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ABSTRACT 

Lake s ed imen ta t i on data and w a t e r s h e d fac to r s 
a r e c o r r e l a t e d u t i l iz ing r e s u l t s on 20 l a k e s va ry ing 
in o r ig ina l capac i ty f r o m 3.7 to 61,309 a c r e - f e e t 
and having w a t e r s h e d s f r o m 0.09 to 258 s q u a r e 
m i l e s . All w a t e r s h e d s a r e loca ted within the deep 
l o e s s so i l s of the Spr ingf ie ld P l a in phys iog raph ic 
a r e a in w e s t - c e n t r a l I l l i no i s , and the conc lus ions 
r eached in this s tudy apply to th is a r e a only. 

T h i r t e e n l ake and w a t e r s h e d v a r i a b l e s w e r e 
t e s t ed by mul t ip l e c o r r e l a t i o n a n a l y s i s for t he i r 
s ignif icance in d e t e r m i n i n g the r a t e a t which sed i 
ment is depos i t ed in a l ake . Those v a r i a b l e s 
s ignif icant at the 10 p e r c e n t l eve l , or having s ign i 
f icance that could p robab ly be r e p r o d u c e d on the 
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The study r e p o r t e d h e r e was conducted coope r 
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p r o g r a m of r e s e r v o i r s ed imen ta t i on p r o b l e m s in 
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p u r p o s e s : to deve lop for I l l inois the r e l a t i on of 
s ed imen t yield to w a t e r s h e d c h a r a c t e r i s t i c s , to 
d e t e r m i n e the effect of c o n s e r v a t i o n p r a c t i c e s on 
r e s e r v o i r s e d i m e n t a t i o n , and to e s t a b l i s h the r e l a 
t ion of r e s e r v o i r s ed imen ta t i on to r e s e r v o i r and 
sed imen t c h a r a c t e r i s t i c s . M r . L . C . Got t scha lk , 
Soil C o n s e r v a t i o n S e r v i c e , was ac t ive in the con
cept ion, p lann ing , and conduct of the c u r r e n t s tudy. 
H. G. H e i n e m a n n and L. M. Glymph, A g r i c u l t u r a l 
R e s e a r c h S e r v i c e , fu rn i shed t echn ica l advice d u r 
ing the s tudy. S. W. M e l s t e d , I l l inois A g r i c u l t u r a l 
E x p e r i m e n t Sta t ion, s u p e r v i s e d the phys ica l ana l 
y s e s of the r e s e r v o i r s ed imen t s a m p l e s obta ined. 
C . E . Downey, Soil C o n s e r v a t i o n S e r v i c e , c a r r i e d 
out the m a j o r amount of the w a t e r s h e d so i l mapp ing . 
J . C . Nei l l , I l l inois S ta te Wa te r Su rvey , s e r v e d as 
consul tan t to the a u t h o r s in the s t a t i s t i c a l p h a s e s 
of the s tudy. Most of the s t a t i s t i c a l computa t ion 

a v e r a g e in 9 of 10 new se t s of d a t a , w e r e r e t a ined 
a s i m p o r t a n t . Nine di f ferent equa t ions a r e p r e s e n t e d 
which conta in f rom one to s ix independent v a r i a 
b l e s , having va ry ing a c c u r a c i e s i n d e t e r m i n i n g the 
dependent s ed imen t depos i t ion . 

The m o s t a c c u r a t e , Equa t ion 6 , a l lows c o m 
puta t ion of the s ed imen t depos i t ion wi th in 50 p e r c e n t 
confidence l i m i t s of +8.2 tons p e r a c r e and 95 
p e r c e n t l i m i t s of 25.6 tons p e r a c r e . Included in 
Equa t ion 6 a r e : a s lope fac to r , a g e , g r o s s e r o s i o n , 
capac i ty - in f low r a t i o , n o n - i n c i s e d channe l dens i ty , 
and a w a t e r s h e d shape f ac to r . All equa t ions a r e 
app l i cab le to a r ange of s e d i m e n t depos i t i on f r o m 
3 to 102 tons p e r a c r e . 

was a c c o m p l i s h e d by the U n i v e r s i t y of I l l inois 
d ig i t a l c o m p u t e r , the I l l i ac . 

Study A r e a 

The a r e a s tudied in the c u r r e n t i nves t iga t ion 
was chosen on the b a s i s of the needs for s e d i m e n t 
i n fo rma t ion of the coope ra t i ng a g e n c i e s a t the t i m e 
the i nves t i ga t i on of th i s s tudy a r e a was p lanned in 
1949. The s tudy a r e a i s loca ted in the n o r t h w e s t e r n 
po r t i on of the Springfie ld P l a i n phys iog raph i c 
r eg ion as de l inea t ed by Leighton , Ekblaw and 
H o r b e r g . ( 1 ) The loca t ion of t h i s Study A r e a No. 1, 
i s shown in F i g u r e 1 . T h e s e a u t h o r s d e s c r i b e the 
r eg ion as including the leve l p o r t i o n of the I l l inoian 
dr i f t shee t in c e n t r a l and south c e n t r a l I l l i no i s . 
They c h a r a c t e r i z e t h i s d iv i s ion as a flat p la in with 
a low and b r o a d m o r a i n e . The d r a i n a g e s y s t e m s 
a r e wel l deve loped , the up lands a r e low with r e s 
pec t t o m a s t e r s t r e a m s , and the va l l eys a r e 
r e l a t i ve ly sha l low. Most of the p r i n c i p a l s t r e a m s 
have low g r a d i e n t s and occupy b r o a d a l luv ia ted 
t e r r a c e d v a l l e y s . The I l l inoian dr i f t i s c o v e r e d by 
a b lanke t of l o e s s v a r y i n g f r o m m o r e than 200 
inches a long the n o r t h e r n and w e s t e r n edges of the 
s tudy a r e a to 75 to 100 inches a long the s o u t h e r n 
and e a s t e r n edges a s d e s c r i b e d by Smi th . ( 2 ) 

INTRODUCTION 
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The soils are predominantly formed from loess 
and are classified in soil associations "K" and "L" 
as delineated by the Illinois Agricultural Experi
ment Station.(3) The soils in association K are 
predominately in the Bolivia-Ipava group which 
are dark colored, moderately permeable, and 
developed under the influence of prair ie vegetation. 
The Alma-Bogota-Hickory soils associated in the 
L association are somewhat more leached and 
lighter colored on the surface due to the influence 
of a natural t imber vegetation. 

Data are available on 20 lakes in this study 
area . These lakes and their watersheds vary con
siderably in size, watershed character is t ics , and 
intensity of cultivation and yet they are considered 
typical of this region. The locations of these 20 
lakes are shown in Figure 2. 

LAKE DATA 

Table 1 contains a summary of the physical and 
sedimentation data on the lakes studied. With the 
exception of Lakes No. 2, 8, 9 and 10, complete 
summaries of survey resul ts have been published 
by the Interagency Committee on Water Resources'.'0 

Columns 1 and 2 identify each lake by number 
and lake owner, respectively. In most cases the 
lakes are owned by either a municipality or an 
individual. 

Column 3 gives the age of the lakes in years at 
the time each was surveyed during the period 1950-
1954. At the bottom of column 3, it will be noted 
that the maximum age was 55 years and that the FIGURE 1 PHYSIOGRAPHIC DIVISIONS OF ILLINOIS (AFTER LEIGHTON) 

SHOWING STUDY AREA NO. 1 LOCATION 

TABLE 1 
LAKE DATA 
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FIGURE 2 STUDY AREA NO. 1 SHOWING LOCATIONS OF 20 LAKES SURVEYED 
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minimum age was 9 years . The designation "A" 
shown at the head of column 3 indicates that this 
factor, the age of the reservoi r , entered into the 
regression equations described later . 

Column 4 shows the original surface area of 
the lake in ac re s . Column 5 shows the original 
storage capacity of the lake in acre feet. 

FIGURE 3 USE OF PISTON-TYPE SEDIMENT SAMPLER 

Column 6 shows the total volume of sediment 
deposited in the lake in acre-feet . This figure was 
determined by the detailed sedimentation survey of 
each reservoi r , utilizing methods developed by the 
Soil Conservation Service and described by Eakin (5) 

and Gottschalk.(6) 

Column 7 shows the average annual loss of 
storage capacity in percent. 

Column 8 gives the number of sediment samples 
obtained from each lake. These samples were 
obtained at a maximum depth of two feet below the 
top of the sediment by use of a thin-wall, core 
type sampler 1-3/8 inches in diameter. This sedi
ment sampler is i l lustrated in Figure 3. The speci
fic weight of each sample was adjusted to represent 
the specific weight of the sediment at the midpoint 
of the sediment column at that location. The authors 
feel that this best reflects the mean specific weight 
of the entire thickness of sediment. 

Column 9 shows the average specific weight of 
the sediment in the lake. Specific weight is the dry 
weight of solids per unit volume of the water-sedi
ment mixture; it is expressed in pounds per cubic 
foot. The figures in column 9 are the weighted 
average of the s p e c i f i c weights of sediment 
deposited in the various segments of the lake. 

TABLE 2 
Watershed Data 
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Column 10 shows the average sediment deposi
tion in the lake, expressed in tons per acre of 
watershed. In this case the total tons of sediment 
deposited in the lake have been divided by the 
watershed land area . This value of sediment de
posited in the lake has been labelled " P " and used 
throughout the remainder of this study as the 
dependent variable in the regression analyses. 

The capacity-inflow ratio of each lake at the 
time of its construction is shown in column 11. 
This was utilized as variable "I" in the regression 
analysis. This is the ratio of the capacity of the 
lake at the time of construction to the mean annual 
inflow. Inflow was determined by utilizing records 
of streamflow of the Macoupin Creek near Kane(7) 

and the South Fork of the Sangamon River near 
Kincaid.(7) Both of these basins are virtually 
adjacent to the study a rea on the south. Flow records 
from the gage nearest to the lake were used to 
compute the inflow to each lake. The Macoupin 
Creek record covered the years 1922 to the present 

Watershed information utilized in this study is 
shown in Table 2 which contains both physical data 
determined by field survey and computed informa
tion as described below. 

The first column gives the lake identification 
number. Column 12 gives the total land drainage 
area in square miles and column 13 shows the same 
drainage area expressed in ac r e s . 

Column 14 gives the rate of gross erosion on 
the watershed in tons per acre per year. This 
value was computed by the method of Van Doren 
and Bartelli . ( 9 ) This method utilizes soil group, 
slope, and erosion data developed from field sur
veys, and land use data as derived from township 
census reports . Gross erosion represents the 
average annual soil loss from sheet erosion based 
on a normal distribution of rainfall. In only one of 
the lakes studied, No. 9, was gully erosion con
sidered significant. In this case, all gullies were 
mapped, and the measured quantity of gully erosion 
is included in the values shown in column 14. Gross 
erosion was utilized as variable "E" in the re 
gression. 

Figure 4 i l lustrates the type of soil information 
used to compute soil loss . A soil map of the water
shed of Lake No. 7 is shown. The map designations 
contain three symbols which show soil group, slope 
and erosion. For example, the area labelled 3E2 
denotes soil group No. 3 having an E slope and 
"2" erosion. Slopes vary from A through E as the 
steepness increases , and erosion varies from 0 
through 3 according to the inches of soil removed. 
The land use is designated on the map as L, culti-

except for the period 1934-1940. The Sangamon 
record covered 1918 to the present except for the 
year 1928, 1931, and 1934-1944. The missing rec
ords were synthesized using the s t ream gage record 
of the LaMoine River near Ripley(7) (1934 to the 
present) which is located just north of the study 
area . 

The ages of the lakes surveyed varied from 9 to 
55 yea r s . For the lakes built in 1918 or later near 
the Sangamon River, or 1934 or later near Macoupin 
Creek, the actual inflow for the sedimentation 
period of the lake was utilized to compute the 
capacity-inflow ratio. For lakes constructed pr ior 
to these dates, the mean flow for the entire period 
of record prior to 1954 was utilized. 

The capacity-inflow ratio was included in this 
analysis due to its influence on the t rap efficiency 
of the rese rvo i r . Its relationship with t rap effi
ciency has been shown by Brune. (8) 

vated land; F, forest land; H, farmyard; and P, 
pasture. 

The utilization of this map to make the actual 
computations of soil loss according to the Van 
Doren and Bartell i method is shown in Table 3. The 
resulting value of 4.5 tons per acre per year 
appears also in Table 2, column 14, opposite Lake 
No. 7. 

Column 15 of Table 2 gives the incised channel 
density in feet per acre , and column 16 the non-
incised channel density in feet per ac re , "C" in 
the regress ion. Column 17 is the total of columns 
15 and 16. The mapping of these two different 
types of channels was accomplished as a part of 
the watershed soil survey. An incised channel is 
one in which the flow of water is sharply cut into 
the earth, characterized by steep side banks re 
gardless of size of channel. It is i l lustrated in 
Figure 5. The non-incised channel is a drainage-
way, between two slopes, in which water must 
collect and flow away; there is no incision into the 
earth and yet a definite drainageway is present . 
Such a channel is pictured in Figure 6. 

In column 18 of Table 2 is shown the mean 
slope of th i rd-order s t reams of the part icular 
watershed in question expressed in feet per mile. 
Horton(l0) devised a method of study of the relation
ships involved in s t ream systems. Strahler ( 1 1 ) has 
discussed these relationships and other authors in 
the field of sedimentation have utilized these para
meters successfully. In the watersheds under study, 
field surveys were made to measure the slopes of 
a number of the representative channels of each 

WATERSHED DATA 
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FIGURE 4 SOIL SURVEY MAP OF WATERSHED OF LAKE NO. 7; EXPLANATION OF SOIL DESIGNATIONS GIVEN ON PAGE 9 

FIGURE 5 TYPICAL INCISED CHANNEL FIGURE 6 TYPICAL NON-INCISED CHANNEL 
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order. The s t ream systems in these twenty water
sheds were assigned orders and the general rela
tionships devised by Horton were verified. 

Figure 7 is a map of the watershed of Lake 
No. 6 illustrating the Horton ordering system as 
revised by Strahler. Each unbranched tr ibutary is 
considered a f i rs t -order s t ream and has been 
labelled " 1 " in Figure 7. A stream formed by the 
confluence of two f i rs t -order s t reams is considered 

a second-order s t ream. These have each been 
labelled "2" in Figure 7. At the point where two 
second-order s t reams combine, a th i rd-order 
s t ream is formed. There occurs a single third-
order s t ream in Figure 7 and it is labelled " 3 " . 

Horton(10) has shown a semi-logari thmic re 
lation to exist between the mean slopes of s t reams 
of the various o rders . This relation was generally 
verified in the twenty watersheds of Study Area 

TABLE 3 

Sample Computation of Gross Erosion (E), 
Watershed of Lake No. 7 

Slope Length = 200 Feet 
Mean Rotation 1909-1945 = 1-1-0 

Mean Soil Loss or Gross Erosion 
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TABLE 4 

Slope of Streams in Drainage Area 
of Lake No. 6 

FIGURE 7 STREAM SYSTEM OF LAKE NO. 6 WATERSHED SHOWING HORTON ORDER NUMBERS AND FOUR DIRECT SUBBASINS 



No. 1. An example of th i s r e l a t i o n is shown by the 
data for Lake No. 6 conta ined in Tab le 4. The 
s e m i - l o g plot of t h e s e da ta is i l l u s t r a t e d in 
F i g u r e 8 . 

P r e l i m i n a r y p lo ts showed the i m p o r t a n c e of 
t h e s e s lope f a c t o r s in th i s s ed imen ta t i on s tudy. 
The s lope of the t h i r d - o r d e r s t r e a m as shown in 
column 18 of Tab le 2 was u t i l i zed as one of the 
independent v a r i a b l e s " S " in the r e g r e s s i o n s tudy. 
The s lope of the f i r s t - o r d e r s t r e a m s showed s ign i 
ficance equal to that of the t h i r d o r d e r . I t is p r o b 
able that the s lope of any of the o the r s t r e a m o r d e r s 
would have equal s ign i f i cance . The s lope of t h i rd -
o r d e r s t r e a m s was u s e d i n the r e g r e s s i o n s ince 
i t was be l i eved e a s i e r to d e t e r m i n e than the s lope 
of l ower o r d e r s . 

Co lumn 19 in Tab le 2 l i s t s va lues of m e a n 
d i r e c t t r i b u t a r y d r a i n a g e a r e a D in a c r e s . This 
f igure i s an e x p r e s s i o n dev i sed by the a u t h o r s to 
r e p r e s e n t the effect of d r a i n a g e a r e a conformat ion 
and d i s t r i b u t i o n of the t r i b u t a r i e s . To obta in this 
value al l of the s t r e a m s which empty d i r e c t l y into 
the lake w e r e t aken as s e p a r a t e w a t e r s h e d s and 
the se a v e r a g e d b y s t r e a m o r d e r s a s d e s c r i b e d 
below. The use of such a p a r a m e t e r as D was 
based fundamenta l ly on the s tud i e s of Horton. ( 1 0 ) 

He r e v e a l e d that a n u m b e r of i m p o r t a n t phys io 
graphic f a c t o r s w e r e r e l a t e d t o the s t r e a m o r d e r s . 
In addi t ion to the s l ope , as d i s c u s s e d above and 

STREAM ORDER 
FIGURE 8 SLOPES OF STREAM ORDERS FOR WATERSHED 

OF LAKE NO. 6 

shown in F i g u r e 8; Hor ton showed that : (1) the 
n u m b e r of s t r e a m s , and (2) the a v e r a g e leng th of 
s t r e a m s w e r e r e l a t e d t o s t r e a m o r d e r . F o r e x a m 
p le , the f i r s t - o r d e r s t r e a m s in a b a s i n a r e the 
m o s t n u m e r o u s ; t h e r e o c c u r fewer s e c o n d - o r d e r 

TABLE 5 

Sample Computa t ion of Mean D i r e c t T r i b u t a r y 
D r a i n a g e A r e a (D) for Lake No. 6 

(See m a p in F i g u r e 7) 
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s t reams and fewer yet th i rd-order s t r eams . The 
general relation is s imilar to that shown in Figure 
8 for slope and stream order . 

Horton showed also that the average length of 
second-order s t reams is greater than that of 
f i r s t -order s t reams . Third-order s t reams are 
shown to have greater average length than second-
order s t r eams , etc. 

Since average s t ream length increases with 
s t ream order it was believed by the present 
authors that drainage area would also increase with 
s t ream order . The present authors, in an effort 
to devise a single parameter to represent drain
age area conformation and the distribution of 
t r ibutar ies , decided to test a variable which repre 
sented the size of the drainage a reas of the tribu
ta r ies emptying directly into the lake. This variable, 
D, the mean direct tr ibutary drainage a rea was 
the resul t . 

A watershed with many t r ibutar ies emptying 
directly into the lake has a small mean direct 
t r ibutary drainage area while a watershed of the 
same actual area with only one principal tr ibutary 
has a large value. An example of the computation 
procedure for the mean direct tr ibutary drainage 
area for Lake No. 6 is shown in Table 5 and is 
i l lustrated on the map in Figure 7. 

In the map in Figure 7 the area labelled Y is 
drained by three f i rs t -order t r ibutar ies emptying 
directly into the lake. All other parts of the r e s e r 
voir watershed are drained by tr ibutar ies having 
a higher order than "first ." Table 5 shows that 
the area Y of Figure 7 has a land area of 39.9 
ac r e s . This 39.9 acres divided by the three tribu
tar ies gives a mean area of 13.3 acres served by 

each f i rs t -order tributary emptying directly into 
the lake. 

In Figure 7 areas labelled W and Z are drained 
by second-order t r ibutar ies emptying directly into 
the lake. Table 5 shows that the mean of these 
two areas is 14.1 ac re s . Figure 7 shows that the 
area labelled X is served by a single th i rd-order 
s t ream emptying directly into the lake. Table 5 
shows the area X to be 266.1 ac re s . 

At the bottom of Table 5 a mean is calculated 
of the right column of the table which contains the 
mean areas drained by each order tr ibutary. This 
value of 97.8 acres is called D, the mean direct 
tr ibutary drainage area . 

In column 20 of Table 2 is shown the relief 
ratio. The ratio is dimensionless and the values 
in column 20 have been multiplied by 104 . This 
variable was tested in the regression but not 
found to be significant. It represents the relief 
of the watershed land area and was obtained by the 
following equation. 
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ANALYSIS OF DATA 

Approach 

The mul t ip l e r e g r e s s i o n method was u s e d in 
the c u r r e n t s tudy af te r a n u m b e r of p r e l i m i n a r y 
g raph ica l a n a l y s e s w e r e m a d e . I t i s m o s t app l i ca 
ble to t h i s type of p r o b l e m and has been s u c c e s s 
fully u sed by o t h e r s and expla ined by Ande r son . ( 1 2 ) 

The value of th i s s t a t i s t i c a l dev ice is tha t i t 
fu rn i shes a m e a n s of t e s t i n g . The va lues and l i m i 
ta t ions of such an a p p r o a c h a r e well d e s c r i b e d by 
Mood.(13) In the end, the s t a t i s t i c a l manipu la t ions 
m u s t be c o n s i d e r e d as ev idence and not proof of 
any p h y s i c a l r e l a t i o n s h i p s . They m u s t be i n t e r 
p re t ed in the l ight of the o b s e r v a t i o n s and m u s t be 
accep ted a s be ing comple t e ly e m p i r i c a l in n a t u r e . 

in an effort to d e t e r m i n e the combina t ions tha t 
be s t c o r r e l a t e d with the dependen t v a r i a b l e P . 
Some of the r e s u l t s a r e s u m m a r i z e d in Tab le 6 . 
Th i s t ab le shows the eff iciency of t h e s e nine r e 
g r e s s i o n equa t ions in comput ing the dependent 
s ed imen t v a r i a b l e , P . 

The f i r s t en t ry in Tab le 6 has no equat ion n u m 
b e r but shows the s t a n d a r d e r r o r o r s t a n d a r d 
devia t ion about the m e a n of the twenty o b s e r v e d 
va lues of P . The confidence l i m i t s shown r e v e a l 
the a c c u r a c y with which P could be p r e d i c t e d f r o m 
the o b s e r v a t i o n s of P i tself , wi thout c o r r e l a t i o n s 
with any of the independent v a r i a b l e s . 

In the p r e s e n t s tudy the s ed imen t depos i t ed in 
the lake p e r uni t of d r a i n a g e a r e a as shown in 
co lumn 10 of Tab le 1 was u t i l ized as the dependent 
v a r i a b l e . 

R e g r e s s i o n s 

R e g r e s s i o n a n a l y s e s w e r e run on m o r e than 
fifty combina t ions of t h i r t e e n independent v a r i a b l e s 

In Tab le 6, Equa t ion 1 con ta ins one independent 
v a r i a b l e , S , m e a n s lope of t h i r d - o r d e r s t r e a m s . 
The c o r r e l a t i o n coefficient R is .705, and the co
efficient of d e t e r m i n a t i o n R 2 i s .50. Th i s m e a n s 
that 50 p e r c e n t of the v a r i a t i o n s in the dependent 
v a r i a b l e , P , can be accounted for by v a r i a t i o n s 
in S. The next co lumn shows tha t th i s r e g r e s s i o n 
is b a s e d on 18 d e g r e e s of f r e e d o m , mean ing that 
the v a r i a b l e s involved had 18 c h a n c e s to o p e r a t e 
independent ly in the d e t e r m i n a t i o n of the dependent 

TABLE 6 

Efficiency of Regression Equations 
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TABLE 7 

Regression Equations 

variable. The te rm, degrees of freedom, has been 
discussed by Ezekial. (14) The standard e r ro r of this 
regress ion equation is shown to be 24.1 tons per 
ac re . The confidence limits are such that in utiliz
ing the equation to compute an unknown value of 
P, in 50 percent of the cases , the actual sediment 
deposition would probably be within ±16.6 tons per 
acre of the computed value. Similarly, in 95 per
cent of the cases , the sediment deposition would 
be within ±50.5 tons per acre . 

In Table 6 Equation 2 is more efficient than 
Equation 1. In this case the age of the lake was 
added to the regression equation. Similarly Equa
tions 3, 4, 5 and 6 show an increase in efficiency. 
In each of these six equations, the addition of 
another independent variable was tested and found 
statistically significant at the ten percent level. 
This means that it is to be expected that in repeat
ing the experiment the importance of the addition 
of this particular variable could probably be 
established again in 90 out of 100 cases . The authors 
have chosen the ten percent level of significance 
as a minimum level for judging whether a variable 
is retained or rejected. Equation 6 is the most 
efficient equation in Table 6 having R = .937 and 
95 percent confidence limits equal to +25.6 tons 
per ac re . 

It will be noted that Equation 6 in Table 6 con
tains the logarithm of D, the mean direct tr ibutary 
drainage a rea . Prel iminary plots of the isolated 
effects of various independent variables on the 
dependent variable indicated that the logarithmic 
values of D were more closely correlated with 
the dependent variable, P, than were the plain 
values of D. Also the statistical regression showed 
that the logarithm of D would increase the efficiency 
of the regression over that of Equation 5. The plain 
values of D would not increase the efficiency of the 
equation. In the case of every variable tested, a 
regression was run to check the ari thmetic, semi
log, and log-log correlation with the dependent 

variable P. This case of D in Equation 6 was the 
only one in which the plain ari thmetic or straight-
line correlation did not prove best . 

Table 6 shows that a slope factor, S, the mean 
slope of the th i rd-order s t reams is the most effi
cient single factor in computing sediment produc
tion P. Next in importance come age, gross erosion, 
capacity-inflow ratio, density of non-incised chan
nels and the logarithm of the mean direct tributary 
drainage area . Equations 7, 8, and 9 have been 
included in Table 6 in the belief that they might 
be useful in cases where S, C or D cannot be easily 
determined. 

Table 7 contains the actual Equations 1 through 
9. These equations a re all valid for use in Study 
Area No. 1 and can be used to compute the sedi
ment deposition with the confidence l imits shown 
in Table 6. 

Most Efficient Equation 

In Table 8 are presented statistical data on the 
most efficient regression devised in the current 
study, Equation 6. All of the six independent varia
bles in this equation have been found significant 
at the 10 percent level. As Table 8 shows, the 
partial regression coefficient for each of these 
independent variables is more than 1.7 times its 
own standard e r ro r . 

The variable S has the highest simple cor re 
lation with the dependent variable P. The multiple 
regression system will, however, isolate the in
fluence of each independent variable on the de
pendent by "taking out" the e f f e c t s of other 
variables . The result is a part ial correlat ion of each 
independent variable w i t h the dependent. This 
"pure" relation (as determined by this set of 
observations) is shown by the partial correlation 
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value in Table 8. Here the gross erosion E has the 
highest p a r t i a l correlation with sediment de
position. 

The beta coefficients in Table 8 represent the 

change expected in the dependent variable caused 
by a change of one standard e r ro r in the independent 
variable. Beta coefficients have been explained in 
an understandable manner by Arkin and Colton.(15) 

TABLE 8 

Statistical Data on Most Efficient Regression, Equation 6 

RESULTS 

Importance of Variables 

In Equation 6 the isolated effect that each in
dependent variable has on the dependent variable 
can be shown by utilizing the observations. Ob
served values of all independent variables except 
one are substituted into Equation 6. These are 
used to adjust the observed value of P, the depend
ent variable. The effects of these independent 
variables a re thus "taken out" of P and the adjusted 
P can be plotted versus the remaining independent 
variable to show the isolated relation. This mani
pulation has been carr ied out for each variable in 
Equation 6. The plotted results a re shown in Fig
ures 9 through 14. In each plot the slope of the line 
denoting the relation is equal to the partial r e 
gression coefficient, b, shown in Table 8 and the 
standard deviation of the plotted points is equal to 
the standard e r ro r Sb shown in Table 8. 

shown in Table 8. In each plot the deviations from 
the partial regression line represent the effects 
of unknown or unmeasured variables. 

Figure 9 shows the effect of the mean slope of 
third-order s t r eams ,S , on sediment deposition, P. 
As the slope factor increases more sediment is 
delivered to the lake. This seems reasonable since 
the ability of a s t ream to transport sediment is 
known to be a function of flow velocity which in 
turn is a function of the s t ream gradient or slope. 

Figure 10 shows that as a lake increases in 
age, more sediment per unit of drainage area is 
deposited in the lake. This is to be expected 
since a lake normally collects more sediment as 
it increases in age. 

The plotted graphs in Figures 9 through 14 show 
graphically the strength of the relation that each 
independent variable in Equation 6 has with the 
sediment deposition, P. As stated ear l ier the 
over-all importance of each relation has been 
proved by its statistical significance at the 10 
percent level. The relative importance of the varia
bles can be noted from comparison of these plots 
as well as by reference to the statistical data 

In Figure 11 the sediment deposited in the lake 
per unit of drainage area is seen to increase as 
the gross erosion, E, increases . In the cases of 
rapid erosion on a drainage area , more soil is 
available for t ransport downstream to the lake; 
consequently, more sediment is deposited in the 
lake. 

The variable I, capacity-inflow ratio, is shown 
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FIGURE 9 EFFECT OF SLOPE FACTOR ON SEDIMENT DEPOSITION 

FIGURE 10 EFFECT OF AGE ON SEDIMENT DEPOSITION 

FIGURE 11 EFFECT OF WATERSHED GROSS EROSION ON SEDIMENT DEPOSITION 
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FIGURE 12 EFFECT OF CAPACITY-INFLOW RATIO ON SEDIMENT DEPOSITION 

FIGURE 13 EFFECT OF NON-INCISED CHANNEL DENSITY 
ON SEDIMENT DEPOSITION 

FIGURE 14 EFFECT OF WATERSHED SHAPE FACTOR D ON SEDIMENT DEPOSITION 
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in Figure 12 to have a direct relation to the de
pendent variable, P. As the capacity-inflow ratio 
increases the sediment deposited in the lake also 
increases . This ratio amounts to the lake capacity 
divided by the average annual inflow. The numeri
cal unit of this "rat io" is actually years and it is 
thus an indication of detention time within the 
lake. In a lake with a large detention time it is 
natural to assume that more sediment will be 
deposited than in a lake with a short detention 
t ime, and thus the sediment rate will be greater 
in the former. The value of the I ratio reflects this 
increase in the t rap efficiency of the lake. This 
relation has been shown also by ear l ier authors 
such as Brune.(8) 

Variable C, the non-incised channel density, 
shows some strength as an independent variable. 
Its effect on the dependent sediment variable is 
shown in Figure 13 to be negative. It is believed 
that the inverse relation which this factor shows 
with the dependent variable indicates that this type 
of non-incised channel represents an opportunity 
for upland sediment deposition and that the im
portance of this type of channel deserves further 
study. 

Variable D, the mean direct tr ibutary drainage 
area , is shown in Figure 14 to have an inverse 
relation with P. This would seem to show that if 
the drainage area consists of a number of small 
subwatersheds draining directly into the lake, 
higher rates of sediment deposition could be ex
pected. This is believed a reasonable theory and 
tends to confirm the use of such a "shape" factor 

as a parameter for measurement of this effect. 
The relation of this variable to sediment deposition 
is semi-logari thmic as shown by the use of the 
logarithm of D in Equation 6 as discussed ear l ie r . 

Conclusions 

1. Equation 6, the most accurate regression 
resulting from the current study contains six in
dependent factors. The s l o p e of th i rd-order 
s t reams , age, gross erosion, capacity-inflow ratio, 
non-incised channel density, and a watershed shape 
factor a re combined to explain 88 percent of the 
variations in the sediment deposited in a lake. In 
utilizing this equation, the sediment deposition can 
be computed within +8.2 tons per acre 50 percent 
of the t ime and within +25.6 tons per acre 95 per
cent of the t ime. The equation was devised for the 
deep loess soils of the Springfield Plain physio
graphic a rea of western Illinois and these con
fidence l imits apply to this region only. 

2. Eight other equations utilizing from 1 to 5 
independent variables are presented in Table 7 and 
can be utilized within this study area with the con
fidence l imits shown. 

3. The mean slope of the th i rd-order s t r eams 
of the watershed was the single variable which 
was strongest in determining sediment production. 
In Equation 6, the most efficient regression, the 
watershed gross erosion was the strongest of six 
independent variables in determining sediment de
position. 
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