42 o.-,go o.o29 , o.z s') 0 .~ 31 · 
143 o.o o.o o.o ---L-2.8 · -6~1 -1.1 ·o._o_ o.912 o_~9l2 o.1 s3 o . 7 A?. o.ot9 o. zoo J.1 3o 

-144 o;o o.sr o-;-s1 1.1 u.s 1.1 o.u 0-;377-u.'Jn-u-;ru?-,--r.-vi'J--r.J;-op;----u-;ro-o--o;zal-
145 o.o o~o o.o 6.1 o.& 3.3 o.o 3.689 3.6 89 o.279 2.2ao . o.o3a 1.100 o . 5 50 
146 0.0 0.0 . 0.0 3.9 0.0 1.9 0.0 1.853 l.R ~ 3 0.707 2.225 0.135 1.380 0.570 
147 o. o o. o o. o 5. o o. o 2. 5 · o. o 2. 3 s 4 2. 3 54 o. a o a · 2. 2 3 3 o. 16 3 1 • 1 1 o o. 51 2 

-148 o-;-u--o~-0 o.O tr.9 -r;r~-;-o'lJ;-o I.BO~ l.tJG~<rbq 2.-z~?\J.-211 o ;TIHY 0.577-
149 o.o o.o o.o . 6.1 -2.8 1.7 o.o 0.330 '0.330 1.049 ·2.040 0.236 1.270 0.5J4 
150 0.0 0.0 0.0 7.2 ~0.6 3.3 0.0 · 0.427 · 0.427 O.RBO 2.007 0.184 0.920 0.492 
1s1 o.o o.o ·- · - o.u ·- - ·xt.L '-1.7 4.7 o.o o.o12 o./372 o.724 · 2.os1 o.l3c, o.7Ba o.51o 

--=--r5r-~~~a·--o ~ o----r;7a r. 2 ~-;rt~;-s-T;-rr-rr-.,..--o-;779 2. 5? 7--o-:1rtio~;-J55--u.-zTS--r;z4o--u;ro g-
153 . -4.57 o.o 4.57 . 0.3 1.1 4.7 4.572 . 2.772 7.344 ·2.198 2.3Q8 11.004 3.0 2 0 l0.5b3 
154 O.ll 0.0 0.0 8.9 1.7 5.3 D.O 1.990 1.990 2.3HO 1.709 0.757 0.040 0.393 
155 o.o - o.o o.o 1.u 1~_1 4.4 o...!_o _ 2.688 . ~ 2.6£<8 1.646 1.153 . o.449 ' o.32o o.2?5 

-T~:-·--r.-.-oc;-~L~'U~-;-!0 . 5. 0 O, CJ~-;-a--z-.. iJ6T.t~~n--,-;z77--z .R62 2;D2 7 l. 5:J5 1-;-')70 . t.-:rs-s-
157 0.0 0.0 0.0 7.8 1.1 'te4 0.0 ·1.814 1.814 3.129 1.097 l.l09 0.180 0.210 
1 58 0. 0 0 • 0 0 ~ 0 1 0. b o. 0 5 • 3 0. 0 0 • 0 0 • 0 1 • 9 4 6 0. q 53 0. 574 0 • l 50 0 • 1 4 7 
159 0 • 0 0 • 0 • 0 • 0 12 • 2 1. 1 · 6 • 1 · 0. 0 0 • 0 0 • 0 1 a J 7 0 0 o 6 8 R 0 • 2 4 lt 0 • 1 9 0 · 0 • 1 0 8 

--,-6J o. 76 a·.o . 0.76 . 9.~.o 4.7 o·;762 o.o _0.762 o .. 791---o:-acrt>-u.-2It o.rJo c·.rs-z-
161 o.o o.o o.o 11.1 o.o 5.6 o.o o.o c.o 0.542 0.561 0.1)93 0.050 0.081 
162 o.o o.o o.o ·12.a 3.9 6.3 o.o o.o -- o.o o.352 o.5o5 o.oso o.o6o ·o.o&9 
163 2.29 o.o . 2.Z<J 13.9 <-}.4 11.7 2.286 0.0 2.2~6 0.502 0.696 . 0.779 0.150 • 0.802 

--T64 o.'5r-o-;u:--:-u.sr 9.4 4.4 6.9 o.soa---u-;u o.-s-oa------o-;-368 o.s-oe o.os3 li.Luo o-;u-ro 
165 . - 1.78 3.o5 4.83 . · 6.1 . 1.1 . 3.9 1.11a o.ose 1.866 o.3ot o.56Z 0.220 o.21o . · · o.264 . ·'· .. 

Table 19. (Continued) 
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DAILY -SUMMARY OF RUNOFF A~fO-EROS- tON FOR YEAR 1938 
----- PREClPlTATION(Mt-1) TEMPERAT.lJp,E«'C) 4VA(LA8LE MOtSiURE(MMt G.UNOFF(MI'-il · · . SOIL LOSS(TONSt 
O~Y RAIN SNOW TOTAL MAX MIN AVG RAIN SNOW TOTAL Sl~tJL OBSEP. SIMUL1 OBSE~ SIMLJl2 
166 · 3.05 0.76 3.81 6.1 0.0 3_.1 3_!..048 2_!!_727 5.775 0.770 __ 1._135- 3.028 · 0.830 l·•O~~ 

-,0 7 cJ.-z-5-~·;:ro-3. 56 .. 3 • 3 o-;n----,. ;-y--o. z-s-~---r .lt'9 L . r. r 4 5 r.TT3 r: 41> 3 . o. <r6 2 2 .-"J5o--o. ~ 6 
168 0 • 0 1.52 1.52 1.1 ·- .2.a -o.a q.o o.Ot4 o.ol4 r.112 o.a99 o.-257 o.840 o.15A 

169 5 • 8 4 .. s.oa ro.92 4.4 -1.1 1.4 5.842 2.496 e.338 2.os5 1.798 11.778 1.1so 11.5:>5 

170 
. o.o o.o o.o 4.4 o_!_o 2~ o_Lo 3.25_3 ___ 3.2.58. 2._644 3_.7_tq o.e74 5,z_qo 1 ,_11.3__ 

-t.7c~o~-u--o.o-o. o · 3. 3 --'3. 3--:::n. o-n. o . r.3o 2 Q.'1o-z-r. [ 06 2. 423 · o. 63 6 . 1. 81 o J. 6ft 2 
172 · 0 • 0 o.o o.o 3.3 -s.o -o.8 o.o o.o94 o.O'J4 ·· 1.241 !.5q8 o.loL 1.430 0.1 5 1 -
1 7 3 3, S 1 0 , I) 3 • 81 3 • 9 ·- 3 • 9 -0 • 0 3 • 8 1 0 0 • 2 2 8 4 • 0 3 8 .1 • 0 50 1 • 2 52 2 • 2 0 1 0 • A 0 0 :'.' 2 l 0 
174 . 1.78 o.o . 1_'!...78 q_! 4 :...o~ _ _o 4.4 1.770 1._9 7 5 __ 2~8_53 1~731 3_. _ _5_9 7 1.753 7.230 z:375 

--r-rs a ~ o ----T. 5 z---.: • 52----zt .~. 1-----r--r--a .l> 1 • o? 9 . 1 • F.. 9cr--I • 51B z. o 9'5 odd o r. 1 z-o--0 .-7-n-.-
176 0.0 0.0 0.0 e.'J 1.1 5.0 · 0.0 1.7o7 1.767 1.01)7 1.'D 7 0.~42 · O.'t70 0.33R 
111 0.0 0.0 0.0 · lC.6 0.6 5.6 0.0 0.0 0.0 1.021 1.2 g1 0.~28 . 0.450 0.255 
1 1 s __ __ o ~- 2') _Q~ o _ o_. 2~22 -~--21_~ -~ 6 • &.--~--!_~ ~~-!..Q _____ ~~z-~ _ _Q_~~J ___ l_!_l)f,~J._L4..8_· _ _o~ _L8 Q __ o.!...:2...'lZ_ 

--1 1 c:r . lf. 0 1 • 2T I :7 I - ' • o · - • • 0 v • v v • & --J q u • 6 q q 0 • :J ") () 0. 9 6 0 0. 0 9 4 . 0 • 2 B 0 0 • 1 7 4 
180 o.o o.o o.o 3.3 -4.4 -0.6 0.0 0.2 53 0.253 0.412 0.734 0.062 0.410 0.118 
1 81 0 • 0 o.o o.o · ,._4 -3.3 o.6 o.o 0.121 0.121 o.J25 o.6 ·J4 o.o44 o.Jzo . o.o~o 

182 o.!__o __ _ o ~_o o. o .Q.iJ -1~.!~---Q.! __ o_ o ~_o9_'? __ o ._0_95.---lL._~ 4~_· _.o ~ . .5?~3 __ 0_t.. ~12_9_D_._L2 .o___o_,_o_r_3 __ 
---,_83 o.O 0.0 o.u----yu.o---::-f'e~ ~ . ..... u.O · 0.102" o-.1J'2 O.t(5 0.4~4 · O.Ot8 0.151 . ·o 058 

, 184 - 0 • 0 o.o o.o 121.B o.o 6.4 o.o o .. o o.o o.tss o .. 363 o.ots < o.15o o:o~3 
tBS 3.81 0.0 3.81 10.0 1.1 5.6 3 . 810 0.0 3.810 0.441 0.5Q2 . 2.224 0.530 2.U~O 

_1_86_____lJ , _4 }_ 2...3.L__l_3-L9]__5._L6 __ t~_l___3_ • .3 __ _l_l._,_~ J_Q___2~4l2 _ ___l_J .. B..Q2_4_._l~CJ._____l ...itJJ__l_Q_L_S_L!t_ __ .3_....5_7_J..___l_S:L_9..Q_'1_._ 
187 o.25 o.o o.z5 1.2 1.1' . 4.4 o.254 · o.1 oa o.362 2.945 o.a :J8 1.!46 .. 0.110 o.2~1 

188 o.o o.o . o.o tg.o o.6 5.3 o.o o.o o.o 1.253 o.513 o.3o6 o.oso o.o11 . _ 
189 0 • 0 o.o o.o 1~.9 1.1 7.5 o.o . o.o o.o o.go2 o.3 8 9 . o.162 o.o 4o o ~~7 

_ _1
9

? Q_._o o !._o · · o ~_o 14_'!!+ 3_._.9 9.2 o_!_o_ ·. o~o o.o · o.4qo o .• _3~t3 __ :_:_u .... .aa_n_ _ _ o.._<J ~ .o ___ .. __ o_:o.Lo __ 
PH . 0 .z-s--o.~0.2~S.~.3~--r--0.25~.o 0~ 0.306 0.3 o 3 · O. OttO 0.050 O.J 't 3 
192 o.o o.o o.o .12.2 0 .. 6 6.4 o.o o.o o.o 0.1!:14 0.274 0.019 0.020 0.028 
193 o.o o.o o.o 13.3 2.a .s.1 o.o . o.o o-.o o.15B o.zu · o.o1s o.oto . o.o19 
194 2 ~ ~U 0_!_0 _ _ 2_!._0) 1...!- 2 4.'!.4 5~Jl · 2. O.J~ O. 0 2 . _Q..Jl_O. 11 (_g_t..J_!t_A_· _QL..2_8__L_ _ _Q_0 _4 __ o___Q.l~~ 

- 195 o.o -:;--o .o . o.o'---'TI.r-o.~.6 -rJ.'O -------o:o o.o o.T5"1 o.Z36 o.ot4 o.a2o o·. oz_3 __ 

1q 6 o.o o.o o.o 11.1 . 2.2 . 6.9 o .. o ·. o.o o.o - o.135 o.ta5 . o.o1z o.o1o n .. ot6 . 
1 9 ·r 0 • s 1 o .. o o. st 12 • 8 . 2. 2 -1. 5 o • 5o 8 · o • o o • so a · o • 1 3 6 o. 16 o . o. o 1 2 o • o 1 o o • 0 ! 3 · · 
l'JB . · 7.37 0.0 1. 37 1_2 _~8 6 .__7 9.7 7_.366 0.0 7.3_66 0~439 0.6 tt8 l. 653 0.?60 l &1.9 

--,_~9--.-a-;-11----o~-u a.r3---r3.~.~.T-a.J.2a- o.o a:-rztrL.rr4 t.772 s. o·&T--r~-7-z-u--4-:-arr--
. 200 2.29 o.o 2.29 10 .0 6.7 · 8.3 2.2.86 o.o 2.2 86 1.9 86 0.790 l.7Bc 1.01 0 1333 

201 o.o o.o . o.o to.6 o.o 5.3 o.o o.o u.o . 1.~ ·;3 . o.256 o.ZQ9 o.o2o o:oz 6 
20 ? 0 _ .. 9 __ o_ ~ o o '!.o_ t_3.3 __ o,!0 _6 6.9 o_. __ o o'!o D~J)_. __ o4 _l __ t ___ o_ . _ l. ;~ _2____0-.t...1 .. 70 o ... oLo _ ___o_.ot.3 

-2o3 o.o o:o-o.o 1'-6 3.~-:40 .0 o.o o.o Od'J) o.P4 o.oao o.o1o o;oJq-
2 0 ft 0. 0 0. 0 0. 0 1 4 • 4 . 5 • 0 9 • 1 0 • 0 0 • 0 0 • 0 · 0 • 2 ? 2 - 0. 1 0 9 0. 0 3 4 0 • 0 1 0 · 0 • ) ·O 1 
205- 0.0 0.0 0.0 16.1 · . 2.8 9.4 0.0 0,0 0.0 . O.lo 5 0.0 86_ 0.016 0.010 O.ll:>5 
206 o.o __ o_.o o_..!_o 16_.!..7 6.1 ll.4 o.o o.o o.o o.L54 o_!__Qo 6 o!,_QL4 o.o o.~ 03 

- 1.-01 0;-o o:-o------::-o . o~"J. ~--s;c;---9. 1 o. o o. o o. o o. 1 4.~. o<>"J--o. or 3 o. o o .:crn-3-
208 o.o o.o o.o 12.8 4.4 8.6 o.o o.o o.o 0.139 0. 04 6 0.012 . 0.0 0 001 
2 09 o. o o. o o. o ! 1. 8 3. 9 1 o. e o • o o • o o • o o • 1 3 2 o. o 41 . ; o. o 1 1 - o. o o: o :n · 
210 0• 0 o_._o o_.o .:.3.!..9 7._2 1_5.6 o~o o.o o _ _!,_o o.tz5 . o.o3_3 o.o1o o.o o.oo 1 
~ 11 o. u-o . u---o ;n-L J • 3----r. 2--"I s-;-:r-o. o o -;-a o • u---:-n-:1 r 9 o. o 2 5 o • o 1 o------n. o o. o-n-o-

2 12 0• o o • o o • o 2 2 • s 6. 1 . · 14 • 7 o • o . . o • o o • o o • 1 11 o. o 1 5 o • o o 9 o • o· o 0 ') 0 
2 13 0• o o • o ___ ,.. o • o ___ 12 • a 1. 2 1 o • o · o • o o • o . o • o o • 1 o 5 o • o 1 5 . o • o o 9 . o • o o : 0 J 0 
21 4 - --- -----o~o __ ---- o~o · o~.o ~o_!6_o.!_o_/_5._3_ o.!__o __ , __ p.o _ ~ o_.o · o...!_o9~_·_o !....QQ o _Ch.Q_07 Q_.o o 0 

~Ts o.o --r.o'2--r.uz a.1 "'.a lt.2 o.o . O.Tl>9 --n.1b9-o.o94 o.oi~o.oo7 o.o o--:-TI--
216 o.o o.o o.o 9.4 1.1 5.3 o.o 0.847 0.847 . 0,, :)89 0.01.5 0.006 o.o o.ooo 
217 o.o o.o o.o 11.1 o.o 5.6 o.o .o.o o.o . 0.083 0.015 0.005 o.o o.ooo 
2_18 0_!_ 25_ o .!...o o !_25 1_4.4 o.o 1.2 o.25_4 o •. o o.25 1• o.o78 · o.ots o. _oos o_,!O_o 0 • 300 

--"119 1.02 o.o~-~5:-o 1.1 a.o---r:-ol.6--:-n.o I.OT[)lJ;7573 o. rn s o.oo '• o.o o.o~ro-
22o o.76 o.o .o.7o 15.6 4.4 10.0 0.762 o.o o.76Z o.068 o.o15 o.oo4 o.o o.o:>o 

Table 19. (Continued) 
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This water year had relatively normal precipitation (501 mm) but pro
bably had a low soil loss. Stream flow ahd soil loss lower than the observed 
value during February (days 123-151 might be the result of bad estimation 

of snowmelt and frozen ground event (Table 19). During this entire period, 
the problem of observed and simulated runoff and erosion are well matched. 

a) Days 153 (March 2) and 169 (March 18) 
These two days have good stream flow simulation but the soil losses 

were estimated four to ten times as much as the recorded. It is hard to 
explain the reason, however, it seems that the erosion model overestimates 

upland soil loss when overland flow occurs. 

b) Days 170 -174 (March 19 - March 23) 
This period has moderately accurate simulation except days 170 and 

174, which have lower simulated stream flow and .soil loss than the observed. 
Table 18 shows that there were no overland flow estimated. Overland flow 
seems to be necessary to cause that amount of soil loss of this period 
(5 - 7 tons per day). It is, however, possible to look into some other 
erosion sources such as landslide or channel bank collapsing which cannot 

be simulated in the model. 

c) Day 186 (April 4) 
The simulated soil loss is more than fifty times as much as the 

observed. However, the difference of their stream flows is not so high. 
The high estimated overland flow on Zone IV (13.6. mm) might be the reason for ~ 

this bad simulation. But comparing the results of days 153 and 169 the 
erosion model overestimates the soil loss for this water year. It should 
be remembered that the erosion model parameters were optimized using 1939 

data. 

2) Water Year 1939 (Table 20) 
This year was dry (398 mm) and cold. Most of the precipitation was 

snow, which remained on the ground until the snowmelt season started (end 

of March in the year). The snow-water-equivalent on the ground at the 

beginning of the melt season averaged 80 mm (higher on north slope [120 mm -] 

76 
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uAJLY Sl.l"1-1ARV OF RU~OFF . ANif ERO.SION FOR YEAR . 193~ ., -- -- - ·-- ----·------- --·-- ------------
PP..ECIPITATION(MM) TEMPERATUqE( 'C) AVAILABLE MOI STIIRE(MM) ~UNOFF04MI SOIL LOSStTONSI 

DAY RAIN SNOW TOTAL MAX MIN AVG RAIN SNOW TOTAL SIMUL OBSER SI~Ull OBSER SIMUL2 
~~ --- 8:8---~8-:8- --- 8-:8-- ---~:i---~·tr---- ·=6:- l- -- 8-: ~8---··- 8:1~! 8:t~r -&:8- ----- --· 8:8--- ·8:-8----8-:& g~g--
58 o.o o.o o.o 5.0 -2.8 1.1 0 ~ 0 0.248 0.248 o.o o.o o.o o.o o.o 
59 0.0 0.0 0.0 · 1.2 -O.fl 3.3 0.0 0.210 0.210 0.0 . 0.0 0.0 . 0.0 0.0 
60 o.o o.o o.o 8.3 2.2 s .3 . _o.o_ ~2 ___ _ o.2o5 o.2os __ o .• o ____ _ o .. _o __ o • . o _______ o_ ..... o ___ a_ .... :.>_~·-

- · 6l---- · 2.-o-3--o.o--2-.o3--- s.o·--- 1~7- ·- - 3.A 2.o3 . o .. 159 2.191 o.oo4 . · o.o o.ooo o.o o.o:>o . 
62 1.02 o.o 1.02 7.2 2.2 4.7 1.016 0.100 1.116 0.004 o.o o.ooo o.o o.o 
63 7.62 1.02 8.64 3.9 O.fJ 2 .2 7.620 0.982 8.602 0.193 0.0 0.093 0.0 . o.:>lO 
64 0.0 . 0.0 0.0 3.3 O.fJ . 1.9 0.0 . 0.034 0.034 0.0 . 0.0 0.0 0.0 0.0 · --- 65 .. ____ _ o~o -·----- 1.2r--·- r~· 2r- ---3 .cr---- o. o ·-- ·1. 9 --- o ·; ·o- - 1.120 --- - 1·.1zo---·o .o--- o· .o--o~ -o---o-~ ·o-----o-:o __ _ 
6fl o.o 4.32 4.32 7.8 1.7 4.7 o.o 4.148 4.148 o.o o.o o.o o.o o.o 
67 o.o o.o o.o 6.7 1.1 3 .9 o.o 0.320 0.320 o.o o.o o.o o.o 1 o.o 
68 o. o o.o o.o 12. a 3.3 R. l __ o. ~_ o_. __ o_.o ________ o_.o _ _. __ o _._o _o •. o _ _ o_. _Q o_._o _____ o ... _a _ _ 

·--- 69---o.-o - ·-o ~n--o. o·---- 13 .-9 --·-·-- 6.-l ·- ·1 J . o o. o o. o o. o o .o o. o o. o o. o o .ll 
70 o.o o.o o.o 6.1 3.3 4 .7 o.o o.o o.o o.o o.o o.o o.o o.o 
71 o.o o.o o.o 3.3 -2.2 ~ .6 o.o o.o o.o o.o o.o o.o o.o o.n 
12 o.o o.o o.o -1.1 . -7.s - 4 .4 _ _ o~o ____ o.o _____ ____ o.o __ o~o ___ · __ o ... o ___ o_.o ______ o.o ______ o._o _ _ 

- · 73 ____ .. _ o.-o - - o.o- ----- o.o· --- :::. o~- 6 - ;.;: 7.9 - 4 .2 o.o o.o o.o o.o · o.o o.o o.o o., 
74 0. 0 0. 0 0 • 0 l • 1 - 6. 7 -2 • 8 0. 0 - 0 • 0 0 • 0 0 • 0 0. 0 0. 0 0. 0 0. 0 
75 o.o o.o o.o 3.3 -5.0 - ) .3 o.o o.o o.o o.o o.o o.o o.o o.o 

_ 76 ___ __ __ o.o ____ o. o __ ___ o. o ____ _ 5 .6 __ :-_3. 3 .. 1. 1 __ o. o___ __ o.o __ __ ___ o ... <L_ . o _.o o._a _ _ o .. _o ____ a.o _____ c.JL _ _ 
17 o.o o.o o.o -0.6 -6.7 -3.6 o.o . o.o o.o o.o o.o o.o o.o o.o 
78 o.o o.o o.o 3.9 -6.1 -1.1 o.o o.o o.o o.o o.o o.o . o.o o.o 
79 o.o o.o o.o -5.0 -6.7 - 5 .8 o.o o.o o.o o.o o.o .· o.o . o.o o.o 
oo _ o. o ___ o. o __ ___ o. o -- ·- .. o. fl __ _ ~ 6. L . . -: ?. . a _ .. o_. _o ____ o. o . . .... ____ o. o __ _._ _ o .o ____ o. o_ _ _ o •. o __ · __ o. a ._:_..:... __ _ o. o __ _ 
81 ___ o.o o.76 . o.7& -o.6 -6.7 - 3 .6 o.o o.o o.o o.o o.o o.o · o.,J o.o 
82 o.o 3.3o 3.3o o.o -5.5 - z .s o.o o.o o.o o.o o.o o.o o.o o.~ 
83 0 • 0 l • 5 2 . 1 • 52 - 1 • 1 - 7. 2 - 4 • 4 : 0 • 0 0 • 0 0 • 0 . 0 • 0 0 • 0 0. 0 0 • 0 0 • () 
84 o. 2 5 L. o z__ 1 ~ 2 L s. fl _ _ .:::-.1. 1.. .. __ 1 • 9_ 0 __ • .22.~2. s.1 fl _ _____ 3 _._l3.0 __ .. o • o _o_. __ o_____o ..._o _ _ _ _ o_._o _ _ _ o. o _____ _ 
85·--·- ·o~o - --o.o o.o- - .s.-6 o.5 3.1 ~ o.o 1.815 1.815 o.o o.o o.o . o.o o.o 
86 0 • 0 0 • 0 . 0 • 0 . 1 • 1 - 1. 1 - 0 • 0 0 • 0 0 • 0 0 1 . 0 • 0 0 1 0 • 0 . 0 • 0 0 • 0 0. 0 . ' 0 .. 0 . 
87 o.o 4.06 4.o& o.o -11.1 -s.s a.o o.o o.o o.o o.o o.o o.o o.o 

· 88 · o. o o. ~a o. 51 4. 4 _:: 1. 2 -· -1.4 ___ o_ ~o __ 1_.97o ____ 1~970 . o ~o o...!...o __ oLQ o_.o _ ___ o_._o _ _ · 
· -- 89------ o~o·-- - o~-'25"----· -o.zs·--- 3.9-- ·o.6 2.2 o.o . 1.335 1.33s-o.ooo-o.o o.o o.o o.o 

90 o.o 2.29 2.29 &.1 1.1 3 .6 o.o 1.971 1.971 o.o o.o63 o.o o.o12 o.o:n 
91 o.o o.o o.o 6.1 1.7 4. 2 o.o 1.000 1.000 o.o 0.066 o.o 0.017 0.003 
92 o. o o. o o. o _ 1. 2 __ _ 3._ 3 ___ .. _ 5. 3 _ o .• . o ___ 

1
t_. 51J' _~..:.__11._ 5_ 17 __ .. o ._o _ _ _ o_..._o_4.8_ o_._o o_ .. _ ot~ ___ o_._oo.z_ 

- 93---·-· o.o- - o-;: o--o.o- rz·.a 3.3 s .1 o.o .230 .230 o.o o.o18 o.o o.oo4 o.o:>o 
94 2.54 o.o 2.54 10.0 3.3 6.7 2.540 o.o 2.540 0.074 0.008 0.026 0.001 o.ooo 
95 o.o 1.27 1.27 4.4 2.2 3 .3 o.o 1.143 1.143 0.067 0.010 0.006 0.003 o.o 
96 0 • 0 0 • 0 0 0 0 3 • 3 - 1 • 1 1 • 1 0. 0 0 • 0 2 5 0 • 0 2 5 0 • 0 0 b 0 • 0 0. 0 0. 0 0 • l 97 ------- -J ~ o--- a·. &--tt-- · a. 64-- 1; 1 - - o. b - - · 1. 1 --- o. o---- o. 311. -- - o·~ 3ll _ __ o .04fl ____ o .- oo2---o. o·oz-- o-. oo·z- - - o .-o - -
98 0.0 0.0 0.0 2.8 -0.6 1.1 0.0 0.983 0.9A3 0.016 0.002 0.000 0.0 0.0 
99 0.0 O~O 0.0 2.2 -0.6 0 .3 0.0 0.&19 . 0.619 0.029 0.0 O.JOl 0.0 0.0 

t g~ _, _ _: ___ 8: 8-----~ :- ~~--- ~ :-~~--i! l ----8: 8---- g: ~ ·---8-: 8---- -8~ g~ }--. -8 :-8· ~~--· 8 ·:·8-l-4--8-:·8--8-:·88 8---8-:-8----8 ~g--· 
102 o.o o.o J.O ,3.3 l.l 2.2 o.o 2.235 2.235 0.037 0.005 0.002 0.001 o.o 
103 0.0 0.0 0.0 ' 5.6 1.1 3. 3 0.0 6.085 6.085 0.564 0.025 O.llb 0.019 0.000 
· tg~---- .g: ~ cr-- 8: ~r-- ~: ~1----§ ·: -~ -- .. -: l: l--- · i: ~ --- g : -~o2-- ~ .. :~I~ -·--- 2-:~1 ~-- -·l :~ ~ -~ --·-----8: 8-o-s -- 8~ ~~ ~--8:-8o7·--8·:~ar-
t 06 0 • 0 0 • 0 0 • 0 5 • b - 1. l 2 • 2 . 0 • 0 1 • 0 4 7 1 • 0 4 7 l • 3 1 0 0. 0 ' 0 • 12 b 0 • 0 0 • 0 
107 o.o . 0.25 0.25 0.6 -0.6 -8. 0 o.o o.o o.o 0.1170 o.o 0.182 o.o o.o 
1 08 0 . 0 0 • 2 5 0. 2 5 0. 6 - 1. 1 - 0 • 1 0. 0 0 • 0 0. 0 0 • 4 3 4 0. 0 0 8 0. 01 q 0. 0 0. 0 1 oq ___ _ s ·. s4...._ ___ 1. 18 - - -7. 62"- -4·. 4 --:__ 1. 1 - · · 1. 1 --- 5·. s·4: z - --·2·. o z;o· -- -- 1.902-- 1 -~ 1 3o- - -o. o·o8- -o-; ·32 3---o-: o o:-()J-z--
110 .1.02 o.o 1.02 4.4 o.6 2 .s . l.Ol6 o.743 t.759 1.649 o.o28 o.451 . o.oo4 o.o:n 

Table 20. Dail.y summary of wate~rshed . mode:l anq soil erosion simulation model of the 

· Pitzen Watershed during erosion season of the water year 1939. 
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··rfA ICY--S-UMMAR y-·-rn:- RlJNa·r ·F·--A-Nif-E-ROS Ib-N FOR --· vE"!~JC i939 . 
PRECIPITATION(MM) TEMPER~TUREI 'CJAVAILABLE t~OISTUREfMM) RUNOFFH11·1t· SOil lOSS(iON$1 

DAY RAIN SNOW TOTAL MAX Mt~ AVG RAIN SNOW TOTAl SIM:.JL · OBSER SIMULl OBSER SIMUL2 · 

--- ttl --- -8:-8- --8-:-§- ---8-:8--~; ~ -:-~ 1: ~ ------t- :- ~- 8-:g--- --- ~ :8~-9--~ :8-(>Q __ - -~ -=~ ~~---8: 84~--g: r~-l----8:86~-- 8-:-gg t---
113 o.o o.o o.o 3.3 -3.9 -0.3 o.o o.o o.o 0.549 0.013 ' 0.094 0.001 o.o 
114 o.o o.o o.o ' 3.3 -3.9 -0.3 ' o.o o.o . o.o 0.290 o.o 0.038 o.o o.o 

ll~ --- --r: ~-a·- --8: -8----~-: 9a---§-:g- :f: f---- l-: ~- ' - - ~: 97·a--~ -8- :2--- -~- :~78-8- :- t -~~-----8: 8o5·- 8: 8~-§-- 8: 8cf4---8:-8-»--
117 0.0 0.0 0.0 3.3 -3.9 -0.3 . Q.O 0.0 . 0.0 . 0.214 0.010 ! · 0.025 0.004 0.0 
11a o.o o.o . · o.o 3.3 -1.1 o.8 o.o o.o _ o.o _ o.1o9 o.o , o.oo8 o.o o.o 

--- --116-.--5:-~}---- ~~ ~~---~;8~- t:-~-~~ ~----f- ;~---a:-~~2- ----~-:-i~~-~----~:- 5 -~~g :l i§----8-:- 88~--- g-: 8l~-- --8-: 8o~- 8-: gll) __ --
121 0.25 0.76 1.02 5.6 -1.1 2.2 0.254 1.181' 1.435 0.378 o.oos 0.057 0.001 o.o 
122 o.o o.o . o.o 3.3 _ -3.3 -o.o o.o o.ll3 o.l13 0.366 o.oos o.os3 o.o o.o _ 

·-----l ~!----- 8:-8- --8-: g r--8: ~ r--:-8-: -~-: ~: -5-· -:: ~- : ~ ·-8 = 8----g:-8 8 ·: 8-- -g : l -~ i----8: 8 13----g: 8 I l-· -_ - -8: 8 o-z-- 5 :- &~-----
125 o.o . o.o o.o -z.a -6.7 -4.7 o.o o.o . o.o · 0.110 o.o o.oo8 o.o o.o 
126 o.o o.o o.o - 1.1 .,..6.1 -2.s o.o o.oo6 o.oo6 0.105 o.o o.oo8 o.o o.o 

----- l~~----- 8: ,~~1-~: ~~-- 1~-: ~~----- ~:-~~~:- ~- -~} -: ~- - - 8-!-~s-tt-- --- 8:~65- -8:~ r~---- 8 :~~~ ---- -8~8------ - 8~ · 88 -~-- -8:- 8-- -- -~--g-: g- --
129 0.0 6.35 b.35 -0.6 -2.2 -1.4 0.0 0.0 0.0 0.099 0.0 O.J07 0.0 0.0 
130 o.o 2.54 2.54 1.1 -3.9 -1.1 · o ·.o o.131 o.I31 o.o9o o.o o.oo6 o.o o.o 

_ 131 ___ _ o. o __ 1.2..1. __ 1_. 27_ .::..3 ... 9_:::L5 • . o __ _ "':'9. 4~_o .. u _______ o __ . _o _ _ __ o.o ____ o .• oss_o.o ____ _o. _ao6_ - _ o. o ____ o. a 
- 132 - o~o o.o o.o -8.9 -21.1 -1s.o o.o o.o . o.o o.o79 o.o o.oos o.o o.o- ---

133 o.o o.o o.o -7.8-12.2 -10.0 . o.o o.o o.o 0.074 o.o 0.004 o.o o.o 
134 o.o 11.43 11.43 _ 1.1 -14.4 -6.4 1 o.o o.578 o.578 o.o7o o.o _ o.oo4 _ · o.o o.o 

-......~ _ _ __ 13.5 ____ .1. 5.2 __ 1_1.6 8 _ _1 3. 21 _ __ 4. 4--~- __ 2. 2 __ _ 3. 3 ___ 1. 52.4 _____ 3 .120___:_ _ ___ 4 • 644 __ _ 0 .4 83 _____ 0. 383 __ _ 0._ 087. _ _ 0._03 0 ___ 0 • Olt 9 
co 136 o.o o.o o.o 2.8 -0.6 1.1 o.o 1.000 1.000 0.677 0.437 0.127 0.035 ::>.05~--

137 5.08 26.42 31.50 2.8 o.o 1.4 5.080 1.132 . 6.212 1.020 0.310 0.252 0.025 0.03 5 
138 0.0 4.83 4.83 2.2 -0.6 0.8 0.0 0.440 . 0.440 1.595 2.075 0.434 0.36S 0~5L7 

___ L35' _ _ _ o. o __ o_. _ _o_ _ __ o ~ o _ _ . 3_._9--=-I· z _ _ .::l __ • __ 7. __ o_.o ____ 1._27_6 ___ 1. 276 __ t_"o 8_8 __ - _z_,_o_L't__O_,_ 24.9 __ _ o. _'t 11 o. ~15 
140 o.o o.o o.o 5.o -1.1 1.1 o.o z.7g7 -· 2.767 o.930 1.374 o.1q9 o.2~6--·- :f.?~ 9----
141 o.o o.o o.o 6.7 1.1 3.9 o.o 3.7~0 3.750 1.037 1.201 0.233 0.134 0 . 239 
142 o.o o.o o.o 2.8 . -4.4 -0.8 o.o 0.615 0.615 1.361 1.077 0.342 0.21.4 0. 2 )4 

----t -~~--- ----8:-8--£:8-- -8-: 8 - - - .:- ~ :~-~~= 9--=1-~ ~ ---g:g~----- - 8-: -~~~-- - --8 :g ~~ - ----6 :- ~j~---- 8: ~~~-8 -! r1~----g:6~} ---- 8-!b~ ~--
145 o.o o.o o.o 4.4 -4.4 -o.o ·o.o 1.411 1.411 0.623 o.577 o.113 . o.064 o. 0 8 4 146 J.O 0.0 0.0 5.0 -6.1 -0.6 0.0 2.073 2.073 0.558 0.475 0.096 . 0.030 0.0&3 

_147 ___ ___ o._o _ __ o,_o __ o. o __ __ 4_ ~ 1.__-: 1 .• l ___ 2. 5 ___ o_. o _______ 3_,09ct __ _ _ 3 .o9_9 ____ o_.p 7.3 __ ___o._s_ta_ o._L2.6_-_ o. o6 't ____ o_. 07.?.-_ 
148 o.o 1.78 . 1.78 1.1 -1.7 -0.3 . o.o 0.017 0.017 0.873 0.561 0.182 0.194 0.081 
149 o.o o.o o.o 3.3 -1.1 o.8 o.o 1.002 · 1.002 o.639 o.571 0.111 0.121 o.093. 
150 o.o 3.81 3.81 1.7 -3.9 -1.1 o.o 0.124 0.124 0.491 0.531 0.080 0.065 ~ ~ 074 
151 J.O . 0.0 0.0 1.1 -~4 -1.T 0.0 0.015 0.015 0.315 0.465 J.~42 0.038 0.0&1 

-'lsz - ------- --o.o __ _ o.·zs - -- o.z5 -- 2.2··-::.s.o - ·.:1.4-- o.o - --- - o~3a3--- o-;3s3 ·-- o.223 -----·- o~442- - o. oz5 ·----0.041 ----- ---o.J
5

7- -- -
153 0.25 0.25 0.51 4.4 -5.0 -0.3 0.254 l.t!21 2.075 0.234 0.485 0.028 0.053 0.055 
154 0.0 3.30 3.30 0.6 -1.7 -0.6 0.0 0.0 0.0 0.329 0.571 0.045 0.050 O.Q 8 3 

--- -l-§g-- -8:-8----- -8:8----8--: 8--=-~ :-~-~ ~:- ~---~l:-1---8-:-8-----8 :~ r1-.- - - 8: g 11·-- 8-: t ~~--8:-t~~~~, -8:-8i ~--8: 8~ ~---8: 8~ }--: 
157 1.78 5.59 7.37 3.3 -2.2 0.6 1.778 0.970 2.748 0.387 0.406 0.070 0.028 0.053 . 
158 o.o o.o . . o.o 5.o -s.o -o.o o.o . 1.e2o 1.s2o o.527 o.406 o.o89 o.o21 n.o51 · · 

_____ 159 _ ____ __ o. o ___ o._o · ~ _ _ o. o ____ _ 5._6 __ -:4. 4 __ __ o. 6 ___ o_. _o __ ____ 2. 7293~---
0
2 •

7
z<J

35
3 _ o .595 _ ______ o. 389 ____ o._106 ___ o_. ots ___ o_.:J._7_·_ 

160 o.o 0.25 0.25 2.8 -2.8 o.o Q,.o o. ~ e ' 0.729. 0.373 0.141 0.018 0.0~5 1 

161 0.25 o.o 0.25 6.1 -1.7 2.2 0.254 3.821 . 4.075 0.755 -0.495 0.159 0.055 0.074 . -
162 . 6.35 . 20.32 . 26.67 3.3 1.7 2.5 6.350 2.267 . 8.617 1.q66 2.271 0.823 0.630 0.795 . 

---lg~---- -i: ~~---~: ~-~ 1 ~~- 8}---~-:t~-;.-~: ~-- - 5-!-~ -i-:-~-j-8-~ -i =~~}--- ~·:}~~-- 1-=~~g--l:~-~-~-l- :-~~-~--f-:-gti~--l: ~~-~ 
165 o.o o.o o.~ 5.6 -2.8 1.4 o.o 2.642 2.642 2.1o4 2.418 _ o.9o1 o.942 o.&~o - ~ 

• l 

Table 20 ~: (Continued) 
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--·-o-.4iTv ·suM•·iARVDFffUNDFF- ,fr1D -EROSTt.fN--F orC YEA-fC i 9-39 - . 
· PRECIP 1TATIQN(~11·1l TE"'1?ERATURE( 'C)AVAILABLE I~ OISTURE(MMI ~UNOFF(MMI SOIL LOSSITONS' 

DAY rt.AIN SNOW TJTAL MAX MI'J AVG RAlN SNOW TOTAL SI Mu l OBSER SI ~ Ull OBSER SH 1Ul2 
166 _ . ____ o. 2.5. ___ o. 7 6_ 1. 02 _ _ 3._. 3 _ _ .:::.1. 1 __ 1. L .. 0 •. 25.4 ____ 1. 39 3 __ ______ _ 1.64 7 2. 243 ___ 1. 953 ____ o. 75 5 __ o. 513 ____ _ o. 53 5 __ 
167 o.o . o.o o.o 6.7 o.& 3.6 o.o 4.635 4.635 1.783 2.113 o.so1 1.470 o.753 
168 0.51 ' o.o 0.51 7.8 2.2 ' 5.0 0.508 6.2 _35 6.743 2.662 6.190 1.186 8.200 2.69i . 
169 o.o o.o o.o 13.3 2.2 7.8 o.o 11.166 11.166 3.710 9.985 1.414 29.940 4.!>92 , · 
1 'TO . _____ o. a ____ o. o ____ o. o ___ l7.. z._ ___ 1. 7 ___ .. 9. 4 ..... o . _o _ ____ _ ls. 2 3 a __ __ l5_. 23 a ____ 7 .151 _ _ 12. 672_ L1. 116 __ 54. 6 s o_ 2o. o a o 
171 J.O 0.0 0.0 19.4 5.0 12.2 0.0 · 1 1t.066 14.066 14.368 14.5 2 1 34.122 55.020 32.5::>4- -
172 o.o o.o o.o 19.4 5.& 12.5 o.o 17.811 ' 17.811 14.271 14.03 1 70.365 44.6 8 0 68.610 
173 o.o o.o o.o 20.0 6.1 13.1 o.o 7.046 7.046 13.559 1?..426 i8.860 35.450 16.597 

--.. - l ~~ - ---- --·8: 8---- g: g --- 8:-8-- . ~g :-8--· -~:I-- - l~: 1-.. g: 8-------- g :8--· ------8: 8·-------~ ·:9 r~-~ - ~: 2~ f ... ~ = ~~ ~-- 1 r: ~28---~: 5 ~ ~ 
176 o.o o.o o.o 15.0 6.1 10.6 o.o o .. o o.o 1.191 3.378 0.285 1.491 1. :>?5 
177 o.o ; o.o o.o 8.9 2.2 5.6 o.o o.o o.o . 0. 8 27 2.0 0 4 0.169 0.430 0.~92 
11a o. o _ a. o ___ o. o ___ .lz. L __ -: 1. L ____ s . 6_ o .~ o ____ ___ o_._o __________ o_.o ____ o. s 8L ___ 1. 41 o _ _ o. 1 o 3 _ _ o. 416 o. 2 9 9 

------- 179 ____ .. -o.o-,-- o.o o.o 12.8 -1.1 5 .8 o.o o.o o.o o . 433 t- .OR 2 o.o67- o. z o7--- 0 . 2J6- -
t s o o .o . o.o o.o 13.3 -o.6 6.4 o.o o.o o.o o.3 20 o.1 ao o.o43 o . o6o o.129 . 
181 0.0 , · 0.0 0.0 15.6 3.9 9.7 0.0 0.0 0.0 0.198 0.640 O. ·J21 0.0 2 1 0 . 0 9 7 · 
1 A2 . o.o _ o.o ___ ___ o.o _ _ __ l.6_.L ____ 6.l "' ___ u.t. __ o.o. ____ o.o ________ o.o _ ___ o_ • .l58 _____ o.S38_ o.ots._ o.o z o o.o r6 
183·-----r-·· a . o· · o.o o.o 16.1 1.2 u.1 o.o o.o ·o.o 0.155 o.4ll o.o14 · ·o.o2t - -----·- o. 05 2 ____ _ 

. 184 0.0 0.0 0.0 17.2 3.3 10.3 0.0 0.0 0.0 0.123 0.363 0.010 O.Oll 0. 0 ~3 
185 o.o o.o o.o 11.7 7.2 9.4 . o.o o .. o o.o 0.145 0.300 0.013 0 . 009 0.032 
186 __ _ ___ o. o _ __ o. o ___ o. o. _ ____ 9. 4. __ ~ 1.1_ .. 4. 2 "' o. Q _____ _ o. o ____ _____ o.o_~_o_ .1 so _ __ o. 21!_. c. 0 2 3-~.o. o o.7 .... _ __ o. 0 22 __ ._ 
1 87 0. 0 0 • 0 0. 0 l 0. 0 - 1. 1 '•. 4 0. 0 0 • 0 0. 0 0 .1 4 0 . 0. 1 6 5 . 0 .. 0 l- 2 . 0. c 0 6 0. J 1 3 
188 0.0 0.0 0.0 12.8 -1.7 5.6 0.0 0.0 0.0 0~131 0.178 0.011 0 . 010 O.ll5 
189 o.o ' o.o o.o 16.1 2.2 9.2 o.o o.o o.o 0.124 . 0.157 0.010 0.005 0.012 

_______ 190 : _ _____ a. sl ___ o. o __ ___ .o. st ___ l3. 9_ .. 5. 6 . __ _ 9. 7 _. __ o. so 8 . .. o. o .. _____ ___ o. 5 08 ____ o ~ 119 __ _ o. 114 . ... o. o 1 o _ ___ o •. o 03 ____ o. oo1 
191 ~.o o.o o.o 9.4 3.9 &.7 o.o o.o o.o o.113 0.112 o.oo9 o .oo 3 o.oa1 
192 o.o o.o . o.o 13.9 -0.6 5.7 o.o o.o o.o 0.106 0.114 o.oo s 0.003 0 . ~0 7 
193 ~-0 . . o.o o.o 14.4 2.2 8.3 o.o o.o o.o 0.100 0.086 . 0.007 0.002 0. 00 5 
l ?tL__. a. LL ... 0. 0 __ 8. lJ_· _ 3 •. 9 ___ ~_0. 6_ 1. 7 __ 8 • .12 8 ~-- .0. 0 _____ 8_._1.2.8 ____ 0_.5_06.__ . 0,. 919_ . o. 17 9. __ J) ,.l ~ 0 o .1 '! 5 

-- - - -195 -- o.-o · o.o · o.o 8.9 o.6 . 4.7 . o.o o.o o.o o.t 89 0.422 o . o2t- o. otz--·-· o .. ::~5· ~,---- ... ~ 
196 0. 0 0. 0 0. 0 13 • 3 - 1. l 6. 1 0. 0 .0. 0 0. 0 0 • i 0 9 . 0. 1 8 3 0 . 0 0 8 - 0 .. 0 0 2 · 0. D 1 b 
197 o.o o.o o.o 12.8 2.2 7.5 o.o o .. o o.o Q. !) 98 - 0 .. 0 94 0.00 7 0.001 0. 0 3 5 

-----1~~------ · g:8-----g :·8-- --8:8 -- 1~:t--:: ~: ~ - -- 1~: ~ - 8: g ---· --· g :8 ·--- ----8:-8----- -8 :8ri~ -"--- --8: g~l -- -- 8: g g ~----·8: 8-----5: ggf- -
200 o.o o.o o.o 22.8 7.2 1 5 .0 o.o o.o o.o 0.082 0.033 0.00 5 o.o 0.0 0 1 
201 o.o o.o o.o. ~. 6.7 2.2 9.4 o.o o.o o.o 0.077 0.033 0.005 o.o 0.001 

___ ___ 202 _ ______ o. o _ ___ o. o ______ o. o_ z2.. e _ __ 4. 4 ___ .1.3. o .. _o. o ______ o.o ~- ----- -Q.Q _ ____ o .o I i___o. 033 __ .:...._.o. oo 4.. _ __ o. o. o. ool __ . 
203 o.o o.o o.o ' 23 .. 9 8.3 16.1 o.o o.o . o.o 0.066 0.015 0.004 o.o 0.0:)0 
204 o.o o.o o.o 17.2 8.3 12.8 o.o o.o o.o . 0.061 0.015 0.003 o.o o.ooo 
205 0.76 o.o 0.76 17.8 3.3 10.6 0.762 o.o 0.762 0 .0 5 8 0.015 0.003 o.o 0.0)0 

_ __ ... 206 ___ o.o .... .. o.o __ ___ o.o _______ lo.o _____ 3.3 _____ 6.7 _o.o _ __ ___ o.o _____ o.o ____ ~ o.o53 __ _ o.ots __ o.oo2 _ _ __ o,o ... __ _ o.o:>o 
207 0.0 0.0 0.0 12.2 3.9 !1.1 0.0 0.0 · 0.0 0. 0 4 9 0.043 0.002 0.001 · o~OOl--
208 o.o o.o o.o 21.1 2.8 11.9 o.o . o.o o.o 0.045 0.018 0.002 o.o 0.)00 
2 09 J • U 0 e 0 0 • 0 . 2 6 • 1 1 • 2 16 • 9 Q • 0 0 • 0 0 • 0 0 • 0 41 0 • 0 0 8 0 • 0 0 1 0 • 0 · 0 • 0 

______ 2 1 o _______ o. a _ _ o. o _ __ o_ • __ 0_ 31 , _1 _ _ ..1 _2 ~ 8 _ __ 21 ... 9 __ o. o ___ __ o • o --=- ____ o .• o.:_ __ o_. o 3 a ____ o_. o __ o • __ o o_t __ o_. o o. o 
211 o.o o.o o.o 12.8 o.9 10.8 o.o o.o o.o o.o34 . o.o o.oo1 · o~ ·o tf~ o---
212 o.o o.o o.o zo.o 4.4 12.2 o.o o.o o.o o. ::>3o o.o o.oo1 o.o o.o 
213 o.o o.o . o.o 23.9 4.4 14.2 o.o o.o o.o 0.027 o.o 0.001 o.o o.o 

_ ___ 214 ____ o •. o __ o. o ___ ___ o ._ o _ z 1 . _9_:__ 12._8 __ 18. 3 _ o .• o _______ o. o _______ o _. o_ .... .. o •. o z 4__ .o .. _o __ o_. _oo o __ o. o o._o _ _ ·. 
215 . o.o o.o · o.o 18.9 a.9 13.9 o.o o.o o~o o.ozo o ... o o.ooo o.o . . o.o 

. 216 o.o o.o o.o 20.0 4.4 12.2 o.o o.o o.o o.o17 o.o o.ooo o.o o.:;, 
217 0.0 0.0 0.0 15.0 0.0 7.5 0.0 0.0 0.0 0.014 OoO 0.000 0.0 0.0 

____ 218 ___ _ o._o ____ o .•. o _ __ o~o _ _ l.JL2.___Q,_.o__a_. __ 6__0_. __ o ______ _ o_.Q _ ____Jl_._o ___ o_._o_tl __ o_,_o _ _ o_ .. ..o o •. o o_,_o _____ 
219 o.o o.o o.o lb.1 5.0 10.6 o.o o.o o.o 0 .. 009 o.o o.o o.o o.o . 
220 o.o o.o o.o 22.-8 5.6 14~2 o.o o.o o . o o.oo6 o.o o.o o.o o.o 

Tabl e 20. (Co'ntinued) 



and lower on south slopes [55 mm] as simulated). This snow was melted in 
less than a week under very high soil moisture conditions. Since this 
water year was used to optimize the parameters of the watershed and erosion 
models for the Pitzen watershed the output was more accurate than other 
years. The daily summary of runoff and erosi n for this year is shown in 
Figure 18. 

The entire runoff and erosion period cov red only 44 days, March 16 to 

April 28 (days 167 - 210). Early in the peri d (days 167- 170), the lower 
than recorded soil loss matches the lower tha recorded stream flow. 

Possible frozen ground events in the previous days or less snowmelt simula

tion might be the reason of this. It is note that Zones I and II, which 

are hill-top and southward slope areas, respe tively, are the main overland 
flow and erosion sources in this period. 

After this initial runoff, observed and imulated stream flows match 
each other quite well. Most of the erosion i this period came from Zones 
III (north slope) and IV (lower zone) where t e snow remained longer and 

melted after longer continuous warm days than for the upper zones. However, 
the high overland flow (24.71 mm on Zone IV i day 171) did not cause as 

much erosion as compared to the results of 19 0. The reason would be that 
snowmelt generates a relatively low rate of overland flow. The high stream 
flow with comparatively low soil loss during most years indicates that 
most snowmelt water flows through the subsurface to the channel, therefore 
no significant erosion occurs if snowmelt acts alone. 

3) Water Year 1940 (Table 21) 
This was a much higher than normal precipitation year (630 mm). This 

water year also had high simulated stream flow in the early months. It was 
even worse in terms of monthly and yearly total (Table 11). The deep per
colation loss should be higher than the value optimized (0.02 mm/hour) in 

1939 water year in order to reduce the total annual water yield of the year. 

Even with high precipitation (630 mm), the total stream flow was very low 

but a significant amount of soil was lost from the watershed. This would 

show that most of precipitation was lost to deep percolation, evapotran-

80 
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.DAllY SUMMARY OF RUNOFF AND EROSION FOR YEIIR 1940 

. PRECIPlTATIONlM"') TEMi>ERATURE( •CJ AVAILABLE MOISTUREP.·1 Ml ~IJNOFF(M ~11 SOIL LOSS(TONSl 
; DAY · · RAIN SNOW TOTAL MAX MIN AVG RAIN SNOW TOTAL , SIMUL OBSER SIMIJLl OBSER SI'1UL2 

· ~ 56 o.o o.o o.o 11.s 1.2 . 12.5~0--~-o o.o o._o o.o o_!_o __ · _o. <J ~..Q o.o 
:---s~ o.o--o.o o.o . u.7 4.~~-r o.o o.o ,o.o o-:o o.o o.o o.o 0.-0--· 

58 0. 0 0. 0 0. 0 9. 4 .4. 4 6. 9 0. 0 0. 0 0. 0 0 .o 0. o. 0. 0 0. 0 :) • 0 
. 59 o.o o.o o • .o_ 5.6 -2.2 , 1.1 o.o . o.or: o.o o.o o.o o.o o.o 0 • 0 60 o. o. __ o ~-?. 5 o! 2 5 . 1. 2 1. 1 4. 2 _ ___ o __ !f._o _~_o ~_?.~--0~2.5£._0. o Q. o o_._p o_,_Q 0 ._o_ 

. ......__6L--- o.o (T.o--cr.-o~l-:t~-n~-:-r . o.o o.o o.o o.o o.o o.o o.o o.o · 
-- 62 1. 0 2 0. 0 1 • 0 2. 8 • 9 1. 7 5 • 3 1 • 0 16 0 • 0 1 • 0 16 0 • 0 0. 0 0. 0 0 • 0 0 • 0 
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Table 21. Daily summary of watershed model and soil erosion simu.lation model of the 

Pitzen Watershed during erosion season of the water year 1940. 
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1 u 5 o. o · o .. o o. o 1 o • 6 1. 1 5 • a o • o · o • o , . o • o , 2 • o q 6 · o. 2. 9 1 o • 6 3 9 · . . 1 • 1 2 a o . o ~ 2 
_ _j_B(J 0. o__o_!,p _ __o_._Q_ t2_. !L_Q.Lq __ f)_d__Q _, __ Q _~j_Q ___ ~~~---L·~ 4A __ Q--Ll_!HL _ _o_~l~..Q_,.Dlil. __ J)....t..Q.t .Q_ 

1 ~-11 o. 5 r --o . o o • 5 1~ r;. o . . 2. o a • 9 o • 5 o a o • o . . o ..... u s o • o o o • 1 2 9 a. 1 ~ J o .. iJ L o . 
0 

_ o C) q 
1aa 5.oa o.o 5.oa 10.0 s.o 7 .. 5 5.oao .o.o .s.ogo 1.064· 1.024 l.2 2 •t ·o .a1o 1.

147 · 189 o.o o.o o.o 1s.o ~.8 a.q o.o o .. o o.o , o.537 o.147 o.0 9 1 o.6to o. 011 · 190 2.29~0.0 . 2~29 10.0 5~:6 7.8 2.28{;, 0.0 2 •. 28.6 · 0.478 __ 0_.221 0 _._2j_~- l_,_S_J_O 0.161 
-~ Ci L 2. o'1 o.o~. rr-TT;-J----o. r 1 o . u---z:o 3'2 o. o 2. en z-o:J<r2 o:rott0. 21t o ~o. 1 ') o-o:t 7 3-

, 1 q 2 9. 6 8 0 • 0 9. 6 8 8 • 9 4. 4 ' 6 • 7 9 • 6 8 0 0 • 0 9 • 6 8 0 . . 2 • 5 3 ? 2. C) 2 1 7 • 5 2 4 55 • 1 0 0 ' 7 • 4 2 2 
1 q 3 o. 0 0 • 0 0 • 0 l 2 • 8 1. 7 1 • 2 0 • 0 0 • 0 0 • 0 l • 3 9 ~ 0 • 2 19 0. 3 6 3 . l • 1 2 0 ' 0 . 0 2 _\ 

· 1Q4 o.o o.o o.o ts.o 1.1 8...!...3 o_!_o_ o.o o .. o _ _ 0.4Q_9 . o.0 99 · o.oez o.o o .. ::o6 
- 1,15 a;n--o~u--o.·a 21.1 6:t--rJ.9---o.u , o .. o o.o . o-:-zt1a----u--;-un--u·.-~t>-a---n-:u----.--n-~Tllll-

196 o.o · o.o o.o zo.o o.9 14.4 o.o o.o o.o · 0.4'tl o.o3s ·o.J')8 o.o o.o01 
191 o.o o.o o.o 13.9 5.:1 9.4 o.o o.o o.o 0.337 o.ozs u. ·J46 c.o 

0
•
100 . l<)A o.o o.o o.o 12.2_·_ 4_!4 8.!_3 o.o o.o o._o __ 0.239 o.o1e . o.02s o.o o.n()o 

--rqq- o.o o.o--:--o-;.o 13:-9 o.-u--o.-cr-o-;-u o.o o.o -u.-Ira o.crcrr-cr~-orcr---~ .. o-;,:y-----u.'J·-·---
2oo o.o o.o . o.o te.3 6.1 12.2 o.o o.o o.o o.15s o.oos o.~ts o.o o.o · 
201 o.o o.o · o.o 16.1 7.8 11.9 o.q o.o 0.0 . o.123 - · o.aJa . o. rno o.o o.o 
202 · o.5t o.o o.5i 16.7 5!.._o __ lO..!......~- o .. .L~QB o.o o • .so3 o.l6l · o.o o-~=Ja . o.o 

0
•

242 ~-.2c:n---o~-o-o.o--o-.-o--r3-:-3~. l> '"9. 4 ~.o o .o lf:1J o .rtt~o-:-o---o--:-o ·n--c-:o----0---: 0~-
z 0 !~ 0 • 0 0 • 0 0 • 0 1 5 • 6 l. 1 8 • 3 0 • 0 0 • 0 0 • 0 0 • 1 3 5 0 • 0 0 • f) l 2 0 • 0 0 • 0 
2 o5 · o. a o ~ o o. o 1 a. q 4. 4 11. 1 o. o o. o . o. o o .1 21 o. o o • . J 1 1 o. o 

0
• 

0 206 13.21 o.o 13.21 7.8 4.4 6.1 13.208 o .. o 13.20_8 . 0-741 0.1'>0 0. 765 . 0.030 0.6:)3 ----zor 't;-os-a.o 4.o6 r;;.9 3.9 a.9--zt;lJ64 o;-o 4.-o-u. I.22'J o:-z2r-o-;-rz~-q o.o-3·a--u-~7t5r-
2oa 5.08 0.0 5.0H 12.8 4.4 8.6 5.080 0.0 5.080 . 0.6B5 0.3 2 3 1.280 4.AOO 

1
.llO 

2 09 0. 0 0. 0 0. 0 . 13 • 9 ~. l 10 • 0 0. 0 0. 0 0 • 0 ' 0 • 8 52 0. 0 71 0. 1 9 2 0. 0 1 0 0. 0 0 3 
210 . o.o o.o o.o 12.8 s!_o A~9 o.o _ __ o~o o._o _ 0.427 o.on o.065 · 3.ooo 

0
•

0 - 2Tl--.- 3-;.--al--O.O . _ 3--;lfl · II.t-----s-.o-a.T-r.-ETO ~0 3.8[0 -u~-. o~--079 ·-u~ ·5Dr:r-v.o O.Js·g-
212 · o.o o.o . · o.o · 11.1 1.~ .. 6.4 o.o o.o o.o o.350 o.o:Js . o.049 o.a 

0
•

0 
· 

213 7.37 0.0 7.37 . 9.4 0.6 5.0 7.366 0.0 7.366 0.944 0.2 8 4 2.0A7 0.0 1.827 
214 0.0 Q.O 0.0 22...!...2 5 .. 6 1_3~_9 _Jh ... O · __ 0...!...0 0.0 1.4_78 0...!.....04l O.J_c~1 0•900 o.o:n 

---2-15 . 4.-o~o .o 4. 0~22 .s--rr.r-IG".(} 4. 067t o.o ~~~.94 o. 03d-:-T.1(}6 o-:o o.lisa.-
216 · 0.0 0.0 0.0 15.0 3.3 · 9. 2 . 0.0 0.0 u.O 0.~ 75 0.015 0.187 0.0 O.O:)Q 
217 7.11 o.o 7.11 13.3 1!"8 .10.6 7.112 o.o · 7 .. 112 1.'811 0.503 4.880 2.00!1 4.·205 
21a o.o o.o o.o 11.1 3.3 7.5 o .. o _ o.o o.o 1.'522 o.o15 o.4o7 o.aoo o.o:>o - :zT?----o.o o;o o.o rs.o 2.a a.q o-;n- o.o o.o o.s2o o.ooz o.oet 1J.1r CJ:1l 
220 o.o . o.o o.o 11.a s.6 11.1 . o.o o.o o.o o .• 37t · o.o o.o53 o.o 

0
•

0 

Table 21. (Continued) 



spiration or soil moisture. High intensity rainfall and snowmelt on wet 
or frozen soil condition could cause overland flow and the high soil loss. 
The following days were selected for further discussion. 

a) Days 148 - 151 (February 25 - February 28 ) 
The stream flow simulation was good for this period but lower soil 

loss was computed by the model than was actually observed. This might be 
caused by little or no overland flow simulated on Zone IV, since all the 

overland flow and upland soil loss cascade to the alluvium. None of the 
days show simulated overland flow on this zone except a low amount (0.27 mm) 
in February 25. This shows that most of the stream flow was simulated as 
subsurface flow. 

b) Day 154 (March 2) 
The stream flow was simulated a little higher than the observed but 

the simulated soil loss is very close to the recorded. The calculated 
overland flow is 6.41 mm on zone IV (Table 18). 

c) Day 159 (March 7) 
The actual water yield is higher than the simulated stream flow. The 

lower observed soil loss than the estimated would show that the erosion 
model estimated soil loss inaccurately because of the high overland flow 
on Zone IV (Table 18). But the erosion simulation of this day is relatively 
accurate. 

d) Days 177 and 178 (March 25 and March 26) 
The actual streamflow for three days is lower than the simulated, but 

the observed soil loss is much higher than simulated. A high intensity of 
rainfall (84 mm/hour) in a two-minute duration was observed during day 177. 
This might cause the high actual soil loss in the day. If the record is 
correct there might be some other sources of the soil erosion such as 

channel bank collapsing or gully head cut which cannot be estimated by the 

model. 
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e) Days 191 and 192 (April 7 and April 8) 
The simulated soil loss for these days is significantly lower than the 

observed, however, the stream flow simulation is good. No overland flow 
was obtained from the watershed model (Table 18). The seeped water from 

upper shallow soil layer to rills was the only erosive water of the upland 
erosion. This condition is also seen in the days 148 - 151 and 184. The 
overland flow seems to be the main cause of the soil loss in this period. 

However, the simulated stream flow was only from subsurface flow which is 
not counted in the erosion model except small amounts of seepage to rills. 
If the later is increased, the results can be improved. 
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CHAPTER VI 
CONCLUSIONS AND RECOMMENDATIONS 

A. Conclusions 

The following conclusions were drawn from the results of the testing 

of the watershed erosion model. 

1) It is difficult to calibrate the erosion model unless the watershed 

model reliably simulates overland flow. This is mainly related to overland 
and subsurface flow routing and cascading, moisture excess on surface, snow
melt, snow-rain determination and frozen ground events. 

2) Temperature distribution during the day is important to the snowmelt 
effect on runoff and erosion during a period when frontal movement is the 
more dominant temperature controlling factor than direct solar energy. If 

the timing of maximum and minimum temperatures were known and used for 
estimating the break-point time temperature it would improve the snowmelt 
portion of the simulation and, consequently, runoff and erosion simulations. 

3) When snowmelt is the only moisture source it does not cause significant 
upland erosion since the snowmelt rate will barely exceed the infiltration 
rate. Under this condition the overland flow rate is generally low and 
stream flow appears mainly as subsurface flow. However, the combined effect 

of rainfall and snowmelt causes high overland flow and erosion. The effect 
of snowmelt in raising soil moisture is also important since it will 
decrease the infiltration of subsequent rainfall. 

4) The erosion model seems to overestimate upland soil loss when overland 
flow occurs in small amounts. 

5) The record shows that high soil loss does not always accompany high 
stream flow and vice versa. This is explained by the fact that channel 
scour is not a significant source of soil erosion as compared with upland 

erosion from the small test watersheds. 

6) A wet year may have a greater deep percolation rate than a dry year. 
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7) No or little soil is discharged to the stream if no overland flow occurs 
on the last zone or alluvium area ·since only a small or no portion of ·over
land flow and soil loss from an upper zone directly cascades to the stream. 

8) The soil moisture simulation during the dry season is not accurate 

(supposedly higher than actual value). This causes hi gh stream flow to be 
simulated early in the water year when simulated soil moisture at the end 

of the previous water year is used as the initial value. Records in the 
Palouse show soil moisture content reaches to below the wilting point on 

dry hot summer days. 

9) The cost of the combined model was high so that any comprehensive opti

mization of the parameters was prevented ($20-30). Because of this high 
cost, it is not possible to have the usual sensitivity analysis by which 
each parameter is increased and decreased. 

10) The erosion simulation shows where, in terms of zones, soil is eroded 
and deposited. This is useful for erosion control studies and practices. 

The erosion model did not always compute an accurate simulation. There 

are several reasons explaining this. Among others, the complexity of 
natural phenomenon that cause and prevent erosion must be the most signif
cant. It should not be expected to be able to estimate exactly the same 
values as measured since recorded data also includes some error, as well 

as errors in the runoff model. 
This study is the first of this kind in the Palouse area. Even though 

the result is not as good as expected, it is a first generation model and 
will be improved upon as time and manpower become available. It is felt 
that the combined watershed-erosion model is usable as the basis for 
further research both in hydrologic and erosional processes. 
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B. Recommendations 

The following items are recommended for future studies of the runoff 
and erosion model if any further improvement of the simulation is desired: 

1) Snowmelt and snow drift effects on runoff and erosion. 

2) Effect of surface and subsurface frozen soil on runoff and erosion. 

3) Surface infiltration rate and subsurface flow routing. 
4) Overland flow routing and cascading. 

5) Effect of daily temperature distribution on snowmelt and erosion. 

6) Estimation of rill size and distribution on each zone. 
7) Land use change and cultivation effects on erosion and runoff. 

8) Simulation of soil moisture depletion during summer season. 

9) Manual of selecting parameter values, which would be based on: 

a) watershed size and shape, 

b) soil type, 

c) climate and hydrology of a study area and study year, and 

d) crop and cultivation practices. 
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APPENDIX I 

The procedure For Estimating the Surface Roughness Coefficient n 
(Cowan, 1956) 



earth 0.02 

character of cut into rock 0.025 
channel fine gravel no 0.024 

coarse gravel 0.028 

smooth 0.000 

degree of minor 0.005 
irregularity moderate n1 0.010 

severe 0.020 

character of gradually 0.000 
variation of size alternating occasionally n2 0.005 and shape of cross 
sections alternating frequently 0.010-0.015 

negligible 0.000 

relative effect of minor 0.010-0.015 
obstructions appreciable n3 0.020-0.030 

severe 0.040-0.060 

low 0.005-0.010 

vegetation and medium 0.010-0.025 
flow conditions high n4 0.025-0.050 

very high 0.050-0.100 

ratio of meander 1.0 to 1.2 1. 000 
length to 1.2 to 1.5 n5 1.150 straight length 

1.5 and greater 1.300 
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APPENDIX II 

Flow Charts of the Watershed Model (USDAHL) 
and The Erosion Simulation Model (EROS) 



1..0 
N 

convert break 
point time to 
channel routing 
interval time 

MAIN PROGRAM 

calculate channel 
scour erosion 

using simulated 
channel flow 

save monthly 
and yearly 
summaries of 
output 



\.0 
w 

~ 

convert English 
unit data from 
USDAHL-74 model 
to Metric unit 

compute 
crop hei ght 
and cover 

compute 
crop effect 
to erosion 

compute joint 
effect of crop 
and mulch to 

print crop 
and mulch 
factors to 

no 

no 

compute effect 
of snow cover 
and impervious 
area to erosion 

compute 
Manning's n 
of overland 
flow 

compute 
freezing and 
thawing effect 
to erosion 

compute 
drying and 
wetting effec 
to erosion 

no 

drying and 
wetting effect 
is negligible 

compute 
soil loss 
to downslope 
and to strealU 

convert Metric 
unit back to 
English unit fo 
USDAHL-74 model 

., 



1..0 
..,::... compute sedi

ment loaded to 
overland flow 

(SOLD) 

no 

no 

compute flow depth 
effect to reducing 
rainfall impact 
to soil surface 

LOSS 

DEPW = 0.0 
SOLE = 0.0 
DHF = 0.0 

DHR = 0.0 
DEP = 0.0 
TRR = 0.0 
RTRR = 0.0 

compute 
soil particles 
detachment by 
overland flow 

no 

evaluate Yalin's 
method of esti
mating sediment 

transport capacity 

compare sediment 
transport capacity 

and loaded sediment 
of overland flow 

evaluate sediment 
pick-up (PIUP), 
deposit (DPS) and 
transport 

~ 

compute stream 
scouring erosion 
using observed 
stream flow 

no 

no 

SUMRY 

and 

print 
monthly and 
yearly tota 

monthly and 
yearly 
watershed 



APPENDIX III 

Input Data Format For the Soil Erosion Simulation Model 
(SESMO) 



fll 
::t!:::'"CI 

~ INPUT PARAMETERS TO THE SOIL EROSION SIMULATION MODEL (SESMO) 
·~ 

>< u 0 0 I~ 2 3 4 4 5 6 7 ~ 

s~ 1 9 5 3 1 9 7 5 3 
1 DAILY OUTPUT BETWEEN THE FOLLOWING DAYS (2(312,2X) 

MMDDYR MMDDYR 

1 EXPONENTS (10F8.0) 
1 2 3 4 5 6 7 8 9 10 

2 CONSTANTS (10F8.0) 
1 2 3 4 5 6 7 8 9 10 

11 

4 ZONE FACTORS (10F8.0) 
ZONE wws PL LL CLAY MAAR MRILD DRIFT MCDS IMPCV 

4 INITIAL VALUES (10F8.0) 
ZONE SNCV RDS1 IDS1 AARI RILDI 

1 UPLAND SURFACE ROUGHNESS COEFFICIENTS FOR MANNING'S N (10F8.0) 
NO N1 N2 N3 N4 N5 

1 UPLAND PARAME'rERS (10F8. O) 
AX AX1 DEGHR DXTHW OM PRE OS PRE ACCRUN OS RUN 

8 CROP FACTORS (9F8.0) or (9 (2A4)) 
CROP I CROP2 CROP3 CROP4 CROPS ~ROP6 CROP7 CROPS CROP9 

CRPS 
CRMCV 
CRMHT 
xcov 
MULCH 
RESU 
CROP 

.. SBD 
1 CHANN3L FACTORS 

WDTH VP CSL CMANN CORFCT 
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APPENDIX IV 

Input Data Of The Erosion Model For The Thompson Watershed 
In Water Year 1972 



- iNPi}(-·coE'f:fit-1 ENTS-- FOR -- ·rH ~ --SIJf L- (Ffusl ON - S (Mi:il:.\TtbN . :"i iJDEL. Ist:~ ?:lrfl ___ - - ------- - ------ --------

_DAILY EROS[O~ OUTPUT FOR THE OAYS BETWEEN THE ~OLLOWTN~ DAYS WILL BE PRINTE~ 

- ------·--Ho --uA-y CJUL-TAN• YEA~ - --- ---1-!u-·oAv-c JUU .~ Nl YtAR _________ ____ -- - ·--- ---- ------------ --- - ----- -- --------- --· 
fROM 10 1 1 1940 TO 9 30 366 1940 

--------------------
EXPONE~TS FOR THE EROSICN MODE~ 

EXPT 1 EXPT 2. ----.--1-;51}-- ---z;uo EXOT 1 EXPT 4 
2. J~ '2-;'{J'(J 

EXPT 5 _________________________________ ~----------------
2.00 

EXPT 6 ' EXPT 1 EXPT a EXPT q EXPT 10 
______ 1~5_Q _____ 2..!_0""'J~---'o,_ .• s0 _1._.._,4'-"0~------"'J ! 0 

COW• T i\Nf.S __ FQR _ __D1_ 1;___~~'1 $ I C_~J - ~Ll_:) El __ --- -- - --------

CONSH CJNS T2 CONST3 C • J i~ST4 CONSTS 
1.000 10.000 0.800 0.100 100.000 

---- - - --cot--f) n,---coN o;lr --· - ·ciTNn a ----ca-r'f~1'9 ______ ccfjs·rnr--coN'S"rn 
0.0 1.000 l.OOJ 1.000 lC~COO 0.00025 

---zJ-..-rr~c TOR_S__ ___ _ ______ _ -------- ---·--- --- -
z 0 !'-l E W W S I % I P L1 :'; l L L( :f) C L A V ( ~ I M A A R I 't S M R I L D I ~ M I r. R I FT ( ~ '1/ H R I MC ~ S IT I H E C I H R I r '1 P '.:: V ! ~ I 

t 5 \).Q 'iJ. 1J 40.0 ?.0.0 10.0 50 . 00 J.O lJ.O ).J 

----- ~ --------~8:·8- -----j8: -3--·--4-8-: -8----~-3:-8----i~;8~-8 -:-g~ -----.8-:-8--------3 :-8:------- 5:-3--
4 so.c Jo.o '•lJ.o l5.o 10.0 soo.oo a.o o.o J.J 

- s)·k r~! r-1N rrnL- vn--urr----- - --
zoNr: S:'-,JW COV[f\ DET.t'ICHI-!Et!T STCJRAGE lT/HECI INITIAL RrLLS 

(1: ' J lULL !NHRfUll OIST'NI~l OI:PTHU>~ l . 

---~ --- ---- - ---- g:--8 -------· --·- -8-;-g-- ---- ---8 :-8--,----- ------8 ~8--- .g- :-~ - --------------------
3 ' v.O 0 .0 0.•) 0 .0 C. ·J 
4 o.o o.o o.o 0.0 o.o 

------------ ------------

MANNING'S ROUGHNESS CO~FFJCIHITS 
------- 'Na ·- -----:-"Nr-----Nz------r:JJ ____ --"Nr;------~----- --------- - ------------- ----

o.o2o o.ozo o.oto o.o3o o.ozo t.zoo 

---~l~E- ~ ---~~g~FJ~ l E_~lS_~~~CJ Tl_lgE-~~~ c;--!·0 f2 b~~~?-- ~~t~~F-=H nuR--nXTHI-7~ -T:-)0-- •·c--·---- . ------- - - -- ---------- --
PRECIPTfAH Cl ~ BETW EE 'J ClCT Of1 F.R THPLlt! G--, E' ID OF EqCS i l) SE~SJN = 3 SC .OJ M"' 
TO TAL PP f.CH'!T i\l lH< IYI STA K. Tl \J(, D.\Y !>FT ~Q. OC Tr: l :::t<. 1 S T::: J. O ,v. l-! 
ACCU "iULATED · s TR.EAI-1 'FLOW - AE TWFEN OCT CP,E Q_ - -Tf-i1.CU 1~ t l T •1 E .EN11 .LJF._ERQ S f C I\ SE A SJ~=-·---c-J:-o:rl4W·---------

TOf.'l.l STREAM HOW Otl STARTU-.G DAY AFTER OCT OB C. R 1ST : 0.0 t-iM 

CR OP rACTORS 

CP.OP NAMeS ww 1 

1 MAX. C~Or CCl\lfR 80.(10 80.00 

PEAS 

so.oo 
OATS 

7J.oJ 

NG~.\ S S 

90.0J 

GO< ASS' 

90 .<JO 

sc 
90.00 

. IC RMC Vl (~ PEPCENT 
__2-_ _11A.l\4 __ CR C~P HE l GH T__ _ _ _ _ _Q_,_8_Q _______ Q._8_{) ____ Q_.50 _ __ Q_s_a_Q__ __ . Q_ ,_l_,')_ _ ___Q_.__}__..._O _____ _..OCA._...?...,.O'--_ 

I ( f< M H T ·I 1 N M E TE R S 
3 THE ' WEEK WHEN C R ~CV 41.0 41.0 ' 0.0 45.0 45.0 o.o o .• o 

IS t-1EASU~ E D £N WEEK 
4 MULCHES APPL 1 ED S. DO 5 00 . '5~QQ_-----·r •JN SIHEC TARE -- - - - --- --- - • --~~ 
5 RES I DUE CO\IlJ IT ION PLOI-1 PLOW PLOW 

7.00 5.0_9 __ _ _ 1 o. o o· l .oo 
PLOW PLO..I STAN S T A'l 

PLO~EDt STANDlNG OR NOTILL ? 
1.. KI~Jfl oF CRJP . .-: ! NT · wrNT PERc 

_y _ _ W fN T E ff;- -s P ~- fNG-;-1> ERTN!'J1TLJR - 1:,-FtfM'ANt~l ~-'------' 
· 7 SPRING BREAK OF 2-'t.O 24.0 O.C 

SPRI SP ~l_ ____ PfP .'-1 p~~ 

o.o o.o o.o · o.o 
DORMANCY IN WEEK 

P~INT CHANNEL CCEFFIC[ENTS FOR EROSI ON HODEL 

---~-..!'- r ()TTEHl"i~~t:c----~L?_C:~-t!~b.N U!G ~-s-~---r f'C ME " ,.., ;) L. I . >~ ... ·- ---;--- --------· 
/ 1.00 0.30 2.50 0.03 

___ CORREC_T .tNG __ J:_4(T01LQf C,ONSI__A_NT_ l_O_ F_(lR _C.~i~WlEl SC.DU.B lliG_ E_lillS_l_QN_ _ _ __ _ 
SIMULAflUN USI N,G __ OHStkVED S fR~\~ (LC~ = 20 .00 . 
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APPENDIX V 

Input Data and Sample Print of Computer Output 

For The Pitzen Watershed in Water Year 1940 



_, 

~ · 

~· 

...., 

_, 

_, 

-
...... 1-' 

..... 

.... 

..... 

...... 

...... 

..... 

,.,. 

..... 

~ 

0 
0 

"' 
· U~IVEPSITY OF IDAHO VERSIO~ CF USDAHL MODEL OF WATERSrEC HYCROLOGY 

------ ··--·---- ------------------- ·-------

OPTIONS OF T~E CFEPAllCN 

REVISED BY KVUNG HAK YCC, 1q77 
-- - ····--- ·--- DEPART ME NT OF AGR I Ct.:L TLi RAL --ENG IT\ EE R HiG - - -- --- - - ·---·- ---- - ---- - ---- ·· 

UNIVERSITY OF ICAHC, ~OSCOW 

. OPTION 1 = 0--- PRI~T FCLLLTICN STLOY INFCR~ATICN --:--OPTION -2 -:- 1::.~::.-·· c ALC Ul ATE STATISTICAl CCfil FAR I SON ___ ____ .. ________ - - ------- --
; · · oPTION 3 = 1--- FLCT GRAP~ICAL CCMFARISCN · --- --- ------------- ---- ---- - - --·-- - - --~ - -- -· --- -· · ····-· 

! OPTION 4 : 1--- SI~ULA1E ERCSIC~ PREDICTICN 
__ _____ Oe_TI_PN . 2_ __ :=_ 1_-:=-.-: .. J~_8.1HL_~_EJ ~_I ~ _EC .. fRO S I ON . S ll~U LATJ CN __ ()t;'T~J,f~------- _____ ---·-- ______ .... __ 

-------·-- · ----- - - ---- ------ -- - --- · -- -. 

UOI VERSION CF USOAHL74 ~ATERS~ED rYDROLCGY ~COEL AND ERCSICN ~OOEL 
__ ___ f?_I_J ZEN __ WA. I_ER.,_~ 1-:_E C __ !\ _E_} J3. ... ~CS(J) , ___ I C AHO ! N_J9 ~C __ \I_AT _E R __ Y ~}-~ ------ -----· - _ ... 

INDEX TE~PERATLRE TO CC~T~Cl T~E C~ITICAL-VALUES 
SNOW FREEZI~G MELT ET TIME OF MAX TE~F TIME OF MIN TEMP 

---- - --·--2. so • c · ·;;_ ~. cc 'c ---- ---r. c c • c ··· --'1 ~oo • c -- .. -- ·-- ·- ----- -ts. co -·----------- -- -----·- -- 4 · ~- c c -·-- -- --------

STORM HYDROGRAP~S ~ILL eE FRI~TEC FCR T~E FCLLOhiNG CATES: · ·-·- ·· MODAY '(JULIAtd YR ... . ----.- -- -- --- ·-·--· ··· ·------- ·---· 
2 6 12s 4C 3 1 15~ 40 3 a 
3 31 1€3 40 g 17 353 40 9 18 160 

354 
40 
40 

3 25 

~ATERSHED PARA~ETERS 
·-·--- - --~ - ~---· - ·- --------·--·- ·· -~---~- - -~------ --- -----~-- - --·-

177 40 

HECTARES= 5~.4 ~L~BER OF ZONES = 4.0 RTG CCEFF: TOTAL= 5.0 ABOVE ~EIR= 5.0 NUMBER OF CROPS= 7.0 

:- -- - -------DEEP 'GROIJNO -·WIATER--RECHARGE= ---o.CZOOMP-'/HR .. ____ CCES LANo--usE - Cl-iANGE? ·ves-·--------ooES YEARLY - TILLAGE CHAf\GE? YES -

PRINT SNOh~ELT CCEFFICIENl~ --- -- . ZONE . -- · cEGSLF -· - - CE(SI~ - ·-
1 .ccicccc .c~ccccc 
2 .C1CCCCC .CcCCCCC 
3 .CCC2CCC .CC5CCCC 

A · - -.cccsccc ··- .c2ccccc 

GENERAL ZONE PARA~ETE~S 
. --- ·zoNE - -- ---k/S ~ . LEI\GTHtMI 

1 22.~ ac.o 
2 3S.C 15C.C 

- 3 -- - - --· 2 3 • e -------·-· - --1 c c • c 
4 14.E 40.0 

---- SOIL PARAMETERS ·- --- ------ ·· -- --- - ---

SLOFE% 
a.cc 

15.CC 
20.CC s.cc 

- --.- ------·· ---- ----~ ··-·- ···---- -- ._ ______ -·~-- -- - --- - ----- -- ------- - - - ~-- - -- --- -------- ------- -- -·- -----

- .•. -·· ------- - --- -· ------ - -- - - -·· - ------ - · ···- ------- -- - ·- . --- --- ------ ·- · ... 

- FC{~M/~R) 

1. ceo o.aoo 
2.000 
1.500 

- [PTH - TOP(~MJ AERATED DPTH{MMl -WPlt ~-- ~P2~ 

·2 0 0. 0 1 50 0 • 0 16. 7 0 2 2 • 2 0 
200.0 120C.O 15.80 21.30 
250.0 . -------- ·- ' 1200.0 - --- .. "15.80 - 21.30 
300.0 1500.0 16.70 22.20 

- -- -·· ---~- - - -- --ZONE t G1 ~ A~Cl 
1 21.7 1~.7 

~ A SM l ~ CRAK1 t G2 ~ AWC2 % ASM2 % CRAK2 1. 5 
2 17.4 1S.2 
3 - . - - - 1 7. 4 - -- ... 1 <;. 2 
4 21.7 tc.7 

6.CO 7.5 15.4 6.3 6.00 3.8 t.OO 4.q 18.6 7.6 6.00 3.6 ·-·· · t.OO ··-·--·- .. 4·. <; ··· ta.6 - - .. a. 4 6.00 1.8 t.OO 7.5 15.4 9.5 6.00 

1•, • r.l .. 
/' \ 4 - ~ · - ·. ; t.:: ( "'-:· 1\ j • . \ . ' • ,- 1 • r·. 

, r' . . · 

. I N I T I A L - - .. 
SNOwtf.J""I o.o 

o.c -o.c --
o.o 

.. . ./ 

_) 

.) 

_) 

.. ) 

. .J 

_ _) 

...) 

J 

J 

,,.) 

...) 

J 

...) 

J 

J 

J 

J 

J 

J 

J 

..) 



...... 
0 
...... 

ROUTING PARAMETERS 
CHANNEL ROU) lNG DELTA TIME ::: O.SOOHR . CHANNEL COEFF., 0 • 3 J H [ N l T [ AL S Tl~ E-\ '-' Fl 0 = 0.0 M"'/HR 

sbhSURFACE P~RA~S 
REGIME Q-MAX(MM/HR) COEFFIC1ENTlHRI 

l 0.66000 1.59 
2 0.22900 6.59 
3 0.13700 47.68 

________ , ______ __o_,_Q_25_'i..Q ________ .l_OJ_. _Q\.L_ _______________ ~------------

COEFFIClENTS AND MAXIMUM O'S PROPORTIO~ED TC lJ~ES ACCCQDING TO TOPS O IL OEOTH 
_li_E_~_ ~f:; ______ 'i_l:-5~:-s-H 96 0- ---------~2s6·-- ----s? zHt ld------~-6:~,--n~~-J~nz Ml:t) 4&~~~'31 

2 l9.77 1.658<J9l 30.o7 1.222 6 5] 8.56 S.54fi7•J4 1.:..57 4.11 '3432 
3 47.6::! o.nnzo 47.6~ o. u ?0 '3 5f> 47.6B o.l ')l',n 47.fd o.n nH 

---~---------7Q.Q , 02_ ___ Q~_Q 25 8 L 2_ _______ !_00, QL ___ O • 0 lo tH5 ___ __l_O_Q o. .O·J.. _____Q .-'12...ill.5 QJ .il.:l_____D ... _J _tt3.J L9_ 

CASCADING PARA"!ETERS 
__l_(;t-; E ___ _l_..lil~~U_l.Q~!_L____P. ~<> T _ _(~JlfS _T C_L_ _ __ ______ -----~---

~ ~:J z~~Eu~75~E · · · 
3 <J5. 0 C HAI'-lNEl 

__ UOQ~ _OE--All.U 1Llur·LUO! ! LA.L.EUL.GDE.S. . ....J.O_(.HM:~NELL _ 
ndASEFLO DIVE R TED FROM AI.LUV!U •''= O.ul 

T -H-E--s8rr-P AR.1M-ETERS IN MM 
l Of\i E LAYER G{M .'-11 AWC(MMI ·sa CRAC:\ ING Clt~ •"' /HP.) TOP !J (nl ! SOILOO~~I 

l L 2<1.8 8 J 3J.060 57. 2 40 1 0 .800 L.67CJO L10.00 - 1000.00 
-----~--...}2 ,_8 00 __ _.:_113..._000 __ 1 O_lt._i 4 0 ___ _!jq_. 2Q0 ____ .0 .1 592 - -----------------

3 6.638 o.o 6.63 8 o.o 0.045d . 
4 1e.o6B o.o 18.068 o.o o.ozoo 

2 1 I9.5oo zq.zso 43.o5 o q.oao 1.2427 15o.oo 9oo.oo 
2.____J_ 7 .._50 O____j_~ '>. 0 QQ__J_l5. 50 Q ___ __!t c; * OQ ;) ___ _ 0 _. U 0..':! -------------------· 3 4.Dz -u.-a · . 4. ::3z o.o o.u36:3 
4 tt.7 •H :1.0 tt.791 o.o o.J2o-J 

3 1 32 .5 CO 4 3 .750 72.250 .15.0-:J.:J 5.56 37 250.00 1200.0() 
____z ~ 1 ~ un___u_L._o Q_Q__LJ 13. ruo______5_7 . _ooo _ __ o_ • .LU ------------

---- 3- - ·1. i2o n.v 1.22 0 o .o o.0 1•Bt 
4 19.652 . o.o 19. 65 2 o.o 0.0 200 

4 1 49.80 0 50.100 94. 508 18.000 4.t3~4 300.00 1500.00 
______ _l _ _ 9._oj__. _OQ_Q _ _2j_5,._:t_2_2__1(;}2~48Q __ J(__L-QQQ ___ Q,_2 j 2._0 _____________________ _ 

3 ll.Od 0.0 11.061 0.0 O.O f13 0 
4 .30.113 o.o 30.113 o.o 0.0 2 00 

LAND USE PARAMEfERS 
. \ 

______ . ____________ t;j-jL__ ___ ___wg_ . _______ f?_E AS _____ 0!\T S - -- ----~':I. Gr /IS.5 ___ .... 
A VfiLUES 0.20 0.2 0 0. ?0 0.20 u.q:l 0.50 
C R 0 P V 0 1 • 2 7 M ~~ 1 • 2 I 1-' "' l • 2 n 1 M l • 2 1M M 2 • '5 4 i'! ~ 2 • 54 M lot 
E TE P 1 • 50 1 • 5 0 1 • 3 0 l. 3 0 l • 51) 1 • 50 1 • 5 C 

__ . _R_OOT _QEPJ~OO....L.:g.:Jl'!.M ____lj_OQ._t)Q~"'__l.l_S-)_QJ_l,)()M~2..G.0_._ ..01~_M___l_QC_J_,0 ')..:": ~---ZJLQ2,_i)_Q"i_'i__2..0.0_Q..J10*''1-t;M,..._ ______ ---:_· 
u p p E R T E "' p 3 4 • 0 I r J ... 0 I )I c . 3 2 • (l 0 I ~ ) 2 • 0 0 I c 3 ., • (' 0 I L 3 5 • o} 0 I c 3 5 • 0 u I c 
LOWER TE"tP t.oo•c 1.oo•c t.oo•c t.oo•c 1.oo•c · 1.oo•c t.oo•c 

TllloHE ·~(LL RE Q.EO YEfiRLY. 

CROP t GRAZING 

W~H 0 

--\~B 

P
4
'EAS 

0 

0 

OATS 0 

~BA~S 0 

GRASS 0 

TILLAGE PRACT[CES 

. .C.'JL 10 540 PI,_LLQl.Q~:) _ ___il~!L_:~l5.!t.O P LO 9 l'!Q_______cu,._L_-<-q..Ll"'---54..!..0"'--------------

CUL 10 140 

PLO 10 140 

Pl.O 10 140 

NON_f __ _ 

CUL 51040 

PLA 1Ql040 ' HAR 81040 

~~- l 4 140 CUL 41540 CUL 5 140 CUL 51040 

CUL 4 140 CUL 41540 CUL 5 ·140 PLA 51540 

CUL . 71040 CUL .91040 

PU 5!54-J 

H.\R 91.::>40 

H .\0 91040 

sc 0 _____ ..:_P~L 0 61 54_ Q. _ __ QJ L _ ___l_l_?~_Q____g.J_l __ 8 ~ ?!_t_Q__~ ~1 5 40 ___ _ 
----'--------------



_, 

L4NO USE FOR YEAR 1940. FOLLOWS. IF A ZONE IS NCT MENrl CNE O, VALUES OF P~ ::vlOIJS Y~ hR ;\'H ASSU~·!E9 • 

ZO~E 1 WWl = 17. 5':1: WB 2. 7 t Pt;.\S 53.7':. . OATS :: 25.9": ~ G RASS .: 0.0'!: GR.\5'i = 0.2:! 
c = 0&;. 

ZO~E 2 ww l = 22. 6 t WB 
sc = 8.1:: 

l3.3t .PEAS 27.0t OATS 27.81: NGRASS . = q.o~ GRASS = l. 2 % 

- n)Nr 3 ww l. = 46.21. WB 6.1: PEAS 41.61: OATS 0. 0~ NGRASS = o.t" GRASS -: 0.3 ~ 
sc = 5.a 

lO~ 4 loiW_L = 50_._9·~ ~8 = s~_i_t_H AS - -- ---s-c = 2 • 0% 
- 1 • 9 'L__QAL5.__---=._.2_..!L'L _ _!i(.i3A S S . = 4 • 0 t G R AS S -= 3 1 • b ! 

PAN EVAPORATION FOR YEAR 1940 FOLLOWS fMM/DAYt 

----w·EEK 1 2.896 2.4b4 2.032 1. 60 1~ 

WEEK 5 1. 06 7 1.067 1.06 7 l. C6 7 

--WEE~ 9 l. 067 0.406 o.:.o6 u.4o6 
' 

W~EK 13 0.406 0.406 0.4 06 0.'t06 

WEE< 17 0.406 0.6'i6 0.686 0.636 

WET< 21 0.686 L.65l. 1~651 1.651 

WEEK 25 1. 651 L. 65 l 3.734 2.236 

WE~K 29 3.150 2.540 1.727 3.810 

WEEK 33 3.251 6. 020 3.8R6 4.343 
1-' 

WEEK 31 1. 620 6.85A 0 7. 89Q 5.918 
N ·- - wElT- -41 6.960 5.359 4~826 4.674 

WEEK 45 . 6.096 5.232 6.756 5.156 

~c-cK 49 4.166 3.226 2. l34 2. 6q 2 

.· 



I-' 
0 
(....) 

.. ; :; .;, r..~: Gl CURVES 
WEEK T~MPC'C) __ __ WHl WB PEAS OATS NGRASS GRASS SC 

-----'l;:r-·-., 0. 8 1 . .· 0. 21 0. 21 1. 0 0 1 • 0 0 0. _23-~~-.! 2 3 c. 2:r.3r-----
, 2 r2~"L4 o;to o.1o o.,.s o.7s o. :J. u.J3 · .c.33 

3 ld.72 0.12 0.12 0.10 o.to -o.zq o.zq -c.zq 
4 6.63 ~ o.14 o.14 o.1o o.-to o.11 0.11 0.11 

-----45:..__*6~. 79 o. 15 o. 1'5 o. 10 o. 10 c. 17 o .. 17 c. u 
. 6 . s. 99 o~! s o:n o·~- r -o o-;-to o .Ts o. 15 c. 1 s 

1 ·a.o6 o.t9 o.t9 o.1o o.1o - c.21 0.21 c.zt 
a ·a.53 o.22 - o.2z o.to o.1o o.zz o.22 c.22 

----~~9~-~6.31 0.17 0.17 -0.10 0.10 0.16 0.16 C.1~~---l o r .-s-a o. £! o a. za o-:1 o a;To a··~-F1 o-;19· o· :-r9 
ll 5.00 0 • . 12 0.12 0.10 0.10 0.12 0.12 0.12 
1 2 2 • 1 8 0. 1 C 0. l 0 0 • 1 .0 0 • L 0 0 • L 0 0 • 1 0 C • l 0 

_ __;. _ _ {~~:~1~ 8-;-l-8 8: tB-· --%:-t-g g-!-lg 8:+8- --· 8-!-l-8----8~-l-8---
15 · -2.70 0.10 . 0.10 0.10 0.10 0.10 O.l'J 0.10 
1& -1.75 o.1o o.1o o.1o o.lo o.1o o.to c.to 
11 -3.73 o.to o.1o o.to o.1o o.lJ o.1o c.to · · nr---,-;t·r o. 1o o. ro c.-t-o o-~~.o o~1o a.-To c. py--
19 J.73 o.1o o.to o.1o o·.to o.1o o.to c.1o 
20 1.47 o.1o • o.to o.to o.to o.1o o.to o.to 

_;_,.. ___ __ Zl __ l •. l9_ o. LQ _ __ ....:J). __ l_Q ____ O._LQ . O .. J..O Q_,j_Q O_. __ LO Q_ • .LO. _ ___:_ 
22 5.9<) o.ts o.1s o.to o.to o.15 o.t5 o.1s 
23 4.09 o.1o o~to - 0.10 0.10 · o.to o.to o.to . 
24 4.8o o.12 0.12 o.to o.1o o.tt 0.11 o.u 

---~z~_.5~ o.!'J...J o..!-2.3 o_._l_o o_._tQ o. 2.2 o_._?..z o L2.~z __ 
26 8.97 o.24 o.Z4 o.to o.1o c.2 .1 0•2 :3 o.23 
21 7.46 o.2o o.2o o.tq o.t9 o.19 o.19 o.l9 
20 9.76 0.27 0.27 0.28 0.28 0.26 0.26 C.26 
2..9 __ . _9L.tia o.-!..21 o. 21 o •. ?.~ 0-'26 . o._2_9 ___ o_!_l_o_ · __ Q.!..2.Q_ '_ · 
30 8.93 0.24 0.24 0.26 0.26 0.23 0.23 0.23 
3 l 10. 0 0 : o. 2 7 , 0. 27 0. 2 6 0. 2 6 0. 2 6 . 0. 2 6 . 0. 2 6 
32 13.65 0.38 I 0 ~ 39 0.)7 0.41 0.37 0.33 C.37 

-----;;;j~---1~=-t~ .. 8:~ 8:· ·~-~ §;- l-~ 8:-i-~ 8-:--~1 §:t~ §: ~--;---
35 14.05 ·0.40 0.40 0.22 · 0.22 0.38 0.3R . 0.3A 
36 12.94 • 0.36 0.36 0.28 0.28 0.35 0.3~ 0.35 

-~~-;~l-----}_~!_ 2 9 04~ o.!-z1-5 o_~_4 ____ o_~ _44 a_. 5_~ Q~ _ 5_4 l_._o_o __ ·_ 
38 Lfl.•J3 o.?.. o.:J4 o.~z o.52 o.53 -0.53 o.75 
39 19.60 o.56 o.56 o.58 - 0.59 o.55 J.5~ c.1o 
It 0 2 0. 9 5 0. 6 0 0. 6 0 0. 6 4 0. 6 '• 0 • 59 0 • 59 c. l 0 

-----i2 ~~-a-;-~~ 8:-ti 8-: ~r g~-~-t 8-:-~~ 8: ~- s §-!-§-~ . 8-~ -~-~--
43 18.65 0.53 0.53 0.57 0.57 0.52 0.52 c.52 
44 16.79 0.48 0.4R 0.51 0.51 0.46 0~46 0.46 

-----~___J9.sa o.57 o.11 o.~t o.6t o.s6 o.sb Q.56 
46 rs-~ -57 o~-r6 o. 2o . o. s-7 -o-;-s7 ,r;·sz u-:-s-2 a~47 __ _ 
47 ' 20.12 0.26 . 0.42 . 0.62 . 0.62 ·- 0.56 0.56 0.56 

. 48 18.73 .o.4o o.51 o.5 -, · o.57 o.s2 o.s2 o.52 
_.._ ___ ~..9_1.5. • ...6_o · . t • ...o.o o_,_"_4_-___ o__._v_ o..JLu · o .. !t..3 o _ _._u o. 4.3. 

50 2 0. 56 0. 75 . . 0. 59 . 0. 1 9 0. 19 0 ._s 8 0 • 52 0. 58 
51 13.81 0.35 0.39 0.25 0.25 Oe3d 0.38 0.34 
52 15.68 0.44 0.44 0.36 0.36 0.43 0.43 0.43 

f 

' .! 
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INPUT COEFF[CIENTS FOR THE SOIL EROSION SIMULATION 1"10DEL {S~SM01 
.-..... ; · 

. DAILY EROSIO~ OUTPUT FOR T~E DAY_s· .BET\-4EEN THE FOLLOWING DAY$- WILL BE PRINTED 

.. MO DAYlJOliANiYEA~ MD DAY { JOLI 1\ 
-- FROM 10 1 1 1940 TO , 9 30 366 1940 

EXPONE~TS FOR THE t:ROSICN MODEL 

EXPT 1 EXPT 2. EX 0 T 3 EXPT 4 EXPT 5 
r.so z.oo 2.00 .. z.oo · 2.00 

EXPT 6' EXPT 1 EXPT 3 EXPT 9 EXPT 10 
1.50 2.00 0.50 1.40 0.0 

CONST/\NTS FOR THE ERDSICN MODEL 

CONST 1 C8NST2 CONST3 C!JNST4 CONST5 
1.000 10.000 0.800 0.100 1 oo .. . o 00 

CONST6 CONST7· CONS Ta . . ; C.ONS T9 CONSTLO CONSTll 
o.o .. :;,,,, 1. 000 . l.OO:.l •. 1.000 ' 1 c.:ooo 0.00025 . 

···-.:.;:<·.:::.··. . . '":._,___: ~ 

lONE FA 
ZONE WWSC%1 PU %) LL( t) CLAY(%) MAAR{~l MRILD(MM' DRIFT(MM/HRl MCDS{T/HEC/HRI P1PCV{ ~I 

1 50.0 30.0 40.0 20 .. 0 10.0 50.00 o.o o.o o.o 
2 1-0.0 30.0 40.0 20.0 10.0 50.00 o.o o.o o.a 
3 3 o. 0 30:0 40.0 2G.lJ 15.0 ·; 2 oo-:-n-o .o. 0 o.o o.J 

' 4 so. 0 30.0 · .. ·- 40.0 15.0 10.0 ·•' 500.00 o.o · 0.0 o. •) 

-p R t N T IN IT 1Al VAL 0 E s 
ZONE SN8W COVER DETACHI-IE~~T STORAGE lT/HEC\ INITIAL RILLS 

(% ' ) RILL INTERRILL DIST'N(%) DEPTH(M) 
____ *t ______ ~o.o~----------~0~-~o~-----· ~o~·~o ______________ ~o~.o o.J~----------------------------------~~1 

2 o. o o • o o • () • o o • ·j I 
3 o.o o.c o.o o.o c.o 

"4 o.o . .0.0 o.o o.o o.o 
--~----~----------------------------------~--------~----------~~--~-----------------·--~--------~! 

MANNING'S ROUGHNESS CO~FFICIENTS I 
~~~--~. -~-uN'l--~-----uN~z--------ITT--------~nc------~rrJ~--------~------------~----------------------j 

0.020 ' 0.020 ·· ... 0.010 · ·· 0.030 . 0.020 1.200 . 

: ~THER COEFFICIENTS FOR. THE EROSION ~~~ULATICN 
-x = 2.0~XT =-. -5-:0o-OEGRR - Izo·-;-crooEG"REFHD1JR--rlX fHW -

· , 

r.ou-
PRECIPITATION BETWEEN OCTOBER THROUGrl E"-10 OF EROSIOI\l SEASON'= 36C.OJ MM 

_..T_OTAL PRECIPITAION ON STARTING 0.\Y AFTER OCTO~ER 1ST= 0.0 MM 
ACCUMULATED-SimM FLOW B"EI~EEN · OCTCBtRTffirDUGHTHE END OF ER1JST01rSTAS0N 6J.OJ Ar 
TOTAL STREAM FLOW ON STARTING DAY AFTER OCTOBER 1ST = 0.0 ~M 

CROP FACTORS 

CP.OP NAMES .. -- .. .. : .. -- - .. - . .. -- - 7 --- WWl - .. WB --· ----· PEAS OATS NGRASS -GRASS' SC 

MAX. CROP COVER 80.00 80.00 80.00 70.00 90.00 90.00 90.00 
lCRMCV J 1\1 PERCENT 

2- MAXL-C~OP ~-GHT~~------~0~·~8~0~--~~~~----~0~·~s~o~--~~Q~----~~~~----~~--~--~0~·~2~0 __ _ 
( CRMHT-nN METERS 

3 THy~W~~~S~~~~ ~~~-~~~EK -:--;;,; 41.9 .41.0 45.0 _45.0 
4 MULCHES A P P l I E D '';; . 5. 0 0 7 • 0 0 

----r.aNs/REC TAR 
5 RESIDUE CO~OlTION PLOW PLOW ~LOW 

PLOWED, STANDlNG OR NOTILL 7 
6 KitJO OF CR:JP · WINT WINT SPR[ 

WTNT~RING, PERENNlS OR .PERMANEN 
·7 SPRING BREAK OF •-c24.0 -24.0 

DORMANCY IN WEEK .· .· :j./.: 
. . ·. · :0.0 

P~INT CHANNEL COEFFICIENTS FOR EROSION MODEL 

----------~~" r~D,;T~H~---..,.-rv P;........-_,.r--____ __,s4~o ~ E M A 1\ N I NG • s~NJ._ __ 
. [ N METER M/SEC IN :t 

· . ./ 1 • o o · o •. 3 o 2 • so ,-::o. o 3 

5.00 

PLOW 

SPRl 

o.o 

1 o. o o· 
STAN 

PfR ,"i 

0 .o . 

! . 

1 .oo 
ST A~ . 

.. 

PE RE 

o.o 

'• o. 0 

5.00 

PLOW 

PERE 

o.·c 

CORRECTTN'G FACTOR OF CONSTAN.T 10 FOR...CHMlNE_l._kQ..uB_jNG EROS ID -SIMOTAilDN--us'TNG · 0 B~RVF!)3"T RE M1 F L Gft . = 2 o. 0 0 ~!____!,~'.>L,j~~------------------__;_:::__ __________ _, 

... c... ~ -. :. ·-·-·-· . •. • • . • . \ 

104 
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PRlNT CROP GROWTH SIMULATION FOR WATER YEAR 1~40 

CROP HWl · WB . -.- PEAS OATS NGRASS , GRASS SC 
_if_f_E_~_tJ)_y_f:.B___!iE_lG H T C OVF ~ t:U;_t_G HI C 0 .Y_~!LH.E_I_GH T C QV_EJ:LliE l.G HT _..C..O_\LElLJiEJ Gl:LL_CD. Y F..P~.ElG t-:J_ ffiVEL J:lElGH_L_ 

. . ~ M . t . M 't M . ~ t1 :t ~ ~ M I t M . 
1 o.o o.o o.o o.o o.o o.o o.o o.o 20.67 0. 069 20.67 0.069 20.67 0.046 
2 o.o o.o . o.o o~o o.o o.o o.o o.o 29.50 o.o9e 29~50 o.oqa 29.50 o.06 6 

__3 __ a. oz__o_._o_ou___o_..o..z.__o_ ._n._QO __ o_.._Q _ __o _ _. _o __ ._o._o _ __j)_._Q_ 2.5_ ... ..1l__U • .o .8 fL25. ... ~l_O.a..O_E o _2.S .. _ll__n_.._os]__ 
4 o.cs o.oot o.os o.oot o.o o.o o.o . o.o 14.89 o.oso 14.BQ o~ o 5o L4.89 o.oJJ 
s o.1q o.oo2 o.t9 o. ooz o.o o.o o.o o.o 15.32 . o.o s 1 15.3 2 o. o5 t 15.32 o.o34 
6 o.JJ o.ooJ o.33 . o.oo3 o.o o •. o o.o o.o 13.21 o. ()lt4 t3. 2 t o.o44 13.21 o.o 2 9 

~"----~~~--s:- ~ -~--B-: -s~g--j-&-~~-~:-8-s-t--~L8--8-=-s--s~-g--· -8~J--· l-~ !-~ ~-g-:-8 ~-~ --t-~· :- ~~-g ~g z*--1-~: -$-2-~ :-8z-t-
9 l.Ol 0.010 1.01 0. 0 10 0.0 0.0 0.0 0.0 14.05 0. 047 1 4 .0~ 0.0 47 14.05 0.0 1 1 

10 1.32 o.ot3 1.32 o.ol3 o.o o.o o.o ·o.o 17.42 o.osa t7.4 2 o.o 5R 17.42 o.o39 
_:__l_l __l ._6_7 _ _JJ,_Q_l~_l ..... f>..J _ o,._ _QlJ__Q _ _._o___o_._o __ O._O__j)._O __ lD .. 5 9 _ _D_._0.35_ l0 _ _._5G~O .• .D 3S _.lJJ.59 _ _ Q_~ 2..4 _ _ 

12 2.01 o.o21 2.01 o.o21 o.o o.o o.o o.o 9.o o o. o 3o 9.oo o.O JJ q ~ ao o. o ~o 
13 2.01 O.J21 2.07 ·0.021 0.0 0.0 0.0 0.0 9.00 O.O J O 9.00 0.0 1 ~ 9.0 0 0. 02. 0 
14 2.93 o.o3o 2.98 o.c1o o.o o.o o.o o.o q.oo o.oJo 9. oo . o.o J J 9.oo o.o~ o 

__J._5 _ __ 22~2-~-0..LP-l0_2_, ~_8_0_t._ 01Q _ _ Q_,_Q _ __j)_.._o_ ___ Qt.._a_____o_._Q _ __,__9_.J)_Q_ Q . _Q_)_Q _ _ ~_._QQ_~_.\)_J_J_ __ _<l .__op __ _n ._p?.C--
l 6 • .., o 0 • 0 .J 0 2 • 1 8 · 0 • 0 3 0 0 • 0 0 • 0 0 • 0 · 0 • 0 9 • 0 0 0 • 0 3 0 9 • 0 iJ 0 • 0 3 0 9 • 0 ') 0 • L' .~ 0 
17 2.~8 o.o3o 2.98 o.o3o o.o o.o o.o o.o 9.oo o. o 3o 9.oo o.oJo Y.oo o. o; o 
18 5.29 o.o53 5.2~ o.o53 o.o o.o o.o o.o 9.oo o.o3o ·9.oo o.o30 9.oo o .o~ ~ 

_ l 9____5_._9_r__o__.J) t_0 _ _5_.__2__L_Q. _Q_6_Q_ Q_._Q____!L_Q___n._o __ n_. 0 9 .,_oo__o_. 0.3 0 _ .9 ..JlQ__Q .... D.JD _ _ _g . _Oi). _ _ D. _0 2...D._ 
20 6.69 o.o67 6.69 o.o67 o.o · o.o o.o . o.o 9.oo o.o3o 9.oo o.03G 9.oo o.oz o 
21 7.46 0.075 7.46 0.075 o.o o.o o.o o.o 9.00 0.03 0 . 9 . 00 0.030 1.00 0.0? 0 
22 8.26 0.083 8.26 0 ... 081 . o.o o.o o.o o.o 13.21 . 0.044 13'.21 0.044 l 'l.2l 0.02 9 
_23__9~J_t1__o_._o.2 _L_9_,_tl__o~_o_c;.L_Q __ ~--o~_o _ __:__() ._o _ _ o ._cL __ _ 9.QQ __ o .. J3 o ____ q_,_o(L_.o. _o_J_Q___9. ... . o_o___o_. .o2Q_ 

24 9.1 0.091 9.11 O.oqt 0.0 . 0.0 0.0 0.0 10.06 0.034 10.06 O.O J 4 10.06 O.JJ2 
25 9.11 o.o91 ~.11 o. c9t · o.o · o.o o.o o.o 19 .94 o. o6 6 t9.94 o.o h& 19.94 o.o4 4 
26 9.11 0.091 · 9.11 0.091 0.0 0.0 0.0 0.0 21.0Q 0.~70 21.09 0.070 2L.09 0.04 7 

_ _ Zl. _ _ 'l._4..3~_Q <J4 · 9. 43 o . ~_o~ _ _ o _ _. _o _ _ _o.._Q__Q_,_o _ _ L7_._.LQ_a__..__o 5_7 __ l7. to o _._Q~1._1. 1 . _LQ __ JJ. DJ _g __ · 
28 10.37 0.104 10.37 0 $ 1C4 0.0 0.0 0.0 0 . 0 23.19 C. J 77 23.19 0.077 23 . 19 0. 05 2 
29 11.95 . 0.119 11.95 0.119 o.o o.o o.o o.o ' 23.51 . 0. 0 78 2 3 .51 0 . 073 23.51 0 . 0 52 
30 14.15 o.142 14.ts · o.t42 o.o o.o o.o o.o 20.99 c. o7 o zo . 9q o.o 1a 20.9q o . o ~ 7 

_ _ 33J_ ---J; f:J~ -9~_p _ _!_tJ_0_.1_6~0-Llk5o__:__l>_~ __ Q _. __ o __ ~_Q __ Q.~_p __ _2_.i,._a_z__o _._.J_7_'L2..3 _ _, __ a_~o. .. _Q19_n_ ... _it2 __ o. . _Q5}_ 
2 ,o.4~ o.2os 2o.4, o.,u o.o o.o · o.o o.o 33.49 o.ll2 o.o o.o 33. 49 o.o74 

3J 24.55 0.245 24.55 0.245 0.0 0.0 0.0 ' 0.0 3 0 .76 0.1 0 3 2.50 O.OC 8 30.76 O.J t) .'J 
3~ 29.28- 0.293 29.28 0.293 0.56 0.00 3 0. 49 0. 00 6 4 2 .73 0.142 10.00 0. 03 3 42.73 0.095 

_3_5_3_4 _. _P-_3 0. 3 tt6 34. 63_Q,..J!t_Q___2_._2 _L__Q_._Q.Llt _ __l..._9~._02 2. _ _3 !t_.. _5_~__o _._ll_5_22._._ .5_0 __ o__._n_L"--.3!.t_. 54 o . .Qll__ 
36 40.62 . 0.406 40.62 0.406 5.00 0.031 4.38 , 0. 05 0 31.b0 0.105 4G.OO 0.133 31.60 0.0 70 . 
37 47.23 0.472 47.23 0.472 '8.89 0.056 7.7R 0.0 89 48. 40 0.161 62.50 0.2 08 0.0 0.0 
38 54.48 0.545 54.48 0.5 .. t5 13.89 0.08 7 12.15 0.13 9 47. 46 0.1 58 90.0 0 0.3 00 2.50 0.0!)6 

-~9 ~2-~.J_9_Q~_76 ~-~-l;-~-~-~J-' -8-~?0._W_7o~-Q-Q --R_!_l 27 .2_ l7_.__~o_o_~?,_9_Q_'t ~_._2L ___ Q __ • _ _t_u_4.__2Q_,.D_0_0_.~ _011_l_O_ . _o_o_Q.il2.2_ 
0 0.86 0. u~ t0oo6 • I 9 L eLL u.l 0 23.82 0.2 72 5Lo8 2 0.176 90.0 0 O.~QQ 2 2.50 O.O SQ 

41 ao.oo o.8oo 8o.oo o.eoo 35.56 0.222 31.11 o.356 53.97 o.tso o.o o.o 4o.oo o.oa 9 
42 so.oo o.8oo ao.oo o.soo -45.oo o.2s1 39.37 o.45o 52.92 o.176 2.so . o.o on o.a o.o · 

_ _ 43_60.t_O_O__Q~_6.PQ 80.00 0!0 8_C_0__55.!'_5_fL_Q__0 4 7_ 4__ftLb_L __ Q_._2._5 6__!t_6_,_LL_O _ _._j _5_6_l_Q_._QQ 0. 0 3.1__2_..3._0___Q__.~0~0-=6--
44 ao.oo o.aoa.ao.oo o.-s o067 .• 22 o.4T o 5a.s2 o. 672 41. 79 o.139 22 . 50 o.o?s 1o.oo o.o 22 
45· eo.oo o.soo o.o - o.o so.oo o.soo 1o.oo o.8oo 49.99 o.167 . 4o.oo : o.t33 22.5o o.o s o 
46 o.o o.o . · o.o o.o . 80.00 o.soo 70.00' 0.800 46.51 0.155 62 .50 0.200 o.o o.o .. 

___!t._1 _ _ Q" 0 0. 0 .. · . 0 tiL__Q._Q__6_Q.J)~_2_0_<Ll.Cl.J)_Q__Q.JlQ_Q__5_Q._6 l__O_._L6_9__'i_Q._QO_j).lQ.0__2._5_Q___2_a.Jl!)~ 
48 o.o o.o o.o o.o 8o.oo o.soo 1o.oo o.8oo 46.93 o.t56 9o.oo o.3oo 1o.oo o.o22 
49 o.o o.o o.o o.o so.oo o.soo 7o.oo o.aoo : 8.63 o.l29 9o.oo o.3~0 22.50 · o.oso 
50 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 ~1.76 0.173 0.0 0.0 4J.OO 0.089 

___5.1 0 LQ Q e 0 ' Q I Q Q • Q Q. Q 0 I 0 Q • 0 0 t Q 3 3 ....2._l Q a 11 3~_Q__j)_, Q C 8 Q • Q 0 a 0 
52 o.o o.o ·o.o o.o o.o o.o o.o o.o 38.84 o.129 to.oo o.o33 . 2.5o o.oo6 . 
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--· ·-THE .f.D LCO-;~INGISA---,;.wNTHLY SU~111ARY CF WATF.IfYTFLDS AND SEDlMENT LOSSES FOQ 194-·J: 

•· RAt~+ PC:TIJP~J Fl..C i~ SED l~1HJT LOSS( rrrlSl 
~ONUi_ --~lcL T ___ _ U ___ .E...'.A2_ ___ !):) '~': . .:r.: _ ___c"'S l fE__G.fJ.:.S .iic r.!L ____ lJPLA.:'JD _ ___ C. !JA' . ' := Ll _ _Ltf.\ ~-n E LL.._OR.SE..ILV£'J _____ _ 

l 3 J . 2 ~ 12. 0 l 0. 04 0. 0 0 . ,) 0. 0 0 • 0 0. 0 0. 0 J. ) 0. 0 
2 8.13 4.34 0.01 o.o o. o o.o o.c o.o o . o J, •) 0.0 
3 112.44 1.61 0.43 6.23 4.0 0 o.o 0.49 63. 926 ~.544 0.J26 o.o 

----~7.7_0 __ _ l._Ql__j)_.J)l__ _Zi...5i3 __ 2 8 .58.._0 • ..0 __ _13.03 ___ 0.....332 ____ '?.2.7.L __ _J.l.~9 l 'ig'-'------------
5 1 2 5. 9 5 3. 3 d 1. 4 6 8 q • 4 1 16 • 3 4 0 • 0 13 • 4 4 1 6 6 • 1 '1 5. 4 4 • 4 5 J l 2 • 9 -'t ft 3 ,:j 3 • 7 0 9 
6 78.74 l0.J2 "1.82 52.83 49.j ) 0.0 l4. 88 15Q. 3CN 2 ').0u7 l.).3rjJ 260.3% ~ · 
7 56.41 28.10 0.::>9 23.68 23.17 o.o 1 ... 3° 1'5.4'7 6 6.52~ . t.tdl 92.~71 

·-- --~---fl: ~~---6~:-~t-.--8-~ -H---- -- 6-:i~--~:i-~--- --8:8----g:- ~~---~- : -6 16 o :i~}----3:-g 71 J%'4--------------
ta 43.94 34.42 c.o7 o.to o.t3 o.o o.o o.o1o o . o56 · o.o o.o 
11 o.o 3:>.91 o.o o.o o.a o.c o.o n.1 o.o o.J o.o 

_____ _l L__l_D l ... S.S. .. _ ~ o d.5__ _ _ L .. l .9 _ _ __.1_ • .3 J . ___ a. Q ____ __c_._o _ _____ o .. o 2l ___ __Cl_a.SJ .6. _ _ . _ _____) 1 o tJ _ 

TCT.\l 629.43 276 .H 5.39 ..: 1 2 . 05 193.7 5 0.0 65.42 402.1.57 36.77'J 25.104 742.?73 

-···- MLl.NT f1'CY'' TE'Ccfs··-t:T -5-EDfYE>.<.T L oss"FRd'V"-EA'tH-[CNE - FOiCt94_J_ fN- Tll"-_S _______ _ _ _ 

ZG~IE 1 ZCl NE 2 l(l'll.: 3 Zfl'l~" 4 

--M- (F~-P.ER. Os--TfRJ·S--ZTR8S BAL..\NCE REROS I EROS ZE ~OS BALAr-..:CE REROS - !f:: R--nS lEP.OS RALa~~C E REj]. iJS I EROS zE q os 13ALHJCE 
1 o.o o.o o.o o.o o.•J o.a o.a a.o o.o o.c o.o o.o o.o o.~ o.o o.o 
2 o.o o.:J o.o o.o o.'J o .o c. o o.o o.o · a.o o.o o.o c.o o .o o.o o.o 

. . . _ 3 ___ ____ 0 .. 21. __ 3, 2o ___ o. u ___ -a .. .s __ L l5____!t.7 .1 1 _ _,____5_ .. 9~2. 3 _ _o_. O!t ____ a..._o ____ 4A 9..6 _ ___!t.......9.___L.9.5.______f:.L...9.S........-.-lt..~.ag __ ..,_t:: • .a 
4 O.Jl 0. 5J O.J -0.5 • 0.28 4.56 0.38 -4.5 0 .11 0. 0 0.40 0 .2 0.23 0.0 9 4.76 4.~ 
5 2.Q5 12. 27 0.0 -15.8 16.93 7R.l8 11.07 -84.0 11.99 31.55 9.50 -34.0 3~.75 12 ~.R 7 131.7 2 -3 ~ .9 
6 13.25 19.1 7 o.o -32.4 55.40 86.72 22.o9 -119.4 4o.99 26.9'i 16.133 -57.1 52.41 94.29 2:J5 .26 5 3 .6 

__ 7 _ _ .....0 .... .50 _ _ _ 3. '.t3 __ _o. o -3_._!1___!_._o4 __ l s . OJ ___ z. .• :s. _ _ -2..L..3___5 .• _49. _ . ....o .•.. c._ ___ 2 ..... !t3 -1 ..Jl..... __ t5.. zu. _ __n .. o _ _ 2'-1 • .9A ____ .l.! .... :r.. ____ _ 
B t. 5o 13.qo o.o -15.4 11.96 42.27 tJ.7 u -43.4 i.73 o. o 7.33 5.6 s. o 3 o.o 53.16 · 4~.L 
9 o.o o .c o.~ o.o o.o o.o o.o o.o o.o o.o o.o o.J . ~.J . o.~ o.o o.o 

to o.o2 o • . 'J o.o -o.o o.86 o.o o.o1 -o.9 o.o o.o o.os . · o.o o.o9 o.o o.PZ o .1 
ll __ ____o_,Q ____ o._ ·:) ____ Q._o o.._o, ___ o_._o ___ o.o _ _ . __ o.o.. ___ rt.o __ __a_. _o _ _ _ _o . _o __ __o_ .. _o ____ o..._J___...::l ... _a__ _ _ _____n_~o--__o ..... o __ ___ ..D .. a ___ _ 
12 o.o o.J o.o o.o o.o o.o a.o o.o u.o o.o o.o o.o 0.02 o.o o.o - o . J 

TOT 18.48 58. 14 . c.o 

~ ONTHLY SU~',.....\RY OF WATER YlELD 
ZON E t 

HT U!Hl FL01~ 

-76.6 93.62 277:.85 

ZONE! 2 

RE"'f U RI~fL Ow 

53.6 3 ·- J l 7. 8 66.41 5R.50 

lll'l E 

R E.TIJ ;l ~- --Fi_-cj'w 

4t.56 -!!3.3 109.69 296.2<t 471.5':> 

lO ~~ E 4 

Rf:ru-,.-V"FT'J'\~- ------- - -- · 

HCJ (.)Q CNSITE OFFSITE GR . QO 01\SITE OFFSITE CR CO OllSiTE :JFC: S I: F. GR Ql cr~S !TE OHSIT:.: GR 
__ t ___ o ._ o __ c. o _ __a ._.o___..o ...0 _ ___:___0 • ..o __ _ o. a _____ o_. o ___ o • o ____ _ o • o_ ___ _o • .D ____ _ :J • J __ _o • .a____r) ... .o__ __ :> .. i L _ _ o_ .. _Q ___ .n_._:L.__ __ _ 

2 0.0 Oo C 0.0 0.0 0.0 O.Jt 0.0 . 0.0 G .O 0.0 0 . 0 0.0 O.J 0 . 0 0.0 ~! . J 
3 2.15 t <J . sr;; · o . o 0.66 1.1s 13. ?.8 o.o o.~ .s o.o 3.2 8 1.0 o.o 15.to 21.02 o.J o . ~J 
4 0.0 33.C7 O.C 14.80 0.25 3tto~4 O.J 14.ld 0.0 1'>. '>3 0. 0 8,54 0.22 1.9J.l3 0.0 l'<.i3 B 

______ 5_ .U. 76 _ _7.4. el __ o..._o __ U_,!J.4. __ 2..3_. o fl ___ c8 .. 60 __ .o.o. __ l3. H __ --.2 ... ..5.6._1_0 1. 21 __ 0 . o __ _ .l.J.A_4 4.__B.3. g_d_51.5 • ...9.!t___G ._u ___ u •. ~t.L_ 
& 3. 44 s o . s 5 o. o 14. 81 t t • 1 o 4 1. r 1 o • o t 4 . a 7 o . 6 s 56. :3.:: ,) • l) 1.4. 8 s 2 2. 1 J J 3 ~~. 19 o. J 1 lt. a 1 
1 c.J B 2 5 .72 o.c t4.3q o.~z 21.os o.o 14.39 o.o 2 4 . 9~ J.J t4.39 ~.o 1& J .60 ~.o t4.3q 
s o.2s a .1 2 o. o 1.ao 1.~? 6. 52 o.o 6 .73 o . o a. o1 o . J 1.0 2 o.o2 66.61 o.n t4. ~q 

__ q _ ___ o ._J ___ _ Jl_._o
7 

__ _ J!. ~!.) _____ J('_. J ____ _ o_. ~ - ---Q· o __ c . J __ ___ Q._. _CL __ o . r. __ .J •. J .. ___ O_LQ ___ Q. __ o _ __t....__4_6 __ Q_._o _ _ _ o . oz.. __ _ _ 
10 O.J • 4 J ~ u v.O . 0 4.J8 0.0 O. J u.O 0. 0 J. O D.O Q.J 0. 8 8 0.0 0.0 
ll 0.0 0 . 0 O.C 0.0 O.J O. J 0.0 0.~ 0 .0 O.J 0. 0 0.0 0.0 0.0 D.J 0.1 
12 c.J q . 49 o.o o.o J.o 6. '? 5 a.o o.J o .o 1. 2 · ~ o . o o.o o.o 8.n o.o o.o 

---.~n:. ~---ra -. 2B-"l~T~ q--o.J--'-55:9r· ----z.-?t:-orr'96-~ -s-&· - o-:o··-----z;:;:-z-6 -·--1);27t-T.I r~-2 ~------s-.-j-- -:ra:-77 tl&. 9'i t3 o9. 1 t o. o fq .-·s9--
TH CL LO\oitt·<G ARES~ VALUES H TH C:: Tl~t AB OVE SU~'·IARY W.'•S PR!1';1fD 11\ OA"' 
ZC E 1 3 0 . 66C5 65.0832 6.~3 8~ 1 B. 063l 
zo ~ 2 20.3488 74.4719 4.33 20 11.7914 
ZC E 3 33.4239 lC9.5414 7.2 2 0 0 lQ.65~4 
l O E 4 50.7512 115.6727 11.0633 30.1134 

THE FOLLOW!N~ ARE R~-~TAqT VALUES TO APPROXIMATE WATERSHED CONDITIO ~S ~T THE Tl~E THE ABOVE SU~~~ R Y was P~[NTEO I~~~ 

-----·nmn1.-n~El\"r·n--:r:-. TI:IJ:_ _ _ p, H""M~ -------- - · 
lONE ~ ·\S~H lA S ~:! 

l 16.2 6 6 ll. Cl6 3 
2 18.934 l3.C?O -- --------3---:-- - -:- r-9-:·r ·ro Tr.-:;1-s -~--- -. - ·· 
4 16.383 13. 36 1 . 

R1UN - ET - RU~OFF - E - CN - - SO!l -CHAN'-lEL-DEPRESSlON-O V'=RLA~O-ClFF.) lT~-SUBLI~ATION- SNQ'rl 
_ --~ 2 9.. :!. 0_?_1__[.6 ~ .. !l.Q 9 _D...b_.Q5 2 5. 3q 2 6 5. 41 R _ _E 9._ _ • .]___7! ·-- __ Q_._O _ _ __ _Q_._ Q_ _____ ____ _j)~ _____ O_. -~ -- ---- · g _ _.__Q 0. 0 

o.cl'·~ ·"' 
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DAILY 5UM~ARIES FO~ YEA~ 1940 
_ _ , . RU~OFF ZONE 1 lO~JF. 2 Z~~E 3 lD~ I E 4 

,. DAY RAIN MM CMS fol .'l M . ._. tAM . ,...., 
_ _ _ _ · -.,. ... ..,~J!~l -~~7\.Q.O __ ._EL_;. ~-Or!.B-. ___ SMU

1
..z _ _ _9o

0 
__ _E1_: E _ _ Jj~ -- - _ _ S'IAl :_2 __ Q_O_~T_;f.-~~---S'1l _:2_ _ _Q(J__EI_: E..__.G.F ___ __5 ~1 : 2_ __ 

v ~ ~.~6 0.38~ u~'o u.O O.u~ .480 57. 0. 0.05 0.480 5 . a 0.0 O. u5 J.289 86.3 0.0 0.05 0.4HJ 96.3 
0.00 287.0 o.oo 2 86 .2 o.oo 361.0 o. o o 45 6 .7 

· 110 0.12 0.4q3 0.34 0.0 0.02 0.480 57.1 0.0 0.02 0.480 51. 8 0.0 0.02 0.009 86.2 O.J 0.02 0.48J 9S.S 
---.rr-~r---...-,..-....-~.,...,.---,.--.,..,..--,.,-,.- o. ~-----z RJ.._o ____ . _ Q •. oo __ __ z a 5 . o ___ __ o .• o..o ___ __3 6l. a ______ a. o o ____ 4 s 6. o_ rrr o.o o.339 o.21 o.o o.o o.48o s1.1 o.o o. o o.48D 51.7 o.o o. o o.ooo a6.2 o.o o.o J.4BJ qs,z 

0.0 2 8 7.0 0.0 2 85.0 0,0 3 6 1.0 0.0 456.C 
112 o.o o.114· 0.12 o.a o.o 0.480 57.1 o.o o.o o.4ao s1.1 o.o o. o o.oJo 86.2 o.o o.o o.4 a J 95.1 

- --- --,.,n-o. a o. too o. or . o. o-o~oQ_o·:- ·4a·a--·~~ ~i9·-~r:n--o·?·3 ~-o:z;ao· -- -H~- 7 g__o:-6--o?o 0-----o:-c>"Jo-~~-~2 ·0- -o-:-o--o~ 5.?_-c;·-.:-·~~ ~-: -i c_ 
o.o 2S7.o o.0 2 as .o o.o 36t.o o.o 456. 0 

114 0.14 0.081 0.06 J.O 0.02 0~480 57.1 0.0 C.02 0.480 51. 8 0.0 0.02 O.OJO 86.2 0.0 0.02 J.4BJ 95.1 
_ _ __ 0.00 ___ _ __ ? 8I.O _ _ Q, _OI) __ _ ___ 2.85 .0 __ ____ J)L0.'.) __ _ __36l.O. _0 .:)0 ____ 45 6 • .2___ 

115 o.o---o~7~~~o o.o1 o.480 s1.1~ c.Jt o.4a o s1.1 o.o o.o1 J.oJu 86.2 o.o o.o1 o.48 J 9 5.1 
o.oo 2d7.o o.oJ 2as.o o.oo 3 6 1.0 o.oo 456. o 

ll6 O.C 0.073 0.05 0.0 0.0 0.540 57.1 0.0 0.0 0.540 51.7 0.0 . 0.0 ~.OOJ 86.2 0.0 0.0 0.54~ 9 5 .1 

· --- ------1 I r -o~a----o. o6s o. o~o~-o--o~o 0- o-:42o -~~~i_Q~-o:' j .J -··a -.-o .tci -~ I~ 7 °o-:-o- -c?o 0-o-:·001--~ g! 2°-·o:a~ 5 °J".4l -:> -·% ~ ~- in_ 
0.0 287,0 0.0 · 28 5 .0 0.0 3b1.0 . 0 .0 4 56. 0 

118 o. 48 o. 064 o.o4 o.o o.o3 o.402 57.2 o.o c. o 1 o.181 51.9 o.o o. o J J.Joz BA.3 o.o o. o 3 J.4 q J 9? . 2 
__________ ___ _ __ _ . ___ o.oo ___ _ z s i. iL _c.JJ __ _ . ___ L as_ .. o ____ _n • .oo _ _ _ _36t • .o_ ___ o .Jl . _ __ _____ _ t,S6 . Q.__ 

FEB 

119 4.69 0.385 0.26 o.o o.os 0.480 57.8 o.o 0.06 0.480 5?.4 o.o 0. 0 6 J.)6~ 8 6 .) o.o 0. 06 0.4 8 ) 96 .9 

120 . 6.22 

121·0.'78 

122 · 0.57 

1. 077 

r~ ·a 13 

l. 464 

. 0.01 28 7.8 O.Oi 267.3 O.Ot 361.0 O. J l 457.6 
0.74 0.0 0.09 0.480 58.3 0.0 0. 0 9 0.480 51.8 0.0 0.10 J.48J 86.4 0.0 0.10 0.4BJ 98.7 ___ o_. o Q __ __ _ _ _zc; o ._s ____ o. oo ___ ___2170 •. z ______ o. o o __ __3 &l._o a • .::> o ______ 4 61. L 

0.0 0.09 0.480 57.0 0.0 G.lO 0.480 51.7 0.0 0.10 0.48J 86.4 0.0 0.10 0.4 80 97. 0 L. Z9 
0.00 287.0 O.OJ 285.6 0. 00 361.0 0.0 0 46 2 . 5 

1. 01 o.o o.oq o.4so 57.o o.o o.to o . 480 51.6 o.o o.to o.480 86.3 o.o o.1o o.4 a J 96. o 
12 3 ~ o. c;4 1. os5 o.73 o. o o~ o~ 0 

cr.- 4Bo -~~: 9 °o:o---o ~ago o. c. a o_ ... ~ -~:5° ·-o-.-o·-·a ?o8° ;.f.-4·ao--~g~ 3.o_o~o---o? 6~ 0s-: 4a J---~ ~: 4a. _ · 
• o.oo 237.o o.oo 2As .o o.oa 36t.o c.a ~ 45 7.7 

124 . 0.29 0.731 . o.so o.o o.os 0.480 56.8 o.o 0.06 0.480 51.4 o.o 0. 0 6 0.480 8 6.3 o.o o. :;r, :1~4 8 ) a ~; . z 

----~-.-2-s---o.-o-o. 428 o-:-L~-:-cr--o?o~ 0-o.-480 - --~ z~ 8 ° --o.a-··- o ~ 0 ~:) o-:-4 9 ~)' -§ ?~ ;.-o_.:o:o--o?5 ~ 0-o:48-o-§-~~ z_Q__o:a·--a: o ~ ~j~'4.i) " ~~~ iQ __ 
0.00 227~0 0.0 0 2 85 .0 0 . 00 3 61.0 0. 03 4S 6 . Q 

126 2.53 o.282 o.19 o.o o.o1 o.4BO s7.t o.o c.us o.480 51.7 o.o o.o a J.4BO 86 .2 o. o c. oa 0.48 0 9 5 .1 

-------Tzr-.r::es-o. ss& o:-ye-o.o--o?c~ 0-o-:-48 o-;~-! iJ1o:o-o ? o g 0 o~-48o--~ i ~ sLo·:o---o~i 3°-.j. 4Ba a~:3°·o:o--o~i8 ° J:49o- ~ E2L_ 
0.02 288.5 0.02 287.3 0.0 2 361.0 0.0 2 45 8 .7 

128 9.48 1.464 1.01 . O.OOJ 0.09 0.48 0 58 .1 0.425 0.10 0.480 52.4 0.0 . 0.10 ~.480 86.7 0.0 0.10 0.48 J 97.7 

------n._..,T:'t~~'0:-2 51 13. 9 z-rr.Tzo--o~· og ::io:--48 o----H~ i ~l.l4l>-o·~ 0 s 5 o-,;-~t•u 0 --~ i? 8 !t_, ;-sc;·t- 6? 0 8 2..5:48" J-~ ~ ~ j~()2"o~ o8 5o :-41iord ~-? b L . 
' . 0.38 . 296.3 0.38 295.7 0.38 365.7 0.3 8 4 9 5.2 

no ~ o.47 8.230 5.66 -o.o o.o9 o.483 57.o o.o o.1o o.483 51 .. 7 o.o o.1o a.483 86.3 o.o o.o9 o.433 98.4 
_ _ _ . __:___..,- . Q.o) _ zae . .L· __ o.o3 _ _ _ 299 .1___ _o.o 3 ___ ___ 36.L._L _ __ _ .o_.o1 47 9 .• 9_ 
~31 . ~.c~~94 3.09 o.o ~.os 0:477 57.1 ~:n 0.09 ~477 5{.8 o.o---o.og o.477 86.3 o.o o.o9 0.477 9 5 .2 

. , · . o.oo 288.8 o.oo 288.3 o.oo 362.9 o.oo 473.9 
132 •. 7.65 4.77o 3.28 o.o o.o9 o.480 51.1 · o.ota o.o9 o.4ao 51.7 o.o o.1o n . 4BO 86.4 o.o o.1o o.480 95.9 

133--;-2:"4~848------z:-65--o-:-o--o~ o~ 7.o:-48··o-~~~-o-Lo;-o--o'~ i 8 Lo:4B·a~ ~?1!t -o:-o--o?i ~1. o. 49 ·rlg:·4~--o~ig_r_o-:4s:r--~ ~: ;/-~-
~ 0.00 287.0 O.CJ 286.4 0.00 362.3 0.00 469.0 

134 . o.o 2.094 1. ·44 · o.o o.cs o.4ao 56.9 o.o o.cq 0.480 51.6 o.o o.oq o.480 P..6.2 o.o o.oq o.49:J to4.o 
--------,-, ><:· ?;.o. •. oo --n-,~~.L o ._oo. _ _____ 2."5 .• _L : ___ ..---...J). on ____ 36L.L _ _ __o.o_o _ ____ 46Q .. L 

,3~ . o.o 0.58[ 0.40 o.o v.09 0.4o0 56.9 o.o 0.10 0.480 51.5 o.o v.10 0.480 86.1 o.o o.to 0.480 104.2 
o.oo 287.0 o.oo 285.0 o.oo 361.1 o.oo 461.4 
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DETAILED DAILY SUM~~RlES OF EROSlON St,..UiATlCN --FOR- WATE.RYEAR--l9-4v 
CHANNEt SCOUR SURFACE CO VER R{Ll SYSTEI~ UPLIH!i) SO IL ERJSIO"l l'J TONS IJETACH·~c,..JT 

DAY •lONE RAIN RUNOFF CHM.1 CHA~Z AC'?..CV ~LCV SU~CV O! S T'N O':PTH t.:Ot ' FR 0 '-1 F ~J ~ . FRO"l SEDI11ENT TOaL <;TnRl GE F l '-' S 
_ _ ___ M"4 MM IIHR tLti!L.. _ _______ ------~---"" ·'1 • _ _ 1'.~~· _ _ _.Q_ _l_LL __ l.Kl~ULL__IHIAL__LJPPER._.B.ALAl\CE_LOSs__JULL--l!:l!~ F- ~llL 

121 1 0.991 0.214 J.O 1.05 5.2 G.J 0.0 J.O 0.0 0.0 O.!J O.J J. Da 
l 0. 'J 11 (1. 2 3 5 0. 0 1. 13 ' 5. 7 0. u 0. 0 o. 0 0. 0 0. 0 0. 0 0. 0 0 . :? 5 
3 0.972 0.223 0.994 1.60 21.4 o.o o.o o.o o.o -0.0 o.o 0.~5 12.:?6 

____ !t ___ . -- ---.-- _j) L9.~ fl_j) al !Jit. _J. 9 31_ 1.. ~l___b 6_. L_O • o___._..J). Q ____ _ Q. Q ___ JL Q_ _ _ Q_. f) a ~~.J J-s .. :._a __ 
W/S 0.983 ~.873 0.54 0.04 . o.o 

122 1 0.9cH 0.214 ).Q 1.08 5.4 0.0 0.0 0.0 0.0 0.') 0.0 ).J ).')8 
2 O.Q17 0.235 0.0 l. 17 5.8 O.() 0.0 J.O 0.0 O.J 0.0 O.:l '~.24 

----~-------- _0,972_DJ2n __ 0.9<Jt _ _t. _65__22.l __ o •. o ___ o.o __ __j)._o__:_o .. _o_ _ _ _o .. _o____o ... _o __ ~ .. ~i _.l2~.14 _ _ _ 
'• o • 'Jtt ~ o. 2 a _. · o • a 9 <t l • 3 1 6 a • 3 J • u o • a J. o o. o o • J o . o o • J J 5 • 4 2 

W/S O.'i14 1.464 0.38 · 0.02 0.0 
123 1 0.991 o.2t4 J.o 1.11 5.5 o.o o.o o.o o.a o.o o.o o.:J :>.:> 9 

~------_____ ____ .J)_, 9J.L O.L1LJ. o ___ t • .zo_.h ._o __ .o. J __ o .a. ___ o .. .o.__o._o _ __ o . .tl ___ o • .a • o _______ J. 2 ,._ __ _ 
3 0,97l. 0.2.23 J.98C} 1.-:'0 22.6 i1.0 0.0 •>.O 0.0 O.J 0.0 0.')5 t?. O? 
4 o.94~ o.za4 J,st~z 1.4o 69.9 o.o o.o J.o o.o o.o o.o o. :n 5.35 

W/S 0.535 1.055 0.24 0.00 . . ·0.0 
_..l..Z't__L__ ~91_.0 .. 214_0 ._o ___ .1 ... .12__5. b __ __ o~o ___ .:..o. o_ ____ a .. a___o .. .o __o_. a a ... a _____ _o._.J. __ _il ... J.!3 , --· · 

2 0.'177 0.2~5 J.O 1.22 6.1 O.J 0.0 0.0 0.0 0.0 0.0 O.J J. ~'• 
3 '- 0.972 0.223 O. CJ 8H 1.72 23.0 0.0 0.0 0.0 0.0 0.0 O.Q J.JS Lt. 'W 
4 0.946 0.284 J.809 1.42 71.1 0.0 0.0 0.0 0.0 O.J 0. 1) O.OJ 5. 29 _______ W.LS~..Lai_--'1..131 . o. I 4 o._o_ ___ ___Q._Q _________ _ 

125 1 0.991 o.214 1.coo 1.14 5.7 o.o o.o o.o o.o o.o o.o a.o J.J~ 
2 0.977 0.235 1.-0 0 0 1.23 6.2 0.0 o.o o.o o.o o.o o.o o.o 0.2.4 
3 O.Q72 0.223 1.000 1.74 23.2 0.0 0.0 J.O 0.0 O.J 0.0 O.JS ~1.79 

---·--~- _. .9!t.6_0.2.8 4_L .o.o a_ L._4...4--Il.. g _ _o_. u_ __ o. o _ __ .a..._o___o._o _____o • . o___o ... o___j) ~-o J._--5.....2.J __ _ 
W/S 0.0 0.428 0.07 0.0 O.:J 

126 1 · • o.q91 o.214 1.ooo 1.15 5.8 o.o o.oJ o.o o.oo o.o -o. oa c.J :;.'19 
2 _ 0.977 0.235 1.000 1.25 6.2 0.0 0.00 0.0 0.00 0.00 · -D.CQ 0 . 1::1 0. 2 ? 
3. _._q__72__ Q.2 2..L1 .. QOQ__l,_I6___23.5_ 0..._Q_ ___ O .. O _ __j).O __ _o.._o____o_ • ..:J .:L __ o .. .DCL.. _ ___ ..J)_.J5--ll _._?.o. __ _ 
4 o. (H6 o.2 34 1.ooo 1.46 72.8 o.o .o.oo a.o o.oo o.Jo -o. 0:1 c.JJ s.u 

W/5 2.529 0.282 0.04 0.02 0.0 0 
121 1 0.990 o.214 a.o 1.11 s.R o.o o.o o .o o.o o.o o.o o.J o.oa 

-~--------------- o_~ _915 __o._23.5 _o. o ___ · _ L._2..6 __ 6. L _ .O.JJ _ _ _ o_ • .o ____c._o _ __o .._o._____ll._o ___ o •. o ___ __ _ _u • .:1J _ _ __ :> .. 2f _ . 
3 0.969 0.223 J.9Sd 1.78 2 ~ .R 0. 0 0.0 O.J 0.0 0.0 0.0 0.15 11.5 9 
4 0.9~4 0.2R4 o.q65 1.47 73.7 C.0 0.0 J.O 0.0 O.J 0 .0 O.JJ 5.J7 

W/S 3.351 C.558 0.10 · 0.05 . 0.0 
__ua__ 1__ • '19J__D, 214 __ :t. 0____.1_._20___6. o _ _ o. oo ___ .o.ot _ _ o._o.l___o. oz___o.._J __ ---=-O. • . Q2___a_.~___o ..... 5..9 __ 

· 2 o.975 o.235 J.o 1.3o 6.5 o.42 o.64 2.CJ2 3.56 o.oz -3.54 o.J J.J 
3 o.Q69 o.2z3 o.999 1.a4 24.5 o.o o.12 o.o o.tz o.19 o.o1 o.J5 12.24 
4 0.944 0.2d4 Q.CJ90 - 1.52 76.0 0.0 0.?4 0.0 0.24 3.49 3.26 O.J9 12.90 

- 129-.WLt_ !Jd...S'---l.. • . 't.QL____O_.!t_L___O_._ll_o;-q-q()-o;·zr4 J:-o--1.3z---o-:6-· - n-:32---2~--C6:7o 12.98 a. -J -12 .9d D....2!to-:o_-o:o 
2 0.975 0.235 J.O 1.43 7.1 n.74 ll.36 59.57 70.93 -9.09 -61.~4 O.:J 0.0 
3 0.969 0.223 0.994 2.02 26.9 7.56 R.88 31.55 . 40.43 7.44 -32.99 0.00 0.17 

___ _ __ L.__ ---- 0. 9~LO...lli_:2_..2li_L_li_1U._..J_8_B_.~___2_L.,!t_L_lLI...22_ 154,70 1 05....19_ -4A.Q/ O.Q jl.O 
W/S 31.486 20.251 17.34 - 2.74 156.72 

130 1 o.99o o.214 o.o 1.64 'a.z o.o o.o o.o o.o o.o o.o o.o o.o 
2 o.975 0.235 :>.o 1.11 8.9 o.o o.o o.o o.o o.o o.o o.a o.o 

- --- ,--------!O.L.9..6.2_0 .. 223_D_._9_9...3___2._.So _ _3J.., _4__ __ o_._o _ _ a..._a_____a • .o o. o a. o o .... o. _._J.:)~_...LL__ 
4 · ' 0 • 9 4 4 0 • 2 B '• ::> • 0 2 • 0 7 1 0 3 • 5 0 • 0 0 • 0 3 0. 0 0. 0 3 0 • J - 0 • 0 3 J • 2 0 0 • 0 

W/S 0.468 8.230 4.35 0.23 . ' . . 0.03 
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DA tL Y ZONe-NOW SUMH:ARTtrr-a·FC'itxkT940 
L:ONE l Z'JNE 2 ZO"'f 1 . Zfl\IE 4 

DAY MELTRATE SNOWMELT SNOW ON GRD MELTRATE SNOWMELT SN8W 0~ GRD MELTRATE SNJ~~ELT SNOW ON G~D ~ELTQATE S\11W~~LT S~G~ ~N GRD 
111 0.050 · 0.0 3.720 0.060 J.O Z.?lo 0.005 O.J 11.444 0.07.0 1.0 e.~qg -rt-z-c:uso o.o :-no---o:o ou- ---,-··- J~-o----z;z?6----o:-oo~--u ·~-_;----n--~·:.44 lf.-vzr---J~-u------cr.-~~s ·--
113 0.~50 0.0 3.720 0.060 J.O 2.226 0.005 .'). •) Jl. -~4· 0.020 J.O 8.9 ;1 P 
11~ o.aso 0.185 3.515 o.o6o J.2l9 z.vJ7 o.oos o.JlB 11.426 o.ozu J. J6 6 R.qz?. 
115 0. 05 0 0.0 3.535 0.0&0 0.0 2.CJ7 0.005 ~ . 0 11.42~ 0.020 0.0 S .Q Z2 

- 1 16---o: os o---o·::o ~-53 s---o~- ~ 6 o-·- :L o---_ - 2-: o t) 7-----o- ~ o o 'J---- o :- :J---n :-4 2 6 0.0"2 o---o: o ---.- - "-:·q Zl ___ --
117 0.050 0.0 5.313 0.060 0.0 3.7 8 5 0.005 0 . 0 13.20~ O.C20 J.O 10 .7 )) 
1 1 8 0 • 0 5 G 0 • b 2 9 1 2 • 5 5 8 0. 0 f1 0 J • 7 4 4 1 0 • 9 1 6 0 • 0 0 5 0 • •) 6 2 21 • 0 l 5 0 • 0 2 0 · 0 • 22 6 l d • 3't R 
11~ o.o5o 4.481 10. 871 o.n6o 5.2q6 s .4 24 o.o ~5 o.43a ?3.321 o.o2o 1.6~0 19. 5J 1 

-Izo--·-· o~ as·o-----'1~76 . r-:ruz--·-,'J. o&o- -- -- a. 4Z~o.o··----o-.-o·J~ ---··o.-.;67 - ·-n·: J54- - --cr;;·:J2--cr--- -· 3-:-5 l)l--ls-~ c;~ s -----

12t o.o5o 1.102 o.o o .o~3 3.0 o .o o.oo5 o.~so 21.404 o.ozo 3. 4~ 5 t 2.5 So 
122 c.oso · o.o o.o o.l24 o.o o.o o.oa5 o.74l" ? O.t>oJ o.o2o 2.6 :3 6 q. a/"} 4 

- l-~!----8-: S ~~----8-:8 8:- 0 8:- t ~-8------3 -~8-----8~3 °-:&8~--6- :~~l---- -i~-:-t6~-.--3- ~3~8---f-:- i2~----+~~n- ---
tzs , c. o53 · o.o 1.210 o. 06fl o.o · 1. 210 o.o os o.o .?a. an o.ozo o. ·; r.~ s s 
12 6 o. a53 3.219 1.8&1 o . o~ 3 3.249 1. 83 1 o.o os J.375 24.306 o.a2n t.3 3 2 ~- 7~ 3 
1 2 1 o. o 1 o 5. 41 1 o. o o. o 1 9 5 • j a 1 o. a o • o o 5 J • (, -n n. 1 1 •) o . no "?. s t ~ 1 a. fl :- :-; 1 2 o·-- - o··.-<Y7 2---- r-. s 2 ~-a;·o-----o~ o a -z-----r: :> zz;--- u-.-o- -; o J ~--· -J ~--, z a-- -:1 :;-q &:;---a .-nz v----T~-fl 5 ,----r::J -~ en-' ·-- -·-· 
12'J · o.t42 o.o o.o o .146 o.o o . o J.ao5 z . ? 3J 2s.ns o.o35 n.3o4 2.312 
110 o.15o J.o o.o o.1 so ~.o o.J o.oo5 o . 529 ?5.2J6 o.t13 2.312 o. J 

__ l3l __ o. t50_· ___ o_ .. L ___ _ o._o o...t 5o ____ a . o ____ J_._o_ o . p ,1_6 ___ 1. l_:)2 ____ ?_ft. ._4.:J!t _L_L4.Ei ____ _;:t. a _ _____ J_. :. ____ _: __ 
132 0.15 0 0.0 0.0 0 .1 50 0 . 0 J .O O.J 22 ~.14 & ? J . 259 0.150 O.J J .J 
133 0.150 0.0 0.0 0 .150 o.u 0 .0 0.053 5 . C8 1 1:>.177 0.150 0.0 O.J 
134 0.150 0.0 · 0.0 0 .150 0.0 0.0 0. 056 CI .O 15 .177 0.150 0.0 Q.J 

.. 135 _ __ 0_. tso ____ o,. o _p. o Q~ t s_o ___ o_. o Q_!_o _ ____ o __ ._O'· 1 ____ 0_. ·J _ ___ t_ s._ ~ JJ 0_._1 c:;o _______ l .. ..O _ _____ _; _ _,._:_>_ ________ _ 
1 ~!·. o.o53 o.376 4.146 o. o6 3 ::>. (.41 4.1TI o.03<} o . 2 6 -) 19.4BJ o.od J.l3h ··· ·•:'o 
137 o. 0h l 3.035 1.415 o.on· 3.414 o.91l o.o36 t. A31 1~.101 o.o z6 1.11o 3. 5..:'::1 
1 3 3 o. Ju 9 1 • 4 t 5 o. o o. o 7 9 o. 9 71 o. o o • ~ 3 8 1 • :1 16 1 7. o 2 1 a • c 2 9 J. 7 r 3 2 • 7 4 1 

' i 3 q 0. 3 5 4 0 • 0 0. 0 0. 0 6 4 0 • J 0 ~ 0 :"l • 0 :~ 4 l • I ; J I 5 . 7 5 7 1 • ·J 2 2 0 • 7 1 5 l ! q 7 ? . . ___ _ 
~- l4u----o. o68 ___ 2 :[8&---o-:-2::~'• r). o7s-- 2. 2a-u---o ·. -2s·4---·o·:.-o~s---- 2. o/1>- --n,:-z--r· o·~-o3r---c~'! ;J.-------z . !it r --· 
i l 4 l 0. ()56 2 • 11 q 2. 1 9 9 J. 0 t.. 6 . 2 • '· 0 8 1 • 9 l 0 0 • 0 3 7 l • l &4 l q. 1 71 0 • 0 3 4 l • 0!. J 5. 7 c <; 

t 4 2 0. 1 0 3 2 • 1 9 9 0. 0 0 • I 1 l l • 9 1 0 0 • 0 0 • 0 4 3 3. h 0 3 l 5 • 5 6 :-1 0 • u 54 '• • 2 7 o l. .-, q 0 
14) 0.135 0.0 0.0 0.1.40 0.0 0.0 0.053 4.c•CJ7 lO.R71 0.079 l.4 ·1J O.:J ·- p; .• ---c ~-tso---o;:·o n::- ·o.tso _____ o. tr -o-.T o:·o"6J _ ___ 4 :r%----- 6- ~TA't o. rJz-------:l.-o-- ----·.-r-;·) -----
14 5 0. 0 59 0.016 2.270 0 . 068 O.J19 2.?67 O.J48 0. 0 13 ~ . 45 7 0.027 ~.~J~ 2.2 ~0 
14G o.o54 3.032 o.o o . J6 4 3.029 o.o J.OJ6 2. ri4 1 ~ . 3 7a o.o22 1.sq 1 1.~ 6 Z 

_l4 J _ __ o. 12 7 ___ o. Q ___ _ o,_o _ _ _ _ o .13I ____ o ._o _____ o._o ____ _ •J __ ._o6C~-- "-·-'-l~---- 1. -o ______ Q.!_Q?Jl ___ .l._~b __ ., ____ :J1_Q__ _ ___ _ 
14J J.l':JO 0.0 0.0 . D.1 50 J.J 0.0 . O.Oil5 J . u G.O 0.123 1 . 0 0 . 0 
I 4 9 0 • 1 5 0 0 • 0 . 0 • 0 0 • l 5 0 ) • 0 0 • 0 0 • 1 4 0 J • ,) 0 • 0 0 • 1 5 J J • Cl 0 • J 
i s :J o. 1 5 J o. o o. o u. 1 so a • o 0. u o • 1 c; o o . . ) o. o J • 1 so 0 . o o . o 

-i ~ ~ ---8:! ~8----8: 3 g~E 3: l ~8 ------g: 8 5! -g------8~ l ~g.-- - 3: g----- - 3:--3-----g~H8------8~~-----3-:-3---
l5J . 0.118 0.508 o.o ~.123 0.508 o.o 0.039 :J. 5J8 0.::> J.J74 'l.'iJ9 o.o 
15~ 0.150 0.0 0.0 0.150 0.0 0.0 0.056 J.~ 0.0 0.115 J.J J.O 
155 o.15o o.o o.o o .1~o o.o o.o o.096 0.0 o.o :::J .l?O o.o a~o __ _ 

- 15 6 ·--o.-l.~o---cr~ ·a rY~-o o~I~o--- -:).0 · o ~ ·o---- ·o ·:1 ,•z--·-T:· o------ J:u --::-rrv---1:·:J n .:r 
157 0. 09 3 1. 016 0.0 0.1 0 0 L.Jl6 0.0 O.Ol5 1. 016 0.0 O.OS6 1. 0 1~ ~ .J 
158 o.t49 o.o o.o o.1so o.o o.o 0.011 o.a o.o o.o~9 J. J o.o 

- -H~--8-!-H8---5-:- 8-:t2 _ __ , _ _ g~~ g~ t ~ 3----~: 8)~----8-:8-- ?-:gi-l-----5- ~-g_Jz_ ___ S-: g 8: 8-~~~;-8.3 2--.--8-:~------
l!>l o.15o · o.o o.o o.1?o o.o o.o o.o zq o.~ o.o o.a79 o.o o.o 
162 0.069 o.o o.o 0.079 o.o o.o 0.009 0.0 0.9 0.029 '1.0 o.o 
163 0. 066 . 0.508 o.o 0.076 0.508 o.o 0.0)8 0.325 0.181 0.0?8 0.508 o.o 
164---o.oez- - - o.o o:· o:o ~n---o:- o ·o-~-o---o:oTl--a-:1-a . -o-;o o.036 :J.·o- o.J 
1 b s o ~ 12 9 , o • o o. o o • 1 3 4 . o • o o • o o • o 2 B o • o o. o o • o 1 a :) • o o • n 
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--'-oVT~T.moFTIJw HYmnJClrAl>~OR YEAP l qt;olYAV-----rl"<J 

T I~~- R t, I~ T 00 Zl 01 Zl SF ll QO l2 D 1 Z2 SF l ?. QCl l 3 0 1 Z3 SF l3 QC l4 0 1 l4 SF Z 4 
l.OJO i..30o0 0.0 C.O l.S0218 0.23B3l 0.3621"3 l.O h'1:l6 O.J 0.0 1.34850 0.0 0. 0 2. 8 8 !14 

-~.-z:;o ... -~-;-(fl, -617---u;-o o-;-u---""I-;-n6""41>- ----o . 29c5q-u;-4 rzs z-- r.-z3c72 - u-;o-- --o: !"l--,~urr--u.·~---o . -c--- 3~11 r( 'L? -
1.150 o.0146 o.o o.o t.Rtot7 o~2761J o.3Q ~52 1.236 72 o.o · o.o 1.62321 0.0 o.o 3,Q770? 
1 $583 0.0141 0.0 0,0 2. G&20 7 0.09391 0. 20735 1.3 BL9 1 0.0 0.0 . 1.63010 O.~ 0. 0 4.?~?R7 
2 . 5u o J.3B5o o.439J2 0 .43211 3.4 31 44 2 .22 ~22 t.3 Hl 37 2.3 5 7?e o.o o.~ 4.05540 3.eat53 1. 22222 R. 2P l0 6 

-- - 3. u a"3 ----z-:zr ·qz---o-;-r?q~;ou9l·3~"2s'.-GT--T.~6T5Ga----r.1--:392"rr-"2 ;926/is----o :u o:o · s. sztaT~I66 n L-;?t.7+5r-nr;tt:;5TT---
J.JB 5 .1 6 11 z.5')55e 1. 2'•314 4. 53288 3 • . 440C5 t.79 tL5 3. 0c;66 5 0.46914 - o,3 gosa 6.1J51 8 L.3.0'i9t,Cf. 2. 5:.oB7 l1. 3J t- .1.s 
4.1~7 2.7 920 l. 29453 0.825)3 5,76574 2~407 19 l.44 D3 ; 3. ~~7~ 7 0.92950 0, 5BB53 8.23964 6.12354 l. ~C~B~ 14. ~~ ~ 74 
5.0 J u 2 .79 3 7 1.26604 O.Bl441 6,9 9 ~32 2.2 0 2R9 1,3 7 1 5~ 4 .~3 ~ ~ 1 0. 9JOR7 O. SB905 10.45370 B.36217 t. ol527 17. b 1'7 3 ---s-. fHl 9 ---"3 ~ 59 I 0 --z-~272 ~ s·s <JZ- 8 ~-TI l ~3 ----.J. T2 3 4 a- ~~-7 5 4 5 ~5. 7 77 r ,.--z -; c<1""3 "3rJ. r:: 4 8 3"3---r? :T7 5TO--n-;·i')lb1-rr-z~-!SCZ,-z·:r:; -1:.; q: -
6.178 3 .5 993 · 2.346'l0 1 . 17 85 6 ~. ~27 2 7 3.36787 1.7o~5~ 6.70712 2,QqQ)2 0 . 15615 15.01)25 13.41~73 2. ~ 7l Qg 2~.;5 ~ 2 l 

- 7. 667 3 ,61 06 2.31297 1.1 6832 lQ,q4274 3.3~235 1.77 6 24 7. 642J~ 2 .1 96 1J 0. )~4~~ 17,41317 13. 3426J 2.5~ 0 05 27 , ?J E & ~ 
7.7 67 o. ·J202 1.47032 o.8 9 09t 11 .10199 2 . 6 5 .~ 8 4 1. 53 3 39 7.7 5g 1J l.l 01 'J 3 o . :. .. 52J5 17.6!"?71 11.1 0 799 2. r 3 goj 2iL .H ': P 

--- a .o 6 7---·o ~c 2 zo --- o : 2 tt·so2- o;-Jc7,6 iTl ~4-n o 1 z-1. o 1 34 4-- o : &o n;o---~~ 1 ~ 1 1 1 ·-cr~ o - --0-. :Y ---------rB-: ·:rr 6-5-;;-PJ.T~5 4~-:-r-:--r,. n ·-;::;-:; ~ ·1 ~ 53--

a. 2'> C 0 . 0232 0.0 0.0 11.630 10 0 .7 hl89 O . U~ 2 9 B.JT 7'.8 0 . 0 J,J 1Fl.7 5CJ H 4. 6 '1~t6 1. 3L; U 2~ . t. -F·3"J 
s.g5a 2 . 22as o.5 1692 o.47631 12 .6 5q 97 1. 273 26 o.~ o 77a a.79 th 7 0.1 o.o zo.&Jll4 2.1q373 o . B63 47 J? . 3~J~~ 
9, 66 7 2.239 1 0.9572~ 0,64482 13.6 9758 l . 44 G77 1.0 ~ 63 1 9.51 9 37 0.0 0 . 0 22 .43 246 4. 7 ~ 287 1, 3 f ~ J! 35 . JS~95 

·---- 9~ 9 t-,--r~ 0784--a~ 5757~-o ~ :; c·B oa- -13~ (H>4-8 a·- ·1:049 ZT-o ~ R797 z- q : e: fl: q 0·:r--o·-:. cr~~;;~z-:-~- ~ 5J2-~o~ a·; ov1---x-;tcl:;;-;-j ,-:13 :l'7 ·;7-
l o.oL 7 o.oJ73 o.45630 0 . 4 4 203 13. 9 9962 o.964 34 o . a 36 36 9.6 a~o 3 o.o o.o 23 .1 4432 7. 37915 1.7 95 ~ ~ ~b.l s ~:e 
10. 317 0 .04 02 0 . 0 0.0 14. 36344 0-.38 136 '0.4 80 2 7 · 9.'72149 0.0 0 . 0 23.5129~ 2. 59273 0. 9 '::· '? :<7 H. 2 L~3'5 

---H- : 6- 6 6--8~ 8 ~-H -·-8: 8 8:-g---·t~-:~~~~~--8: .8----8·: 3--18- :-~-t i ~~--8"!-a 8:-8-- -B: ~Ht~--%: -!· J:b f }-----8-:·3·2 ~ ? t--H--~-~~z-~~-
11. 5oo 3. 1925 o. o o.o 16 . 043 12 o.~9J76 o.6 D49 0 lt.C8 46 5 o.o o.o 24.Bd647 4 . 63aZJ 1. 3 : q77 4 l. A5~ 9 ~ 
11. 8 3 3 10 . 2 692 5.34204 1. 92 06 3 1 6 .~ 6 065 7. 0 ?~37 2.75473 11.3 568 1 4.54020 1. 52 139 25.6~526 29.62727 4.1 2760 42. 8 ~151 
.J.Z.l o 7 1. 6326 1.76 0B9 ·o.Q92 3u 16. fi 7930 3.t7224 1.716 30 11. 62 <:; 51 '1.62J4'J :J.8Z093 26.434 '~8 l1. CS 4 ·'+& 2.'} ~ ~ 5 1 4 4.1" '36 3 

- 12.2 &?--o-;o6t2~ ·~ ·4 o r97---o ·. B G5691o~ 9 153 4-- z.-7'1 1 74~t -:;-s-anGTT1 ~ 6"? T5T--r-:-o·4uls-l:r.-ll29~ o-;-rr.;Ts--y"J~o3 5"" ::2-2-~T3"STJ--'; 4- :1 "3 3 ) ~ --
12. 5 6 7 o.0646 o.2l7L4 0.28336 17. 2798 3 t.U48 13 o.879l5 11. 8~236 o.o a.o 27.34229 3.24741 l. 09R4 l ;~ . 4J o 2J 
11. 1~7 0. 07 14 0.0 o.o 18.13495 0~0 o.o 12.4 ~4 77 o.o o.o ?8.72728 o.o o.c 4 7. 67~5 1 
1 4 . lo7 O. ORZO 0.0 0.0 l8.7q5 50 Q,J 0.0 13. 52442 0,0 0.0 2 8 .7715 3 O,J 0. 0 5 1.5 ~212 

-"L6~l o 7-- o;c <Jo 7-n:-o---o--:. ·o--~:·Er:795,-o---:----o :- :r----o .-cr---~:;:-7o'3 S ~I)~ .J.o 2-a-~aTln-r:n-nT---u:tt;'Igz-s-s:-Br::-J2·~ 
18, 16 7 0,09 8 3 Q,Q 0.0 18 . 7g550 0.0 0. 0 l3.7 hRG5 0.0 0.0 ?8.91563 0.56 342 Q, 3 E6 S6 65 .9 ~E 84 

· ~~:t z~ 8:8gE 8:8 8:8 l~: H~~g 8:6 8:8 U:i~ ~ ~ ~ 8:8 8:8 ~~ :8~ ~~~ 8:A 63 07 8:~ 331 ~ ~~:g~~f 
- 2 4 ;o·o o·- - -a--;o t; o 6--o~-u-----u:-u -------,. e ,·,qs- 5 o - o. :> ··--u; cr· --!T~ 1 o E 3 s---o· .-a--u. o 2 q~T2l31Hl--o-;-o o. n------s ' -:73 H 9 -

~ 

,~ ..... 



I-' 
I-' 
I-' 

-b~f,~ __ I CE·o ·-su~.q~-R 1 E s··cn: -UP[AN-i>- -EiHfs·I ON ·srt-10(7\r io~ -FoR·-·aAill9--TN -- ~~~-T ER-- YFAR T9_4_d - ·---.-

4.6 

THROUr.H HHE RP. I ll . THQ.OUG H o l Ll') 
T ['~E ZO'<:: OI o::PW OHR DH!= SJL O ATR t: i:: ROS CR OEr" Cf-' f;. DH F ) : Jt fl t>T~F P f!>.O) T E Rl)__lE~OS SECf'AL_!~T l"5~ 

-- ---- - - -· ·- '1 ,'1/Ht:l. .- -~~ ----T fHK~ /t fP:-T / '1R - - -T /H;<: T i Hf;. . - ~~~/ ;:n~--- ~~ ! ! -- · - TI rlR - T I riR U ·d>, --- T / r1P. - T /ri r)·- - -t lc{~ · r THR- T/i-;Q-- r7HR~ ~-
L.OO l 0.0 0.0 0.1 0.0 J .O 0.0 0 . 0 0.0 0.0 0.0 0.0 0.1 0.0 O.J 0.0 0.0 0.0 

2 0.23 0 .49 0.2 0.0 0.0 16.8 0 .2 0.03 2.04 0.0 O.l 0.1 4.1 O.t 0.3 0.0 -0.3 
_________ __ 43 __ o0• co __ o._Q--_Q_._~ ___ 

0
o .• o

0 
____ ~!...o0 ____ 

0
o ·-- ~ _ O._Q ___ o._o __ o .o __ o ._

0
o _ _-__o. Q- . .o . :1 ___ o •.. 0 __ _0. _o __ o ._o__!>._il __ o_.o __ --=---=---

• O.u '-JoU • u. o J O.u o.o o.o o. o.,., 0 . -J o. o o. ::> o .o 0.3 0.3 o.o 
t.25 1 o.o o.o o.o o.o o.o o. o o.o o.ot o.a o o.o o.o o. J 0.1 o.J o.o o.o -o.o 

2 o.2s o.56 u.t o.o 0 .0 23.2 ~1.1 :1.o5 2.47 c. o o.1 o.1 5.8 o.t o.2 o.o -0.2 
3 o.o a.o o.o o.o o.o o.o o.o o.o o.o c.o o. o o.J o. o o.J o. o n.o a.o 

---~----o . ·o -- -- :r~-o--o;u--- o-.!) --J;o - - o. o --- -o~o --o~ u,- ---2.9) ----u-.o - -· 0 .1 - G-. ~ ---· ·--·-z.0 ·--- -o~ -,.--~ .4--o. z---:J . 2-----n~4--
t.J5 1 0.0 O.') 0.0 0. 0 J.O 0.0 0 . 0 0.01 0.':'1 0.0 0 . 0 O.J O.t 0.1 0.0 0.0 O.'J 

2 0.24 0.53 0.0 0. 0 J.O 21.0 0.0 0.04 2.3t 0.0 J .1 O.t 5 . 2 O.l 0.1 0.0 -0 .1 

----~----8:-8---- g;8---3-:~--g-.~g-. g:~--£: 8---8: g - g : -1-t ----~ :- ~& - --8:3--- -a: 1----6: ·; ---·--r: ~ -s: ~-~--8-:-~---· 8: ?-- ---=-8:-s a. q 
1. 58 1 0.0 J .O J.O 0. 0 J .~ 0.0 0.0 O.OJ 0.3~ 0.0 O. J 0 . 1 0.0 ~.J 0 . 0 0.0 0.0 

2 O.C9 0 .29 0.0 0.0 C.O 3.~ 0 .0 J. Ol l.22 0 . 0 0.0 0 . 0 1.6 J.J 0 . 0 0 . 0 -0.0 
___ ---------1----oo ~. 0o __ q •. ~ -~-·.Q-Q-·- x _ _ 

0
o . _o ___ 

0
o._0 ____ o . u ___ o_. c __ .Q . ~ ·~ _ o.!o _ _ Q. o ___ C?. 9 _____ __ o. 0 __ __.J._, __ .fJ. :J__o .• o ___ o _._0 ___ . __ 

~ • "•J u.u u.u .0 . 0 0 .0 0 . 04 t.~) 0.0 u .0 v . O 0.4 0 .2 0.2 · O. J -J . l 0.2 
z.sJ t o.3s o.ss o.5 o.o o.o 5.o Lt o.or:, 2 .4 5 J.o o .-J 0.2 t.7 o.z 1.3 o. o --t.3 

2 1.9 0 1.86 t.3 4.9 5.7 260.3 6.1 o . J3 7.80 o.o o . ? t.l 3<) • ..,. t.l 7.2 o.q -6 .3 
_______ 3 _ ___o. o __ o. o ___ o_._o _ _ Q._J ___ o. o ___ o._o ___ o. o __ o. o ___ o . o ____ o ._o_ .J. o ___ o. 'L ·-- __ _o . -J _ __o. :J____il. Q____[). _7 ____ o ..._r___ _ ___ _ 

4 3.22 1.63 0.0 0.9 7.5 3&.4 1?.0 O. A& 6.81 0.0 0 .1 1 . 7 9.8 3.1 22.7 6.e -15.9 22.7 
3.Cd 1 0.67 0.82 0.2 0. 0 0 .0 1 2.9 0.2 O.ll 3.45 0 .0 0.1 ().l 3.2 O.t 0.3 0.0 -0.3 z 1.38 1.54 o.6 4.1 4.3 182.4 4.2 o.74 6 . 47 o.o 0 .1 o.~ 3o .o o.a 5.0 0.2 - 4.8 

---------~ --~: -~4-~!- ~-s--8-:-g--~!-g---~~-s~-: -8--- ~-:8---r-: -~3T8:· j2---g~g-g~~---?:~ ---z·8: -~----r-:~-:2-~:-~--.:3.6 s.~ 
3 .JJ 1 2.22 1.63 1.1 2.1 2. 1 64.7 2 .1 o.J5 1.11 o.o o. 1 o .s 11.6 o.5 3.2 o.o -3 .2 

2 2.94 2 .42 z.q 5.7 a.o 416.5 9.l. o.s1 1o.1s o .o o.2 1.1 59.5 1.1 tt.t 2.1 -s~s 

-------h-8:1~--~-!i§--8:-8-·--3:-~z;-~ ·:1----rt;:-i-H-:--~--~~H-ri -:~ -~--3 -~-8--8-:- !-- ~:~--~~:-l--1:- ~ H-:- ~---4~:-t----=+~~ 
4.17 1 1.12 1.12 o.J o.o o .o 27.3 0.3 o. 18 4.68 o .o o . t 0 .1 5 . 6 0 .1 0.4 o.o -o.:. 

2 2.os 1.95 o.9 5. o '3 .7. 283.1 5.3 o.36 a.11 o.o o . z t.o 41.1 1.1 6.3 · o.J -6.0 
------l-~:-3~ - -~!-f~--g:-8~-:- ~-l fi - :-d--J;~-~-- l ·~:-l~ 5}--g:-~~ -·-£!.g- -g ! -}--- ~ : - ?-·-- }~: (--J-:-:f-----d-:-i--r~:t~~-:1 --Tfi:-f----

.,.oo 1 1.09 L.l O 0.3 0.0 0.0 26.5 0.3 0.17 4.61 0 . 0 0 .1 0 .1 5.5 0.1 0.4 O.Q -O .'t 
2 1. ea 1.as o.9 ~.s s.t 256.q 5.1 o.33 7.75 o.o o .2 1 . a 40. o I.J 6.1 o.3 -5 . 8 

-------~--0 · 1; --- ~~ 
5
ag __ *~-~~~-· Q. __ .J.Jr·-3---, 2 !..4___!(_._19_,.3.

7
32 _ _ o_._Q _ _ o ,t __ 0_. 7 __ ? •J._7 __ o • .L __ _]_._L__ _ __o .. __ 4_--=2.....1 ___ ____ _ 

-. 6.9~ ..... ti u. v -..l ~ .... 6 'Jo.9 .~. 0 . 6 .~..45 ,c. B 0 .0 0 . ~ L . Z 22 . 5 2.L 1 2 . 8 fi .B -4.::> LLJ 
5 . 8 9 1 1.9b 1.57 o.5 l.a L8 55.9 2 .0 o.31 6. 55 · o.o o.t c.4 10. 2 o.4 2.4 o.r1 -2.4 

2 2.83 2.37 1.5 5.7 r .3 401 .7. 7.6 o.so ~.92 o.o o.z 1.~ 53 .5 1.~ 9.o 1.1 -7.3 

-----~-~!~}-- ~-;y~-;g--~T~~!--i~~~~-1}~!--~!-tii - d-:-f· ~ -~-:8 ··--8:~ --+:~---~ ~ -:~---~~-~~4-:~---1 !: ·§--~~~[;----YB-:8 
6.78 1 2.02 1.60 C.5 1.9 1 .9 58 .1 2.1: 0,33 6•68 0 .0 0.1 0. 1• 10.7 0 . 4 2 .5 0.0 -2.5 

2 2.86 2.3~ 1.5 5.7 7.4 406.9 7.7 0.51 . 9 .99 o.o 0.2 1.4 59 . 6 1.4 9.1 1.8 -7 .4 
3 1 • 6 5 1 • 2 9 0 • 0 3 • 9 5 • 1 1 g 3 • 2 4 • 1 f) • '• 't 5 • 3 9 0 . 0 . 0 • 2 1 . ~ 4 4 • 2 l • ?. 'i • 3 1 • ?. - 4 • 1 

-----4-Tc;-o ·s---J~4'1-u. C 5. 6-13-. B--r72~ 13~:>-~13-·--:?-;J t>T~ ;n -u~\J--o-~ 2 -- - :.L -"3 - -37~ -~3-;-r--T-LT----rY.r--....:5··;~;--~-
7.67 1 1.9~ t.5a o.s 1.a · l.a 57.1 2.1 o.3~ 6.62 o.o o. 1 o. 4 10.6 o.~ 2 .5 u.o -2.5 

2 2 . 8"1 2 .40 1..5 5.7 7.4 4 lO.i 7.7 0,51 1.0.04 0.0 0 . 2 1. '~ 60.4 . 1.4 9 .1 1.7 -7.4 

- ---·--~ - L 6-: ~ ~ - ~-:--H--8! ·8--~?; -r~ ·; ~-B-t : 2-r~ :- ~ - -~: j~-1 ~ :·~ ~ -- 8:3--8 : -~ - ~: ~ ---·i ~ :~ --- .. }! h~-!-~--r1:-~--=-~: ~ 19. s 
'1.77 1 1.26 1.21 o.o o.o o .o 32. 7 o.o 0.22 s.z1 . o .o o.1 1 .1 6.Q 1J.1 ~:>.1 o.o -0.1 

2 2 . 2 5 2 • 0 1 o • o . 5 • 2 ' • 2 3 t 4 . 6 4 • 5 o . '• 1 8 . 1 1 o • o o . 2 o • 1 4 a . f3 o . J s • '• o . 1 - 5 • 4 
-----~-- ~~l~-j!-3l-8-:-8-};-h-~:-6-d{~-}-1~:~---~-:-~¢-rj~~~--8-:8--8-:1----· ~ · : 1.·---~t-4·--~~~~--d-:i----2:-~-=~-~8---r~ 

8 .C7 1 0. 2 1 0.4 1 0.0 0.0 0 .0 1.6 0.0 0 . 04 1.83 0 .0 0.0 0 . 0 1. 0 ry , J O.J o.a -~.0 
2 o • e 6 t • 1 6 o. o 3 • 2 3 • 2 1 o 1 • 4 2 • a o • 1 n 4 • 6 ·1 o • a o • 1 o • ~--, 2 a. 2 o. 6 3 • 3 o. o -3 • 3 
3 o.o . a.o a.o o.o o.o o.o o.o o.o o.o o.o o.o o.J o.o o.1 o.o o.2 o.z 

--~~---z;-·-g:1o--r.gr o.o 4. 7 7:tri2"5-:~~~:e7f1Z:-<ttr o.o o~-- 1.5-- 30.6 t.:, a .o 3.2 -4~a--g-;u-
_a . zs 1 o.c o.o o.o o.o o.o o.o o.o o.co o.46 o.o o.o o.J o.o o. J o.o o.o o.o 

2 c. 6s o.~8 o.o 2.6 2 .6 11.0 2.2 o. 12 4.13 o.o o.1 o.5 15.5 o.5 2.1 o.0 -2.1 
3 0.0 0 . 0 0.0 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0 0 . ~ 0.0 O.J J.O 0.1 0 .1 
4 3.87 1.83 0 .0 1.9 4. 4 47.9 3.7 O.QJ 8.l7 O. J Q. 2 0 . 9 14.1 0.~ · 4.6 2 . 6 -2.0 

8.'16 1 0.44 0.64 0.2 0 .0 0 . 0 6.6 0.2 0.07 2.70 0.0 0 . 0 IJ.l 2 .1 O.l 0.2 0 . 0 -0.2 
2 1.08 1.33 0.5 3.6 3.8 139.4 3 .7 0.19 5~57 0.0 O.l 0.7 24.8 0.7 4.5 0.2 -4.3 

____ __3 __ o _. o ___ ~ ._a ---~ ._a__o_._o _ o. o ____ o. ll __ o. o _i) • . o __ a. o __ __a . o __ n . o __ o. J ___ u. o ._n~ ~- u _ __a • .3_o_ .. 3 ______ _ 
4 1.so t.16 o.o o.o 4.1 15.2 3.5 o.39 4.83 o .o o.t · o . a 5.5 o.q 4.3 4.3 -c.o 4.3 

9.67 1 0.74 0.87 0.2 0.0 0 .0 14.9 0 .2 0.12 3.~5 0.0 0.1 O.L 3.7 0. 1 0.3 0.0 -C.3 
2 1.23 1.44 0.5 3.9 4.1 161.0 4.0 0 . 22 6.02 o.o 0.1 0.8 28.0 0.8 4.8 0.2 -4.6 
3 o. o o. o o . o_o!_o _ __ p . _o_~o. Q ____ o. o ___ o •. o ·- o. o __ c .o _ _j) . o ___ o ._fJ _ __ o. oJ __ o . _o___o_._O_j).} __ __c_ .. 3 __ -;-

·-·-------4--·-3:ct3-- r:ss--·o~cf 2.1 &.4 49.1 5.4 a·.gs _1.11 o. o 1.2 1.2 12.>~ 1.2 6.& 4.5 -2.1 6.6 
9.92 l 0 .4 q J.69 0.0 0.0 0 .0 8.0 J . O 0.09 3.01 c.o 0.1 O.l 2.6 O.L O. l 0.0 -0.1 

2 o.s9 1.19 o.1 3.2 3.3 111.a 2.9 o.t6 5.oz o . o 0.1 o . F> 21.2 o.;, 3.5 o.1 -3.5 

--~--~ : ft.-~:1~8 :-§-g:£- --~:- ~--r9 :~ - -~ : 9--r:- ~ -~ -r6 :t? --8:6--8 :1-- 1 :~ -- -zi:~ ----? :~:~---1:~~=~---r:.o-
to.oz 1 o.39 o .6 o o.o G.o o . o 5 . 4 o . o o . o 1 Z.bJ c.0 o.o o.o 2. 0 o . o o.c o.o -o.o 

2 o .ez l.13 o.o 3.1 3.1 101.4 ?..7 o .1 5 4.75 o.o o .1 o .6 1'1.5 o.s 3.2 o.o -3.2 ------ - -- J-- - o ·- -~----~ ·--~-0 __ o_'!__o
0 
__ o

3
_.__o __ o_. ~-----o.! o __ o !..a ___ o ._o 3 __ 

1 
p , _95_~ _ __ o ._o __ o_._t ____ o_,l_ ____ z ._4 ___ o ... ~J____o_._'l____o ._z -"' ..... ..8 ____ _ 

-. 6 • ...,, ... . . ~ . o. .6 7.. 84.9 6 . 2 L.:.J .. o. ~ c.o 0.2 1.4 . 22.3 1.4 7.7 3.'1 -3.7 1.1 
10 .1 2 1 o.o o.o o.o o.o o.o o.o o. o o.oo 0.12 J.o o.o ~.o a.o 0.1 o.o o.o o.o 

2 o.32 o.65 o.o o.e o.a 33.2 0.1 o.o6 2.11 o .o o.t 0 .2 7.3 o.z o.q o.o -o.q 
3 __ o._o_ o_._o____o._o __ o..._o __ o..__o__ o •. o_ ..o . o _o_._o _ __o ... o __ o_.J _ _o_ • .D ___ o ... o __ _o ... _a __ <h..J a o----..a...a o~ 

4'7. 3 

,. 



LITERATURE CITED· 

Chow, V.T. and T.E. Harbaugh, 1965 
Raindrop production for laboratory watershed experimentation. 
Journal of Geophysical Research 70(24):6J11-6119. 

Cowan, W.L., 1956 
Estimating hydraulic roughness coefficients. 
Agricultural Engineering 37(7):473-475. 

Crawford, N.H. and R.K. Linsley, 1966 
Digital simulation in hydrology: Stanford Watershed Model IV. 
Technical Report, No. 39, Department of Civil Engineering, Stanford 
University, Stanford, California. 

David, W.P., 1972 
Digital simulation of sheet erosion. 
Ph.D. dissertation, Iowa State University of Science and Technology., 
Ames. 

David, W.P. and C.E. Beer, 1975 
Simulation of soil erosion - Part I. Development of a mathematical 
erosion model, Part II. Streamflow and suspended sediment simulation 
results. 
Transactions, American Society of Agricultural Engineers 18(1):126-133. 

Davis, Darryl J. and Myron Molnau, 1973 
The water cycle on a watershed in the Palouse region of Idaho. 
Transactions of the American Society of Agricultural Engineers 
16(3):587-598. 

Dunn, Irving S., 1959 
Tractive resistance of cohesive channels. 
Proceedings, American Society of Civil Engineers 85(SM3):1-24. 

Ellison, W.O., 1945 
Some effects of raindrops and surface flow on soil erosion and 
infiltration. 
Transactions, American Geophysical Union 26(3):415-429. 

Ellison, W.O., 1947 
Soil erosion studies. 
Agricultural Engineering 28:145-146 (Part I), 197-201 (Part II), 
245-248 (Part III), 297-300 (Part IV), 349-351 (Part V). 

112 



Foster, G.R., L.D. Meyer and C.A. Onstad, 1973 
Erosion equations derived from modeling principles 
American Society of Agricultural Engineers Paper No. 73-2550, 
St. Joseph, Michigan. 

Foster, G.R. and L.D. Meyer, 1975 
Mathematical simulation of upland erosion using fundamental erosion 
mechanics. 
In: Present and Prospective Technology for Predicting Sediment Yields 
and Sources. United States Department of Agriculture, Agricultural 
Research Service, ARS-S-40. 

Frere, M.H., C.A. Onstad and H.N. Holtan, 1975 
ACTMO, an Agricultural Chemical Transport Model. 
United States Department of Agriculture, Agricultural Research 
Service, ARS-H-3. 

Gilbert, K.G., 1914 
The transportation of debris by running water. 
United States Department of the Interior, Geological Survey, Professional 
Paper 86. 

Graf, W.H., 1971 
Hydraulics of Sediment transport. 
McGraw-Hill Book Co., New York. 

Holton, H.N., G.J. Stiltner, W.H. Henson and N.C. Lopez, 1974 
USDAHL-74 revised model of watershed hydrology. 
United States Department of Agriculture, Agricultural Research 
Service, Technical Bulletin No. 1518. 

Horner, G.M., A.G. McCall and G. F. Bell, 1944 
Investigations in erosion control and the reclamation of eroded 
land at the Palouse Conservation Experiment Station, Pullman, Washington. 
United States Department of Agriculture, Technical Bulletin No. 860. 

Horton, R.E., 1945 
Erosion development of streams and their drainage basins; Hydrophysical 
approach to quantitative morphology. 
Bulletin, The Geological Society of America 56:275-370. 

Kilinc, M., 1972 
Mechanics of soil erosion from overland flow generated by simulated 
rainfall. 
Ph.D. dissertation, Colorado State University. 

113 



King, David L., 1976 
Simulation of the snow hydrology of ·the Palouse Prairie 
Master of Science Thesis, Agricultural Engineering, University of Idaho, 
Moscow. 

Klages, K.W., 1965 
Climate of the Palouse area of Idaho. 
Idaho Agricultural Experiment Station Bulletin 448. 

Laws, J.O., 1941 
Measurements of the fall velocity of water drops and raindrops. 
Transactions, American Geophysical Union 22:709-721. 

Laws, J.O. and D.A. Parsons, 1943 
The relation of raindrop-size to in~ensity. 
Transactions, . American Geophysical ~nion, 24 (II):452-459. 

McCool, O.K., Myron Molnau, R.I. Papendipk and F.L. Brooks, 1976 
Erosion research in the dryland grain region of the Pacific Northwest: 
Recent developments and needs. In: Soil erosion: Prediction and 
control, Soil Conservation Society of America. Special Publication No. 21. 

Meyer, L.D. and W.H. Wischmeier, 1969 
Mathematical simulation of the process of soil erosion by water. 
Transactions, American Society of Agricultural Engineers 12:754-758. 

Molnau, Myron and Kyung Hak Yoo, 1977 
Application of runoff models to a Palouse watershed 
American Society of Agricultural Engineers Paper No. 77-2048 
St. Joseph, Michigan. 

Negev, M., 1967 
A sediment model on a digital computer. 
Technical Report No. 76, Civil Engineering, Stanford University, 
California. 

o•Brien, M.P. and B.D. Rindlaub, 1934 
Transportation of bed-load by streams 
Trans. of American Geophysica Union 15(II):593-603. 

Onstad, C.A. and G.R. Foster, 1975 
Erosion modeling on a watershed. 
Transactions, American Society of Agricultural Engineers 18(2):288-
292. 

114 



Pawson, W.W., O.L. Brough, Jr., J.P. Swanson and G.M. Horner, 1961 
Economics of cropping systems and soil conservation in the Palouse 
Pacific Northwest Regional Publication 2:82. 

Rowlison, D.L. and G.L. Martin, 1971 
Rational model describing slope erosion. 
Proceedings, American Society of Civil Engineers 97(IR1):39-50. 

Smerdon, Ernest T. and Robert P. Beasley, 1961 
Critical tractive forces in cohesive soils. 
Agricultural Engineering 42(1):26-29. 

Vanoni, Vito A., P.C. Benedict, D.C. Bondurant, J.E. McKee, R.F. Piest and 
J. Smallshaw, 1966 

Sediment transport mechanics; initiation of motion. 
Proceedings, American Society of Civil Engineers 92(HY2):291-314. 

Vanoni, Vito A., editor, 1975 
Sedimentation Engineering 
American Society of Civil Engineers manuals and reports on engineering 
practice No. 54 
New York. 

Williams, J.R. and H.D. Berndt, 1977 
Sediment yield prediction based on watershed hydrology 
Transaction of the American Society of Agricultural Engineers 
20(6):1100-1104. 

Wischmeier, W.H. and D.O. Smith, 1965 
Predicting rainfall-erosion losses from cropland east of the Rocky 
Mountains. 
United States Department of Agriculture Handbook No. 282. 

Valin, Y.S., 1963 
An expression for bed-load transportation. 
Proceedings, American Society of Civil Engineers 89(HY3):221-250. 

Yoo, Kyung Hak and Myron Molnau, 1976 
Modeling of runoff for erosion studies. 
Partial Technical Completion Report, Project A-047-IDA, 
Idaho Water Resources Research Institute, University of Idaho, Moscow. 

Yoo, Kyung Hak, 1978 
Computer simulation model of soil erosion and deposition from 
agricultural watersheds in the Palouse prairie of the Pacific Northwest. 
Unpublished Ph.D. dissertation 
Department of Agricultural Engineering, University of Idaho, Moscow. 

115 


	197815p001
	197815p002
	197815p003
	197815p004
	197815p005
	197815p006
	197815p007
	197815p008
	197815p009
	197815p010
	197815p011
	197815p012
	197815p013
	197815p014
	197815p015
	197815p016
	197815p017
	197815p018
	197815p019
	197815p020
	197815p021
	197815p022
	197815p023
	197815p024
	197815p025
	197815p026
	197815p027
	197815p028
	197815p029
	197815p030
	197815p031
	197815p032
	197815p033
	197815p034
	197815p035
	197815p036
	197815p037
	197815p038
	197815p039
	197815p040
	197815p041
	197815p042
	197815p043
	197815p044
	197815p045
	197815p046
	197815p047
	197815p048
	197815p049
	197815p050
	197815p051
	197815p052
	197815p053
	197815p054
	197815p055
	197815p056
	197815p057
	197815p058
	197815p059
	197815p060
	197815p061
	197815p062
	197815p063
	197815p064
	197815p065
	197815p066
	197815p067
	197815p068
	197815p069
	197815p070
	197815p071
	197815p072
	197815p073
	197815p074
	197815p075
	197815p076
	197815p077
	197815p078
	197815p079
	197815p080
	197815p081
	197815p082
	197815p083
	197815p084
	197815p085
	197815p086
	197815p087
	197815p088
	197815p089
	197815p090
	197815p091
	197815p092
	197815p093
	197815p094
	197815p095
	197815p096
	197815p097
	197815p098
	197815p099
	197815p100
	197815p101
	197815p102
	197815p103
	197815p104
	197815p105
	197815p106
	197815p107
	197815p108
	197815p109
	197815p110
	197815p111
	197815p112
	197815p113
	197815p114
	197815p115
	197815p116
	197815p117
	197815p118

