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ABSTRACT 

Watershed eros ion da ta  from two ARS watersheds near Treynor, Ioaa 
a r e  used t o  t e s t  an erosion model developed by Onstad and Foster  (1975). 
This model u t i l i z e s  a d i s t r i bu t ed  s e t  of input  va r iab les  and includes a 
detachment and a t ranspor t  phase. Depending on t h e  magnitude of each 
phase, s o i l  is e i t h e r  eroded or  deposited. Predicted sediment y i e l d s  
from s h e e t - r i l l  sources were compared wi th  measured y i e ld s  f o r  s i ng l e  
events and with predic t ions  by the  un ivera l  s o i l  l o s s  equation developed 
by Wischmeier and Smith (1965) and t he  Williams model (1972). A sensi -  
t i v i t y  ana lys i s  was performed f o r  the  f i t t e d  parameter i n  the  Onstad-- 
Foster  model. Confidence i n t e rva l s  were a l s o  calcula ted f o r  a wide 
range of single-event sediment y ie lds .  ,. . 

INTRODUCTION 

Erosion modeling f o r  ag r i cu l t u r a l  watersheds i s  rap id ly  being devel- 
oped t o  meet guidelines f o r  iden t i fy ing  and evaluating the  na tu re  and 
ex ten t  of a g r i c u l t u r a l  pol lu t ion.  Some models use  fundamental f l u v i a l  
hydraul ic  and hydrologic theor ies  and o thers  apply es tabl ished empirical  
techniques. P red ic t ion  needs range from upslope eros ion d i s t r i bu t i on  on 
a storm bas i s  f o r  small  watersheds t o  average annual sediment y i e ld s  from 
l a rge  watersheds. A s ing le  model probably w i l l  not  be su i t ab l e  f o r  a l l  
purposes nor universa l ly  applicable f o r  a s i ng l e  purpose. 

The model explained here  and t e s t ed  aga ins t  two other  models w a s  
designed t o  es t imate  t he  upslope erosion and sediment y i e l d  from small  
watersheds i n  t h e  Corn Bel t  f o r  s i ng l e  r a i n f a l l  events. A mathematical 
procedure i s  described t o  es t imate  s o i l  detachment and t ranspor t  from 
each soil-slope u n i t  of a system of u n i t s  represent ing t h e  watershed 
georoctrry. Sediment: y i e ld s  predicted by t h i s  model are compared with 
meaeiu:ed quan t i t i e s  f o r  two watersheds neer  Treynor, Iowa and wi th  
es t ln~i i tes  obtained by using two other  p red ic t ion  methods. 

DESCRIPTION OF MODEL 

This erosion model cons i s t s  of re la t ionsh ips  describing t h e  two 
phases of the  erosion process, detachment and t ranspor t .  It has been 
described i n  d e t a i l  by Onstad and Foster  (1975) and Frere,  e t  a l .  (19?5). 
The ba s i c  equation used is  the  Universal S o i l  Loss Equation (USLE) with 

. modificat ions described by Foster ,  e t  a l .  (1973). 

A = WKCPSL 



where A i s  t he  s o i l  l o s s  i n  tons/acre  (T/a), W i s  a hydrologic term and 
K,  C, P ,  S, and L a r e  t he  usual  USLE parameters. The hydrologic term, 
W,  is a funct ion of both r a i n f a l l  and runoff. 

where Rst = storm r a i n f a l l  f a c t o r  ( E I  u n i t s  of the  USLE) 
Q = runoff volume ( in )  

qp = peak runoff r a t e  ( in /hr)  
a = coe f f i c i en t  ( O w )  

The numerical constant ,  30, was evaluated from p l o t  da ta  obtained 
with a r t i f i c i a l  r a i n f a l l  on 20 s o i l s  i n  Minnesota and Indiana (Foster ,  
e t  a l .  1973). The coe f f i c i en t ,  a represents  the  r e l a t i v e  importance of 
r a i n f a l l  energy compared with runoff energy f o r  detaching s o i l .  Normal- 
l y ,  - e w i l l  be l a rge r  f o r  watersheds having sho r t  s lopes ,  no vege ta t ive  
cover, and in tense  . r a ins .  Unt i l  more research is conducted, a must be 
evaluated by measured sediment y i e ld s .  

The sediment y i e l d  f o r  a complex s lope depends on t he  detachment 
and t ranspor t  of s o i l  from upslope. I f  s eve r a l  approximately uniform 
segments represent  t h e  slope,  Foster  and Wischmeier (1974) have s h o w  
t h a t  the  detachment capacity can be  represented by 

where Ej  = detachment c a p a c i t y  f o r  segment j ( l b s l i t  width) 
x j  = dis tance  from top of s lope t o  lower end of segment 

j ( f t ) ,  and, a l l  o the r  terms a r e  a s  described f o r  
equations f l ]  and [21 

Each slope segment may have a uniilila :jet of parameters, a s  shown 
i n  equation [3].  When a s lope has n segments, t h e  t o t a l  detached s o i l  
capacity is t h e  cumulative amount of a l l  segments and t h i s  equals the  
s lope sediment y i e ld ,  provided t h a t  t he  s o i l  t r a n s p o r t  capacity is  not 
l imi t ing .  

The t ranspor t  capacity used i n  t h i s  model is represented by the  
equation 

where 

Values f o r  

T = t r anspor t  capacity a t  pos i t ion  x j  ( l b s / f t  width). 
X$ = t r an spo r t ab i l i t y  

S ,  C ,  Wj, and P a r e  t he  same a s  those used f o r  ca lcu la t ing  
detachment. 

Throughout t h i s  d iscuss ion,  T is assumed t o  be  the  same a s  K. I f  
a s lope has more than one s o i l  type, T is  evaluated by ca l cu l a t i ng  t he  
average detachment weighted e r o d i b i l i t y  of each s o i l .  This value  re-  
f l e c t s  the  t r an spo r t ab i l i t y  of mate r ia l  from upslope segments across  t h e  
segment being evaluated. 

Sediment y i e ld  is calcula ted t o  the  bottom of each s lope segment by 
comparing the  t o t a l  s o i l  detachment and t he  t ranspor t  capacity.  I f  
t r anspor t  capacity exceeds the  detached load of t h e  segment p lus  



contr ibut ions  from upslope segments, then sediment y i e l d  is t h e  sum of 
t h e  detached load plus  upslope contr ibut ions .  I f  t h e  t r anspor t  capa.city 
is l e s s  than the  t o t a l  s o i l  ava i l ab le  t o  be t ranspor ted ,  t h e  sediment 
y i e l d  equals  t h e  t r anspor t  capacity and the  remainder of t h e  s o i l  i s  
considered t o  be deposited. Calculat ions a r e  begun f o r  t h e  uppermost 
segment and continued u n t i l  the  channel is  reached. The sediment y i e l d  
f o r  t h e  watershed is assumed t o  be  t h e  sum of t h e  y i e l d s  of a l l  t h e  
streamtubes a t  the  channel. A l l  sediment con t r ibu t ions  reaching t h e  
channel are assumed t ranspor ted  from t h e  watershed. The f i n a l  r e s u l t s  
a r e  t h e  storm sediment y i e l d  from t h e  watershed and t h e  d i s t r i b u t i o n  
of eros ion throughout t h e  watershed. 

TESTING PROCEDURE 

The sediment d a t a  used f o r  model t e s t i n g  w e r e  obtained from 
Watersheds 1 (74.5 a )  and 2 (82.8 a )  of t h e  Agr icu l tu ra l  Research Service  
near  Treynor, Iowa (Saxton, e t  a l . ,  1971). These watersheds a r e  s ingle-  
cropped and t y p i c a l  'of t h e  deep l o e s s i a l  s o i l  region of western Iowa. 
Detai led hydrologic and sediment d a t a  a r e  a v a i l a b l e  f o r  each major e;rent. 
These d a t a  inc lude r a i n f a l l ,  hydrographs and sediment loads.  

To d iv ide  the~wate r shed  i n t o  a s e r i e s  of s lopes ,  we drew flow l i n e s  
on topographic maps of the  two watersheds. These flow l i n e s  were se:Lect- 

. ed t o  separa te  d i f f e r e n t  regions with respec t  t o  overland flow character -  
i s t i c s  as described by Onstad and Brakensiek (1968). Each a r e a  between 
adjacent  l i n e s  c o n s t i t u t e s  a complex s lope  along which detachment and 
t r a n s p o r t  c a p a c i t i e s  were ca lcula ted  with equations [ 3 ]  and [ 4 ] .  The 
slopes were divided i n t o  segments t o  represent  t h e  major gradients .  Each 
segment i s  considered t o  be homogeneous with respec t  t o  W ,  K ,  C ,  P, and 
S. The s t reamlines  se lec ted  t o  represent  t h e  two watersheds a r e  shown 
i n  Figures 1 and 2. 

Watershed 1 was divided i n t o  30 ,complex s lope  u n i t s  and Watershed 2 
i n t o  4 8  u n i t s .  The a r e a  and the  length  of t h e  contour boundaries of 
each u n i t  w e r e  measured, and the  averege slope length  was determined by 
assuming each u n i t  t o  b e  t rapezoidal .  Average s lope  gradient  f o r  each 

' 

segment was determined by measuring t h e  length  and r e l i e f  of a tragsr!ct 
drawc wi th in  each segment. These geometric parameters allow computat:ion 
of S and x of equations [3] and [4]  f o r  each s lope .  

Both watersheds are composed of Ida m d  Monona s o i l s ,  using a s o i l  
e r o d i b i l i t y  f a c t o r ,  R, of 0.32. The pracziccs f a c t o r ,  P, was assumed t o  
be l.O, because t h e  contour farming w a s  not e f f e c t i v e .  The cropping-. 
management f a c t o r ,  C ,  was determined from Wischmeier and Smith (19651, 
us ins  crop s t a g e  periods averaged over t h e  yi?ars inves t iga ted .  

I d e a l l y ,  the  runoff parameters, Q and q , f o r  a p a r t i c u l a r  storn. 1' 
1-~ould be est imated by using a r e l i z b l e  hy(.lro.Logic model a t  a l l  point. 
~~eecllxl on t h e  watershed and the  r a i n f a l l  f a c t o r ,  Rst , would be detern.ined 
from a r a i n f a l l  histogram. The d a t a  available from t h e s e  watersheds 
included r a i n f a l l  histograms f o r  determining Rst, t h e  o u t l e t  hydrograph 
f o r  determining Q and qp, and t h e  sedimenl: y i e l d  from s h e e t - r i l l  sources. 
Throughout the t e s t i n g  procedure, both t h e  r a i n f a l l  f a c t o r ,  Rst, and t h e  
runoff volume, Q ,  were assumed t o  be  uniform:Ly d i s t r i b u t e d  over t h e  
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watershed so  t h a t  t h e s e  f a c t o r s  were cons tant  and uniform f o r  a l l  
'segments. 

The peak r a t e  of runof f ,  qp, was es t imated  a t  t h e  bottom of each 
segment by using a weighting f a c t o r  toge ther  wi th  t h e  measured peak rate 
from t h e  watershed. Seve ra l  r e s i s t a n c e  formulas,  such a s  Manning's and 
Chezy's, use  a r e a  o r  t h e  square  r o o t  of t h e  s l o p e  g r a d i e n t  as independent 
p r e d i c t i o n  v a r i a b l e s .  Co sequent ly ,  t h e  peak f low r a t e  weighting f a c t o r  
f o r  each segment was assfi2, where as i s  t h e  segment a r e a  and s ,  t h e  
s l o p e  gradient .  I f  t h e  segment bordered t h e  d iv ide ,  i t s  weight w a s  t h a t  
ca l cu la t ed .  Proceeding downslope, t h e  weighting f a c t o r  was accumulated 
f o r  each segment encountered. The peak flow r a t e  f o r  each segment w a s  
then c a l c u l a t e d  t o  be t h e  product of t h e  measured watershed peak f low 
r a t e  and t h e  accumulated weighting f a c t o r .  

The parameter,  2, of equat ion  123 w a s  determined f o r  each watershed 
by minimizing t h e  va r i ance  between measured and p red ic t ed  sediment y i e l d  
f o r  h a l f  of t h e  s e l e c t e d  events .  The s e l e c t e d  events  were t h o s e  consid- 
e red  t o  be w e l l  sampled i n  terms of sediment concent ra t ion  f o r  1965 
through 1972 -- 62 storms on W - 1  and 48 s.torms on W-2. The parameter ,  2, 
was determined f o r  W - 1  and W-2 s e p a r a t e l y  and then  combined because t h e  
watersheds a r e  s i m i l a r  i n  l o c a t i o n ,  s o i l s ,  topography, and crop. The 
opt imiza t ion  was done t o  minimize t h e  sum of t h e  squared d e v i a t i o n s  
expressed a s  

A 

where Y i  is t h e  es t imated  sediment y i e l d  and Y i ,  t h e  measured y i e l d .  
The r e s u l t s  of t h e s e  op t imiza t ions  f o r  t h e  a va lue  a r e  shown i n  Table 1. 
The va lues  of a determined by opt imizing y i e l d s  were 0.14 f o r  W - 1  and 
0.08 f o r  W-2, and  t h e i r  combined v a l u e  was 0.10. 

Table 1. Resul t s  of op t imiza t ion  runs  f o r  t h e  de terminat ions  of 2 

Sum of squared dev ia t ions  
F i r s t  h a l f  A l l  r2 ( a l l  

a - events  even t s  events )  

W- 1 0.14 36.68 32.86 0.97 
W- 2 0.08 15.86 98.18 0.96 
W - 1  ant! 0.10 54.50 252.60 0.94 
W- 2 

Figure  3 shows t h e  s e n s i t i v i t y  of t h e  f i t t e d  parameter,  a. The 
curve i n d i c a t e s  t h e  amount of e r r o r  t o  be  expected when t h e  va lue  of 

. - a is  va r i ed .  For example, f o r  a range i n  a from 0.05 t o  0.15, t h e  
change i n  squared dev ia t ions  is  10 percent-or l e s s .  

Tables  2 and 3 l ist  each event  and i ts  measured sediment y i e l d  f o r  
Watersheds 1 and 2 ,  r e s p e c t i v e l y .  The measured sediment y i e l d s  range 
from 0.01 t o  49.72 tons / ac re .  Also l i s t e d  a r e  i n d i v i d u a l  p red ic t ed  sed i -  
ment y i e l d s  and a s s o c i a t e d  SD us ing  t h e  Onstad and Fos te r  model descr ibed  
previous ly .  The storms used i n  ob ta in ing  the va lue  of 2 were events  



Parametet a 
Figure 3. Sensitivity of parameter a 

1 through 31 on Watershed 1 and 1 through 24 on Watershed 2. Neither of . '  

these intervals included the large storm of June 20, 1967. Deposition was 
calculated on s i x  of the segments in each \ratc;rshed. These values, as 
pointcr0 out earlier, are those obtained using the combined watershed opti- 
mized value of a equals 0.10. All other storn~s on these two watersheds 
can be consider2 to be predicted because they did not enter into any 
parameter determinations. 

The Williams model for sediment.yield (1972) is expressed as 
G = a(Qqp) B KLSCP 

G = sediment yield for an individual storm (tons) 
Q = runoff volume (acre-ft .) 

, qp - peak flow rate (cfs) 
a, @ = modal parameters 

and K, L, S, C, and P are as defined previously. 
This io a lumped model, because constant averege values of K, L, S, C, andP 



Table 2. Comparison of measured sediment yields with those.predicted 
by three models, Watershed 1, Treynor,. Iowa. 

Measured Onstad and Foster Williams .USLE 
Event sediment model model. ' 

No. yield Yield Deviation Yield Deviation. .Yield ... Deviataon 
squared squared ' squared 

(TI4  (Tla) (TI4  (Tla) 



Table 2. Continued. 

Measured Onstad and Foster  Williams USLE . .  

Event sediment model model ' 

No. y i e l d  Yield Deviation Yield Deviation Y$eld..-Deviation 
uar=d. .  " " . .  squared ' 'squared 

( T I 4  ( T I 4  @/a) ( T I 4  

Table 3. Comparison of measured sediment y i e l d s  with those predicted 
by t h r e e  models, Watershed 2 ,  Treynor, Iowa. 

Measured Onstad and Foster  W i l l i a m s  USLE 
Event sediment model rnodel - 

No. y i e l d  Yield Deviation Yield Deviation Yield Devia.tion 
squared squared equered 

( T I 4  (Tla) (T / i n )  



' Measured Onstad and Foster  willdams , . . . . . . . . . . . . . .USLE.. . . . . . . . . . . 
. model ' ' ' ' 'model " ' ' . . . . . , .  . . . . . . .  

Event sediment 
No. y i e l d  , Yield Deviation Yield Deviation.. .Y ie ld  'Deviation u a r e d " ' . ' . " . '  squared Q ' squared 

(Tla) ( T I 4  ( T I 4  (Tla) 

a r e  appl ied  t o  t h e  e n t i r e  watershed. Only sediment y i e l d  p red ic t ions  a t  
t h e  watershed o u t l e t  a r e  ca lcula ted .  Therefore, once t h e  parameters have 
been evaluated,  equation [6] must be ca lcu la ted  only once f o r  each event. 



wll l iams (Persanal  Communication, June 23, 1975) has Lcalculated 
average SL va lues  f o r  Watersheds 1 and 2 t o  be 1.38 and 1.29, respec- 
t i v e l y .  By us ing  C va lues  t h a t  depended on s torm d a t e s  and assuming P 
equals  one, h e  obta ined  t h e  following equat ion  by non l inea r  l e a s t  squares  
op t imiza t ion  f o r  213 events  on W - 1  and W-2. 

G = 7.24 (Qqp) O *  8" ~ ~ s c p  [ 71 

The c o e f f i c i e n t  of determinat ion was 0.93. Tables  2 and 3 - i n c l u d e  t h e  
r e s u l t s  us ing  W i l l i a m s  model as evalua ted  by equat ion  [7] .  

The last  set of d a t a  on 'Tables 2 and 3 d e p i c t s  t h e  p r e d i c t i o n s  of 
t hese  same storms us ing  t h e  USLE. The USLE parameters were determined 
i n  t h e  same manner as i n  t h e  Williams model. A sediment d e l i v e r y  r a t i o  
was n o t  used because, of t h e  110 storms shown i n  Tables 2 and 3, t h e  
sediment y i e l d  from 45 was a l r eady  underest imated by t h e  USLE. 

COMPARISON OF THREE MODELS 

Seve ra l  comparisons of r e s u l t s  obta ined  wi th  t h e  t h r e e  models a r e  
shown i n  Table 4. The f i r s t  column lists the  SD f o r  t h e  s torms over  
which t h e  parameter a was ca l cu la t ed  i n  t h e  Onstad-Foster model (OF) f o r  
bo th  watersheds taken  together .  This  v a l u e  is  minimum. The correspond- 
ing  minimum va lue  f o r  t h e  Williams model would probably b e  those  u t i l i z -  
i ng  a l l  t h e  s torms,  s i n c e  about t h i s  number of storms were used t o  
c a l c u l a t e  a and B f o r  each of t h e  watersheds. A l l  f i t t i n g s  f o r  t h e  USLE 
were previous ly  done i n  i t s  development us ing  o t h e r  d a t a  from sma l l  p l o t s .  

Table 4. Comparisons of d i f f e r e n t  models f o r  computing sediment 
y i e l d s  a t  Treynor, Iowa. 
Watershed 1 

- 
Summation of squared dek ia t ions  (SD) 

Models Best Events ~ v e n t s *  
Events: . 1-31 32-62 1-62 1-62* 56 O.lOT/a 5.0 'P/a 

events  o r  less o r  more 
(12 (7 

events )  ' events)  
Onstad and 38.08 83.12 121.20 66.22 22.80 0.70 41.20 

Fos te r  Model 
W i l l i r u n s  Model 93.56 93.69 187.25 1.40.87 51.84 0.00 103.31 
USLE 88.96 760.86 849.82422.16 119.30 96.12 " 7 6 . 6 8  

Watershed 2 - 
Summation. of squared&eviations (SD) 

Models Bes t  Events ~ v e n t s *  
Events: 1-24 25-48 

even t s  o r  l e s s  o r  m3re 
(11 (6 

even t s )  events )  
Onstad and 16.42 114.98 131.40 39.38 12.96 4.26 20.54 

Fos te r  Model 
W i l l i z u n s  Model 
USLE 85.94 863.32 949.26 274.30 104.34 84.42 '64.52 
*Omitting s torm of June  20, 1967. 



- 
I The t h i r d  column of Table 4 shows t he  r e s u l t s  of t h e  th ree  models 
f o r  a l l  storms. Because a l a rge  amount of devia t ion is  associa ted with 
the  e-xtreme event of June 20, 1967, t he  da ta  i n  column four  shows t h e  
r e s u l t s  with t h i s  storm omitted. About 50 percent  of t he  t o t a l v a r i a c i o n  
i n  the  OF mod-el and USLE was due t o  t h i s  storm and about 25 percent  i n  
the  Williams model f o r  W-1. The t o t a l  e r r o r  var iance  of t h e  OF model i s  
about one-half of t h a t  f o r  the  Williams model and about one-sixth of t h a t  
f o r  the  USLE. 

Often it is contended t h a t  j u s t  a few out ly ing po in t s  unduly in f lu -  
ence the  r e s u l t s  of a s t a t i s t i c a l  analys is .  To check t h a t  e f f e c t  here,  
the  worst f i t s ,  10 percent  of the  storms, were excluded. When t h i s  was 
done, the  average var iance  per storm f o r  a l l  t h e  models decreased. The 
decreases on Watershed 1 were from 1.95 t o  0.41 f o r  t he  OF model, from 
3.02 t o  0.93 f o r  the  W i l l i a m s  models, and from 13.71 t o  2.13 f o r  t h e  
USLE. Reductions i n  variance on Watershed 2 were s imi la r .  Again, t h e  
smal les t  amount of var iance  is  associa ted with the  OF model. 

Because the  energy term i n  the  Williams model is associa ted only 
with runoff and t h a t  f o r  the  USLE is  associa ted only with r a i n f a l l ,  d i f -  
ference i n  degree of f i t  may be associa ted with t h e  magnitude of t h e  
runoff .  Columns s i x  and seven of Table 4 show t h e  summation of var iance  
f o r  t he  small and l a r g e  runoff events, respect ively .  The Williams model 
p r ed i c t s  the  small  events on both watersheds very accurately.  The USLE 
p red i c t s  these  small storms very poorly. For t he  l a rge  storms, t h e  
opposite i s  t rue .  This suggests t h a t  runoff cha r ac t e r i s t i c s  a r e  the  
major inf luence on sediment y i e ld s  f o r  small storms and r a i n f a l l  char- 
a c t e r i s t i c s  a r e  t he  major f a c to r s  f o r  the  l a rge  storms. I n  general ,  
Table 4 c l e a r l y  i l l u s t r a t e s  t ha t  a model containing an energy term t h a t  
combines r a i n f a l l  and runoff is super ior  t o  one containing only a r a i n f a l l  
o r  a runoff f a c to r .  

A l i n e a r  regress ion of measured versus predic ted sediment y i e l d  by 
the  OF model using the  da ta  i n  Tables 2 and 3 (measured and OF predic ted , 
va lues ) ,  had a s lope of 0.97 + 0.05 a t  t he  95 percent  confidence l e v e l  
and an i n t e r cep t  of 0.06 - + 0.31 a t  the  95 percent  l eve l .  Throughout t he  
range of measured values ,  the  95 percent  confidence b e l t  includes t he  
l i n e  of equal  values. 

Table 5 shows t he  confidence range and t he  percent  of t h e  estimated 
value. For predic ted values of l e s s  than 0.25 tons per a c r e ,  t h e  confid- 
ence b e l t  is  about + 100 percent  o r  l a rger .  For l a rge r  values ,  t h e  :on- 
f idence b e l t  narrows so  t h a t  a t  a predicted value of 1.0 ton p e r  acr.:, 
the  range is  about + 30 percent ,  and f u r t h e r  decreases t o  a constant  
width, of about 10 percent  a t  predidted values of between 5 and 10 t o  3s 

per acre .  

Validation tests of the  Onstad-Foster (OF) s h e e t - r i l l  watershed 
erosion model on two watersheds i n  south17est Iowa showed encouraging 
r e s u l t s ,  The model p r ed i c t s  sediment y i e l d  from s ing l e  storms. The 
storms t e s t ed  produced sediment y i e ld s  from 0.01 tons per  a c r e  t o  near ly  
50 tons per acre .  I n  general ,  t h e  OF model predic ted storm sediment 



q u i t e  accu ra t e ly .  Also shown were s e n s i t i v i t y  r e l a t i o n s  f o r  s i n g l e  
, f i t t e d  parameter i n  t h e  OF model and confidence i n t e r v a l s  throughout  t h e  
range of p red ic t ed  even events .  The r e s u l t s  from t h e  OF model were com- 
pared  w i t h  t h e  W i l l i a m s  model and t h e  USLE. These r e s u l t s  showed t h a t  
OF model performed b e t t e r  than  t h e  o t h e r  two models f o r  t h e  storms 
t e s t e d .  

Table 5. Confidence l i m i t s  about  t h e  l i n e  of e q u a l  v a l u e s  f o r  t h e  
Onstad-Foster Model on Watersheds 1 and 2 ,  Treynor,  Iowa. 

Tons / a c r e  e s t i m a t e  Tons / ac re -  e s t i m a t e  
0.25 0.00 - 100 0.59 136 
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