
1,670 tons  per mile of eroding channel. In  
general,  t h e  erosion r a t e ,  a s  measured by bank 

Gully and 
stream bank erosion recession,  depends on t h e  na ture  of the  bank 

mate r ia l s  and t h e  streamflow. Severe gul ly  and 
streambank erosion problems e x i s t  i n  many p a r t s  
of t h e  world, although they a r e  most p red ic tab le  

R. F. PIEST and A. J. BOWIE i n  the  highly e rod ib le  l o e s s  s o i l  regions o r  
where t h e  hydrologic balance of t h e  drainageways 
and t h e i r  watersheds i s  a l t e r e d .  The recession 

The a r e a l  growth of drainageways i s  an eas- of streambanks can occur by d i r e c t  o r  i n d i r e c t  
i l y  recognized f e a t u r e  of landscape weathering; ac t ion  of flowing water.  For example, (a) banks 
e ros ive  fo rces  i n i t i a t e  and s u s t a i n  gul ly  growth a r e  undercut and col lapse by grav i ty ,  (b) flow 
and widen stream channels. Drainageway erosion impinges d i r e c t l y  on the  banks, and (c) banks 
r a t e s  a r e  control led by t h e  hydraul ic  character- a r e  sa tu ra ted  and weakened by streamflow o r  bank 
i s t i c s  of flow and by erosion-res is tant  proper- seepage. Additional f a c t o r s  con t r ibu t ing  t o  
t i e s  of s o i l  a t  the  flow boundary. Sediment mov- streambank erosion a r e  wave ac t ion ,  i c e  flows, 
ing  from upstream loca t ions  and base l e v e l  freeze-thaw and wet-dry cycles ,  rapid 
changes caused by dredging o r  s t ra igh ten ing  must changes i n  s tage ,  debr i s ,  and sediment load. 
a l s o  be considered. Only i n  the  simplest s i t u a -  Fluviomorphic s t u d i e s  a t  several. loca t ions  
t i o n  i s  t h e  erosion r a t e  s o l e l y  a t t r i b u t a b l e  t o  (5, 6) show the  bas ic  c y c l i c a l  na tu re  of gul ly  
p red ic tab le  t r a c t i v e  forces  ac t ing  upon d i s c r e t e  erosion. In  western Iowa, Daniels reported t h a t  
s o i l  p a r t i c l e s ,  because f a c t o r s  a f f e c t i n g  gul ly  Harrison County had no g u l l i e s  when t h e  a rea  was 
and streambank erosion a r e  not  necessa r i ly  t h e  s e t t l e d  i n  about 1850 and t h a t  " g u l l i e s  cur ren t ly  
same a s  those a f f e c t i n g  scour r e s i s t a n c e  of t h e  a c t i v e  have been a c t i v e  f o r  about 50 years." 
streambed. Most gul ly  and streambank erosion is ,  The durat ion of the  previous gul ly  cycle  i n  t h a t  
of course,  susta ined by runoff ,  the  t ranspor t ing  a rea  was l e s s  than 800 years ,  about 1,100 t o  250 
medium. But i t  is  a l s o  r e l a t e d  t o  g r a v i t a t i o n a l  years ago. An important question t o  be answered: 
and complex i n t e r p a r t i c l e  forces--electrochemical Is gul ly  and streambank erosion,  even i f  accel- 
and atomic--that vary with  both soil-water envi- e ra ted  by man's in tens ive  land use,  s t i l l  c y c l i c  
ronment and time (8).  o r  has t h e  balance been so dis turbed,  f o r  exam- 

A t t r i b u t e s  of these  forces  t h a t  have been p le ,  by t h e  increased l e v e l s  of overland runoff 
r e l a t e d  t o  e r o d i b i l i t y  of g u l l i e s  and streambanks from cropland, t h a t  accelerated weathering of t h e  
include Atterburg limits, p l a s t i c i t y  index, s o i l  landscape i s  an i r r e v e r s i b l e  t rend? No general  
pH, content of CaC03 and other  minerals,  disper- judgments can be made on t h i s  sub jec t  f o r  a l l  
s i o n  r a t i o ,  measures of compressive and shear loca t ions ,  but  time-sequence comparisons of 
s t reng th ,  and many s p e c i a l  e r o d i b i l i t y  functions channel cross  sec t ions  f o r  a t y p i c a l  small  stream 
designed t o  def ine  t h e  physical ,  chemical, and i n  western Iowa, S tee r  Creek (2), show a recent  
environmental p roper t i es  t h a t  determine t h e  re- h i s t o r y  of continuous widening with  no known 
s i s t a n c e  t o  erosion of a streambank o r  gu l ly  head. n a t u r a l  r e s t r a i n t s  t o  prevent f u r t h e r  channel 
Yet t h e  p roper t i es  t h a t  con t ro l  s o i l  erosion re- growth (Table 1 ) .  Another repor t ,  of t h e  Nish- 
s i s t a n c e  have not  been conclusively defined. nabotna River Basin (14), shows t h a t  t h e  width 

A s p e c i a l  r epor t  (13) on streambank erosion of the  west fo rk  of the  r i v e r ,  near i t s  conflu- 
problems i n  t h e  U.S. a t t r i b u t e d  inadequate per- ence with t h e  e a s t  fork,  did  not  change appre- 
formance of some streambank erosion con t ro l  c iab ly  from 1850 t o  1921 but  doubled i n  width 
p r o j e c t s  t o  "a l a c k  of understanding of the  by 1950. Similar ly ,  the  width of t h e  e a s t  fork,  
mul t ip le  and i n t e r r e l a t e d  causes and e f f e c t s  of a s  measured a t  t h r e e  loca t ions ,  e s s e n t i a l l y  
streambank erosion." Our ob jec t ive  i s  t o  discuss  doubled from 1926 t o  1951. 
procedures f o r  es t imat ing erosion r a t e s  and t o  Another question t o  be answered: Is stream- 
quant i fy  gul ly  and streambank erosion f o r  severa l  bank erosion i n  nor thern Miss i s s ipp i  s u f f i c i e n t l y  
loca t ions  under study i n  Iowa and Mississ ippi .  control led by aggradation processes so  t h a t  t h e  
Streambed erosion of channels i n  noncohesive dredged channels w i l l  eventual ly  reach a s t a b l e  
mate r ia l s  i s  not  discussed. width? A t  present ,  many of these  channels must 

be  dredged t o  l i m i t  f looding. But t h e  channels 
General Conip Zexi t ies  continue t o  widen between dredgings because suc- 

cess ive ly  l a r g e r  por t ions  of f loods a r e  conveyed 
Not a l l  streams a r e  eroding t h e i r  banks, but  through t h e  channel, r a t h e r  than over t h e  flood- 

streambank erosion from some 300,000 miles of p la in ,  with r e s u l t a n t  increases  i n  v e l o c i t y  and 
channels i n  t h e  U.S. produces an estimated 500 shear  s t r e s s  t h a t  increase streambank erosion.  
m i l l i o n  tons  of sediment annually ( I ) ,  which is  

Estimating Procedures 

R. F. P i e s t  and A.  J. Bowie a r e  hydrauZic Gully Erosion 
engineers with the  AgricuZturaZ Research Ser- 
vice, U. S. Department of AgricuZture, Co Zwnbia, Gully e ros iona l  changes have t y p i c a l l y  been 
Missouri 65201, and Oxford, Mississ ippi  38655, obtained by per iodic  ground surveys, measure- 
respect<veZy. ments t o  reference s takes  o r  concrete-f i l led 
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Table 1. TOD widths of S t e e r  Creek channel a t  
s e l e c t e d  s t a t i o n s  from 1852-1961. 
Se lec ted  
S ta t ionsa  Channel Top Width ( f t )  

- 

a 
S ta t ion ing  begins  a t  downstream point  i n  water- 

shed. 
b 

Estimated from o r i g i n a l  land surveys.  
C 

Estimated from interview.  

ho les  loca ted  i n  t h e  gu l ly  head and bank, and 
examinations of g u l l y  changes from e x i s t i n g  maps 
and a e r i a l  photos.  Estimations based on such 
measurements o f t e n  have been l i m i t e d  i n  value  
because causa t ive  v a r i a b l e s ,  such a s  runoff ,  
groundwater, and antecedent  cond i t ions ,  were no t  
a l s o  measured. However, s t u d i e s  a r e  producing 
q u a n t i t a t i v e  informat ion,  and some empi r i ca l  
p r e d i c t i o n  procedures have been advanced. I n  
Miss i s s ipp i ,  a c t i v e  g u l l i e s  wi th  l i t t l e  dra inage 
a r e a  o t h e r  than  t h e  raw g u l l y  head produced from 
2 t o  7 inches  of sediment annual ly  a t  t h e  gu l ly  
o u t l e t ;  t h e  e ros ion  r a t e  was r e l a t e d  t o  g u l l y  
r e l i e f ,  a r e a l  e x t e n t ,  and t h e  n a t u r e  of t h e  ex- 
posed m a t e r i a l s  ( 7 ) .  For a severe ly  g u l l i e d  
l o e s s i a l  a r e a  i n  Iowa, Beer (3) developed t h e  
r e l a t i o n s h i p :  

where XI = g u l l y  s u r f a c e  growth (ac res ) ,  X3 = 
d e v i a t i o n  of annual p r e c i p i t a t i o n  from normal 
( inches) ,  X4 = index of s u r f a c e  runoff ( inches ) ,  
Xg = t e r r a c e d  watershed a r e a  ( ac res ) ,  Xg = gu l ly  
l eng th  ( f e e t )  a t  beginning of per iod,  and X14 = 
l eng th  ( f e e t )  from g u l l y  head t o  watershed 
d iv ide .  

Thompson's s tudy (12) of gu l ly  a c t i v i t y  a t  
s e v e r a l  l o c a t i o n s  i n  t h e  U.S. r e s u l t e d  i n  t h e  
r e l a t i o n s h i p :  

where R = average annual g u l l y  head advance 
( f e e t ) ,  A = drainage a r e a  ( a c r e s ) ,  S = s lope  of 
approach channel (pe rcen t ) ,  P = t h e  t o t a l  annual 
r a i n f a l l  of 0.5 inch o r  more dur ing a 24-hour 
pe r iod ,  and E = c lay  content  of eroding s o i l  
p r o f i l e  (percent  by weight) .  

The S o i l  Conservation Service  procedure 
(10) f o r  e s t ima t ing  average annual g u l l y  advance 
r a t e  involves  t h e  equat ion:  

R = 1 .5  ~ 0 . 4 6  ~ 0 . 2 0  

where R and A a r e  defined a s  above and P is t h e  
t o t a l  annual r a i n f a l l  of 0.5 inch  o r  more over 
a 24-hour period t h a t  occurred during t h e  time 
per iod,  converted t o  an average annual b a s i s  ( i n  
inches) .  

The agency recognizes t h a t  o t h e r  f a c t o r s ,  
inadequately def ined,  in f luence  t h e  headward 
advance of g u l l i e s ;  however, i t  accounts f o r  
these  f a c t o r s  by us ing p a s t  gu l ly ing  r a t e s  cal-  
cu la ted  from maps o r  a e r i a l  photos.  The equa- 
t i o n  then becomes: 

0.46 P2 0.20 
R2 = R1 (g) (Ti) 

i n  which t h e  s u b s c r i p t s  1 and 2 r e f e r  t o  p a s t  
and f u t u r e ,  r e spec t ive ly .  

Streambank Erosion 

About 2 percent  of t h e  7 m i l l i o n  miles  of 
streambank i n  t h e  U.S. have se r ious  e ros ion  prob- 
lems (13). Although t h e  q u a n t i t i e s  of sediment 
o r i g i n a t i n g  from t h e  streambank e ros ion  process  
usua l ly  a r e  smal l ,  compared wi th  those  from t h e  
shee t - r i l l -gu l ly  e ros ion  processes ,  they can 
cause s i g n i f i c a n t  problems. 

No formal procedure f o r  e s t ima t ing  stream- 
bank e ros ion  has been developed. Bank reces- 
s i o n  r a t e s  usua l ly  a r e  es t imated on an average 
annual b a s i s  by comparing c r o s s  s e c t i o n s  o r  
p lan imet r i c  d e t a i l s  from ground surveys o r  
a e r i a l  photos obtained over s e v e r a l  years .  
Areal r ecess ion  r a t e s  a r e  converted t o  a volume 
o r  tonnage b a s i s  a s  needed. Est imat ing accur- 
a c i e s  usua l ly  a r e  low because small cross- 
s e c t i o n a l  changes r e l a t i v e  t o  t h e  t o t a l  cross- 
s e c t i o n  can cause l a r g e  v a r i a t i o n s  i n  computed 
eros ion.  Also, t h e  l a b o r  and expense of cross-  
sec t ion ing ,  by e i t h e r  ground o r  photogrammetric 
survey, l i m i t s  t h e  cross-sect ion frequency. 

I f  no channel d is turbances  a r e  contemplated, 
f u t u r e  streambank e ros ion  r a t e s  a r e  es t imated 
on t h e  b a s i s  of p a s t  e ros ion  and hydrologic  
performance. Forecas t ing f u t u r e  streambank 
e ros ion  r a t e s  f o r  changed channel o r  flow condi- 
t i o n s  i s  o f t e n  necessary ,  and us ing p a s t  e ros ion  
r a t e s  a s  a b a s i s  f o r  e s t ima tes  can b e  mislead- 
ing.  Then, c r i t e r i a  f o r  e s t ima t ing  streambank 
e ros ion  r a t e s  a r e  based on channel boundary 
mate r i a l s ,  hydrau l i c  c h a r a c t e r i s t i c s ,  contem- 
p la ted  runoff r a t e s ,  the  sediment load,  and 
considerable  judgment. 

GuZZy and Streambank Erosion, 
Western Iowa 

The r o l l i n g  t e r r a i n  border ing t h e  Missouri  
River i s  charac te r i zed  by a s o i l  developed on a 
t h i c k  l o e s s  depos i t  t h a t  b lanke t s  t h e  underlying 
g l a c i a l  till. Surface runoff and e ros ion  is 
severe  on unprotected rowcrop f i e l d s  i n  t h e  
region. Drainageways o f t e n  a r e  i n c i s e d ,  ending 
upslope wi th  an a c t i v e l y  eroding gu l ly  headcut. 

Erosion r a t e s  from four  g u l l i e s  i n  western 
Iowa were measured dur ing t h e  10-year period 
from 1964 t o  1973. Gully changes were determined 



by p e r i o d i c  surveys  and by sampling streamflow 
a t  two l o c a t i o n s  on each drainageway--above t h e  
headcut  and a t  t h e  downstream measuring weir--to 
determine t h e  amount of s o i l  removed. Each 
g u l l y  d r a i n s  a 75- t o  150-acre watershed, and 
i t s  e ros ion  cond i t ion  i s  descr ibed i n  t a b l e  2, 
a long w i t h  t h e  10-year runoff-eros ion summary. 
The g u l l i e s  d ra in ing  watersheds 1 and 2, a s  por- 
t r a y e d  i n  f i g u r e s  1 and 2 r e s p e c t i v e l y ,  were 
t h e  most e r o d i b l e .  Although the  r a t i o  of s o i l  
removed from t h e  g u l l y  a t  watershed 3 was l a r g e  
compared wi th  t h e  t o t a l  sediment y i e l d  from t h e  
watershed, t h e  q u a n t i t i e s  were small. Based on 
t h e s e  r e p r e s e n t a t i v e  watersheds,  we concluded 
t h a t  s o i l  movement from g u l l i e s  i n  western  Iowa 
c o n s t i t u t e s  about 20 pe rcen t  of t h e  t o t a l  sedi-  
ment moving i n  s t reams of t h e  region.  

The p a t t e r n  of g u l l y  e r o s i o n  a t  watersheds 
1 and 2 was d i s s i m i l a r  i n  one important respect-- 
t h e  g u l l y  d r a i n i n g  watershed 1 was a c t i v e l y  ad- 
vancing upstream dur ing  t h e  10-year per iod 
whi le  t h e  g u l l y  of watershed 2 was eroding 
p r i n c i p a l l y  by l a t e r a l  enlargement (Figure  2a).  
The reasons  f o r  t h e s e  e ros ion  d i f f e r e n c e s  can- 
n o t  be  expla ined by examining only  two e r o d i b l e  
g u l l i e s  because s e v e r a l  c a u s a t i v e  v a r i a b l e s  a r e  
d i f f e r e n t ,  a l though t h e  g u l l i e s  a r e  on ad jo in ing  
f i e l d s .  I n t e r p r e t a t i o n s  from hydrologic  measure- 
ments and f requen t  streamflow samples, however, 
g i v e  some i n s i g h t s  i n t o  t h e  f a c t o r s  in f luenc ing  
sediment movement. Table  2 and f i g u r e s  1 and 2 
d e s c r i b e  g u l l y  e ros ion  a t  these  l o c a t i o n s .  
Other i n t e r e s t i n g  a s p e c t s  of g u l l y  e ros ion  i n  
t h e s e  drainageways a r e  (9 ) :  

1. The q u a n t i t y  of g u l l y  m a t e r i a l  removed 
dur ing  a g iven runoff event is a func t ion  of 
event  s i z e  and p r i o r  s torm occurrence.  

2. Although t h e  q u a n t i t i e s  of m a t e r i a l  r e -  
moved from t h e s e  g u l l i e s  was loose ly  c o r r e l a t e d  
wi th  s u r f a c e  runof f ,  about 80 pe rcen t  of t h e  
s o i l  t r anspor ted  from t h e  g u l l y  dur ing t h e  10 
yea r s  occurred dur ing May and June. The May- 
June s u r f a c e  runoff dur ing t h i s  t ime was about 
55 percent  of t h e  annual average.  May-June 
r a i n f a l l  was 33 percent  of t h e  annual average.  

3. The measured g u l l y  sediment movement 1 
during a storm is o f t e n  uncor re la ted  wi th  runoff 
r a t e  o r  runoff t r a c t i v e  fo rce .  [ I n  f i g u r e  l c ,  
f o r  example, a t  1821 hours,  g u l l y  s o i l  was being 
swept p a s t  t h e  measuring weir  a t  t h e  r a t e  of 28 
tons  per  minute; 6 minutes l a t e r ,  a t  t h e  same 

I 
runoff r a t e ,  only 10 tons  pe r  minute was being * 

t r anspor ted .  During t h e  May 18, 1971, storm a t  1 
watershed 2 (Figure 2c) l i t t l e  g u l l y  m a t e r i a l  
was t r anspor ted  a f t e r  0250 hours ,  al though t h e  
runoff r a t e  was nea r ly  200 cubic  f e e t  pe r  second 
a t  t h e  beginning of t h i s  pe r iod . ]  

4. The q u a n t i t i e s  of s o i l  removed from 
t h e s e  g u l l i e s  r e l a t i v e  t o  t h e  storm runoff s i z e  
is g r e a t e s t  f o r  t h e  f i r s t  s p r i n g  s torm and is 
g r e a t l y  reduced f o r  each subsequent event.  This 
i n d i c a t e s  t h a t  weathering a c t i o n s  dur ing t h e  f a l l  
and win te r  per iods  of low runoff may b e  s i g n i f i -  
cant .  

GuZ Zy Headcut Advance 

Gully headcut advance r a t e s  were b e s t  por- 
t rayed by t h e  a c t i v i t y  a t  t h e  g u l l y  of water- 
shed 1. During t h e  1964-1973 pe r iod ,  t h e  g u l l y  
headcut advanced about 170 f e e t  toward the  
watershed d i v i d e  and voided about one-fourth 
a c r e  of land t o  a maximum depth of 20 f e e t .  
The g r e a t e s t  amount of g u l l y  e ros ion  a t  water- 

Table 2. Watersheds and o u t l e t  g u l l i e s  near  Treynor, Iowa. 
Gully Erosion, 1964-1973 

Watershed Percentage of 
Land Use Gully Runoff ( i n ) ,  1964-1973 To ta l  To ta l  

No. S i z e  (a) and Treatment Headcut Banks Subsurface Storm ( t )  Sediment Yield  

1 74.5 Corn on approx. V e r t i c a l ,  Eroding 30.0 42.3 4,620 21 
contour advancing, 

and raw 

2 82.8 Corn on approx. Chutel ike ,  Eroding 32.8 39.6 3,240 18  
contour nonadvanc- 

i n g  & raw 

3 107.0 Rotation-grazed Stepped Mostly 43.5 14.6 310 33 
bromegrass, S t a b l e  
minimum-till 
corn  a f t e r  1971 

4 150.0 Level-terraced Stepped S t a b l e  67.0 13.0 120 
corn,  reduced 
terrace--Minimum- 
t i l l  a f t e r  1971 

T o t a l  s o i l  eroded and t r anspor ted  from g u l l i e s  i n  10 y e a r s  8,290 20 
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(b )  Channel p r o f i l e  and g u l l y  c ross  s e c t i o n .  

( c )  S o i l  t r a n s p o r t e d  f rom &I l y  d u r i n g  May 5 ,  1972 storm. (d)  Close-up o f  g u l  l y  head and sarnpl i n g  f o o t b r i d g e .  

Figure 1. Gully erosion, watershed 1 near Treynor, Iowa. 

shed 1 occurred on June 20, 1967, when 420 tons  
of s o i l  was removed from t h e  v i c i n i t y  of t h e  
headcut.  This q u a n t i t y  was about 10 percent  of 
t o t a l  s o i l  removed from t h e  75-acre watershed 
dur ing  t h e  June 20 s torm and was l e s s  than one- 
t h i r d  of t h e  g u l l y  e ros ion  dur ing t h e  month, 
which had a record 20 inches  of r a i n f a l l .  

Most of t h e  s o i l  eroded from t h e  g u l l y  head 
a t  watershed 1 was der ived by success ive  slump- 
i n g  of s o i l  b locks  a f t e r  they were wet ted by 
r a i n f a l l  and runof f .  These blocks  then  migrated 
downslope dur ing  success ive  runoff events  by t h e  
undercu t t ing  and l i q u e f a c t i o n  of lower-lying 
s o i l  d e b r i s  u n t i l  t h e  channel was e s s e n t i a l l y  
cleaned of debr i s .  

Gully Lateral Enlargement 

Gully l a t e r a l  enlargement was b e s t  por- 
t r ayed  by t h e  a c t i v i t y  i n  t h e  700-foot study 

s e c t i o n  of t h e  watershed 2 gul ly .  A t  t h e  o u t s e t  
of t h e  s tudy,  g u l l y  enlargement was n o t  con- 
s ide red  s i g n i f i c a n t ,  s o  complete channel surveys 
were no t  made u n t i l  1966 (Figure 2a).  But a 
more complete record of g u l l y  e r o s i o n  was ob- 
t a ined  from i n t e n s i v e  sampling of streamflow 
beginning i n  1965; 1964 was p a r t i a l l y  es t imated.  
The g r e a t e s t  amount of gu l ly  e ros ion  f o r  a 
s i n g l e  storm event a t  t h e  82.8-acre watershed 2 
occurred on June 20, 1967, when a 5.82-inch 
ra ins torm caused 3.77 inches  of runoff .  The 
g u l l y  headcut remained e s s e n t i a l l y  s t a b l e ,  bu t  
690 tons  of s o i l ,  o r  1 .0  ton pe r  l i n e a l  f o o t  of 
gu l ly ,  was removed. For t h e  10-year per iod,  
2 .3  tons  was eroded per  l i n e a l  f o o t  of channel. 

Gully bank enlargement r a t e s  were no t  uni- 
form f o r  t h e  l eng th  of channel s t u d i e d ,  and t h e  
microhydrology a t  each p o r t i o n  of bank must be  
c a r e f u l l y  examined t o  r a t i o n a l i z e  t h e  e r o s i o n a l  
changes t h a t  occur.  A t  t he  po in t s  of g r e a t e s t  



streambank recess ion  i n  f i g u r e  2a, f o r  example, 
s m a l l  concen t ra t ions  of runoff  from a few thou- 
sand square  f e e t  of d ra inage  a r e a  a r e  absorbed 
i n t o  t h e  s o i l  p r o f i l e  of t h e  g r a s s  s t r i p  t h a t  
borde r s  t h e  gu l ly .  Inspec t ions  show t h a t  a l -  
though t h e r e  i s  l i t t l e  runoff  over t h e  edge of 
t h e  g u l l y  t h e  added s o i l  mois ture  t o  t h e  gu l ly  
bank reduces t h e  s o i l  shea r ing  r e s i s t a n c e  and 
i n c r e a s e s  t h e  d r i v i n g  f o r c e  (weight) of t h e  mass. 
A f t e r  i n i t i a l  f a i l u r e  of t h e  g u l l y  w a l l ,  t h e  
s o i l  d e b r i s  g radua l ly  migra tes  downslope and i s  
c a r r i e d  from t h e  channel.  

Streambank Erosion 

Streambank e r o s i o n  on l a r g e  and smal l  
drainageways i n  wes te rn  Iowa has been discussed 
by a number of r e sea rchers .  Taylor (12) showed 
t h a t  48 pe rcen t  of t h e  sediment t r anspor ted  
from t h e  7,000-acre S t e e r  Creek watershed or ig-  
i n a t e d  from t h e  channels dur ing t h e  2-year 
pe r iod  1965-1967; s h e e t - r i l l  e ros ion  accounted 
f o r  t h e  remainder. A comparison of c r o s s  sec- 
t i o n s  of l a r g e r  r i v e r s ,  inc lud ing  t h e  Nishna- 
botna ,  shows t h a t  t h e s e  channels a r e  en- 

PERIOD AREAL CHANGE SURFACE RUNOFF GULLY EROSION 
square- feet  a c r e - f e e t  tons - 

June 28 ,  1966-May 31 ,  1972 4 ,360  140 2 ,000  
June I ,  1972-Dec. 31 ,  197Zj 7 5 
Jan. I ,  1972-June 7 ,  1973 I 3  ( ~ s t i r n a t e u  

TOTALS 5,360 vZ 2,010 

F i g u r e  La.--Measured g u l l y  advances and e r o s i o n  r a t e s .  
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T I M E ,  h r s  

F i g u r e  2c . - -Gul ly  e r o s i o n  f o r  storm o f  May 18, 1972. 

l a r g i n g  (14). Beer (2) c l o s e l y  examined h i s t o r i c  
r ecords  and a e r i a l  photos of t h e  S t e e r  Creek 
channels i n  Harr ison County, Iowa, t o  show t h e i r  
growth s i n c e  t h e  o r i g i n a l  survey i n  1852. Beer ' s  
measurements through 1961 (Table 1 )  show a 
s t eady  i n c r e a s e  i n  channel width.  Evidence pre- 
sented by Beer (2) shows t h a t  l i t t l e  channel 
change occurred between t ime of se t t l ement  and 
1906, wi th  most e ros ion  occur r ing  s i n c e  1932. 

GuZZy and Streambank Erosion, 
North Central Miss i s s ipp i  

Measurements of g u l l y  and channel e ros ion  
have been made f o r  s e v e r a l  y e a r s  a t  l o c a t i o n s  
i n  t h e  l o e s s  h i l l s  region of nor th  c e n t r a l  
Miss i s s ipp i .  This region,  l y i n g  e a s t  of t h e  
Miss i s s ipp i  River De l t a ,  was i n t e n s i v e l y  farmed 
t o  co t ton  more than a century  ago, b e f o r e  t h e  
more f e r t i l e  lowlands could be  dra ined and used. 
It was eroded ex tens ive ly  p r i o r  t o  1900, and a t  
many l o c a t i o n s  t h e  l o e s s  mantle has  eroded t o  
t h e  under lying Coas ta l  P l a i n  sands.  Gully head- 
c u t s  of t h e  r eg ion  have migrated n e a r l y  t o  t h e  
dra inage d iv ides  s o  t h a t  p r a c t i c a l l y  no water  

I I I I I I I 
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DISTANCE, f e e l  
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8 16 2 4  32 4 0  4 8  56 
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GULLY CROSS SECTION A 

F igure  2b.--Channel p r o f i l e  and g u l l y  cross s e c t i o n .  

F i g u r e  2 d . - - A e r i a l  Photo. 

F i g w e  2.  Watershed 2 near Treynor, Iowa. 
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(b) Channel a t  Watershed 5 gaging s i t e .  ( c )  Typ ica l  channel a t  Watershed 4 
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Figure 3. Watersheds 4 and 5, Pigeon Roost Creek Basin, ~ i s s i s s i p p i .  



flows i n t o  t h e  gu l ly ,  and almost a l l  gu l ly  ero- 
s i o n  i s  a t t r i b u t a b l e  t o  ra indrop impact and s lope  
wash. The upper reaches of drainageways i n  t h e  
region a r e  degrading and t h e  channels a r e  enlarg- 
ing.  The lower channel reaches  tend t o  f i l l  wi th  
sand, but  t h e  necess i ty  of providing dra inage by 
pe r iod ic  dredging has increased streambank ero- 
s i o n  and t h e  sediment content  of streamflow. 
Measurements of streambank e ros ion  on t h r e e  chan- 
n e l s  i n  t h e  Pigeon Roost Creek Basin, Marshall  
County, Miss i s s ipp i ,  a r e  summarized i n  t a b l e  3. 

Streambank e ros ion  r a t e s  from 6.1  miles  of 
n a t u r a l  channel,  1957-1972, were determined a t  
Pigeon Roost Creek subwatersheds 4 (3.5 miles)  
and 5 (2.6 mi les ) .  These e ros ion  r a t e s  were 
compared wi th  those  from 3.9 miles  of dredged 
and s t r a igh tened  channel of watershed 34, which 
i s  t y p i c a l  of l a r g e r  streams of t h e  region. 
Quan t i t a t ive  e s t ima tes  of streambank eros ion 
r a t e s  f o r  channels 4 and 5 were obtained from 
channel c r o s s  s e c t i o n s  spaced about 500 f e e t  
a p a r t  and surveyed a t  approximate 5-year i n t e r -  
v a l s  (Figure 3 ) .  Streambank e ros ion  r a t e s  f o r  

channel 34 were determined from s i m i l a r  surveys 
i n  1970 and 1972. Quan t i t i e s  were based on t h e  
average change i n  area ,  a s  r e f l e c t e d  by resurveys ,  
assuming a u n i t  weight of 90 pounds pe r  cubic  f o o t  
f o r  t h e  eroded s o i l .  An example of t h e  increased 
channel a r e a  due t o  dredging and widening near  
gaging s t a t i o n  34 is  shown i n  f i g u r e  4. 

The per iods  of streambank eros ion measure- 
ment were no t  concurrent ,  so  s e v e r a l  methods f o r  
comparing eros ion r a t e s  i n  t h e  channel reaches 
were considered.  Watersheds 4 and 5 ,  which a r e  
adjoining,  experienced 260 tons  and 130 tons  
eros ion per  channel mi le  pe r  yea r ,  r e spec t ive ly .  
I n  terms of con t r ibu t ion  t o  t h e  t u r b i d i t y  of 
streamflow, t h e  runoff-weighted concen t ra t ion  
of t h e  sediment eroded from the  s tudy reaches 
were 990 ppm and 260 ppm, respec t ive ly ,  f o r  
channels 4 and 5 .  For each watershed, t h e  
streambank sediment contr ibuted t o  streamflow 
was 19 percent  and 5 percent ,  r e s p e c t i v e l y ,  of 
t h e  measured sediment d ischarge.  

Differences  i n  streambank e ros ion  r a t e s  
between channels 4 and 5 may be  a t t r i b u t e d  

Table 3. Streambank e ros ion  measurements f o r  th ree  channel reaches ,  Pigeon Roost Creek Basin. 
Explanation Watershed 4 Watershed 5 Watershed 34 

Watershed s i z e ,  a c r e s  con t r ibu t ing  1,580 1,000 74,900 

Per iod of s tudy 

To ta l  storm runoff through study reach, inches 78.3 
(from nearby gaging s t a t i o n )  

T o t a l  measured sediment d ischarge,  ton lac re  
( a t  gaging s t a t i o n )  

Length of channel surveyed, miles 3.50 2.57 3.90 

Length of eroded bank i n  surveyed channel, mi les  4.63 2.91 6.00 

Length of s t a b l e  bank i n  surveyed channel, mi les  2.37 2.23 1.80 

Av. channel g rad ien t  f t . / f t .  .0046 ,0047 .0015 

To ta l  streambank eros ion:  

a .  surveyed reach,  tons  
b.  tons  per  bank mi le  eroded 
c. tons  per  bank mi le  per year  
d .  t ons  pe r  channel mi le  per  year  

Por t ion  of measured watershed sediment y i e l d ,  
percentage 

Erosion, tons l inch  runoff/channel mi le  50.9 11.5 825 

Erosion, tons/ inch runofflbank mile  38.4 10.2 536 

Average concentra t ion of streamflow due t o  sedi-  992 
ment eroded from s tudy reach,  ppm 
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!a )  T y p i c a l  c h a n i e l  reach  (b)  Cross s e c t  i o n  b e f o r e  d redg ing .  
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( c )  Cross s e c t i o n  a f t e r  d redg ing ,  channel w iden ing  was by streambank e r o s i o n  

Figure 4 .  Streambank erosion on dredged reach o f  channel 34. 

p a r t i a l l y  t o  land use  d i f f e r e n c e s  i n  t h e  water-  
sheds .  Watershed 4 has  l e s s  c u l t i v a t e d  and more 
f o r e s t e d  l and ,  1 5  percent  and 45 percent  of 
t o t a l  watershed acreage,  r e s p e c t i v e l y .  About 
25 pe rcen t  of watershed 5 i s  c u l t i v a t e d  and 25 
percent  i s  f o r e s t e d .  Most of t h e  remainder on 
bo th  watersheds i s  p a s t u r e  o r  i d l e  l and ,  wi th  
some 2 pe rcen t  i n  g u l l i e s .  The improved cover 
cond i t ion  of watershed 4 helped reduce t h e  
amount of eroded m a t e r i a l  reaching t h e  channel 
system and thereby increased the  competence of 
t h e  s t ream t o  scour  i t s  channel. Conversely, 
t h e  g r e a t e r  s o i l  l o s s e s  from watershed 5 f i e l d s  
probably decreased p ropor t iona te ly  t h e  capac i ty  
of t h e  flowing water  t o  t r a n s p o r t  streambed and 
streambank m a t e r i a l .  The runoff response re- 
f l e c t s  t h e s e  l and  use  d i f f e r e n c e s .  The storm 
runoff pe r  u n i t  a r e a  from watershed 5 i s  double 
t h a t  from watershed 4, a s  noted i n  t a b l e  3 and 
expla ined by Bowie and h i s  col leagues  ( 4 ) .  

These average annual streambank e r o s i o n  
r a t e s  on n a t u r a l  channels 4 and 5 a r e  n o t  im-  
p r e s s i v e  when compared wi th  t h e  es t imated 
n a t i o n a l  average of 1,670 tons  per  mi le  of 
eroding "problem channel" ( I ) ,  although t h e  
concen t ra t ions  and sediment tonnages involved 

can adversely  a f f e c t  water q u a l i t y  and cause 
problems downstream. However, t h e  streambank 
e ros ion  r a t e  from t h e  3.9-mile dredged reach 
of channel 34 i s  more than t r i p l e  t h e  n a t i o n a l  
average,  o r  5,700 tons  per  channel mi le  pe r  
yea r .  I n  t h e  dredging opera t ion ,  t h e  n a t u r a l  
vege ta t ion  along channel banks i s  removed, and 
t h e  banks a r e  unprotected f o r  a time. The flow 
regime through t h e  newly dredged channel a l s o  
was a l t e r e d ,  and t h e  increased capac i ty  t o  
c a r r y  floodflows r a t h e r  than spread them over  
t h e  f loodp la in  r e s u l t e d  i n  increased ve loc i -  
t i e s .  Measurements a t  t h e  nearby gaging s t a t i o n  
show a n  i n c r e a s e  i n  mean v e l o c i t y  a t  bankful  
s t a g e  from 8 f e e t  per  second b e f o r e  dredging t o  
more than 1 3  f e e t  pe r  second af terward.  Other 
f a c t o r s  a f f e c t i n g  streambank e ros ion  inc lude  
t h e  r e l a t i v e l y  long dura t ion  of f loodf lows from 
t h e  dra inage a r e a  above channel 34 and charac- 
t e r i s t i c s  of t h e  sediment t r anspor ted  i n  t h e  
stream. 

The water  content  of streambanks i n  channel 
34 u s u a l l y  remains r e l a t i v e l y  high between storm 
runoff events .  The occasional  long dura t ion  of 
h igh s t a g e s  inc reases  t h e  streambank mois ture  
content  t o  s a t u r a t i o n ,  and wi th  t h e  r e s u l t i n g  



r educ t ion  i n  shea r  s t r e n g t h ,  t h e  increased weight 
of t h e  s a t u r a t e d  streambank causes l a r g e  s e c t i o n s  
of t h e  bank t o  s l i d e  i n t o  t h e  stream. Stream- 
bank e ros ion  r a t e s  a r e  r e l a t e d  (13) t o  t h e  t o t a l  
q u a n t i t y  of sediment i n  t r a n s p o r t  and t h e  r a t i o  
of bed load t o  suspended load.  Also, a reduc- 
t i o n  i n  sediment inf low can i n c r e a s e  t h e  energy 
of streamflow a v a i l a b l e  t o  erode t h e  channel 
boundary. I f  a wide channel is  necessary  f o r  
t h e  e f f i c i e n t  t r a n s p o r t  of a l a r g e  bed load,  
any change t h a t  reduces t h e  suspended load 
reaching a channel system could induce movement 
of bed m a t e r i a l ,  thereby c r e a t i n g  cond i t ions  
t h a t  could cause  t h e  channel t o  widen. A con- 
s e r v a t i o n  l and  use ,  t h e r e f o r e ,  would be  one of 
t h e  f a c t o r s  c o n t r i b u t i n g  t o  t h i s  condi t ion.  

Swnmary 

R e l i a b l e  procedures f o r  e s t ima t ing  g u l l y  
and streambank e ros ion  r a t e s  f o r  any given s e t  
of e x i s t i n g  o r  a n t i c i p a t e d  hydrologic  circum- 
s t a n c e s  a r e  unava i l ab le  because t h e  b a s i c  
f a c t o r s  a f f e c t i n g  e ros ion  a r e  not  w e l l  def ined.  
The s e v e r i t y  of g u l l y  and streambank e ros ion  
problems were shown t o  vary  among s e v e r a l  
regions .  

Gully e ros ion  of t h e  smal l e r  drainageways i n  
western  Iowa, es t imated on t h e  b a s i s  of measure- 
ments from r e p r e s e n t a t i v e  watersheds,  was about 
o n e - f i f t h  of t h e  t o t a l  sediment y i e l d .  Stream- 
bank e ros ion  downstream was a smal l e r  p o r t i o n  
of t h e  t o t a l ,  b u t  a s i g n i f i c a n t  q u a n t i t y  i n  
terms of p o l l u t i o n  p o t e n t i a l .  Moreover, many 
s t reams i n  t h e  r eg ion  w i l l  most l i k e l y  cont inue 
t o  e n l a r g e  because no r e s t r a i n t s  t o  f u r t h e r  
growth a r e  foreseen.  

Gully e ros ion  has  long been a problem i n  
nor th  c e n t r a l  Miss i s s ipp i .  Most gu l ly  heads have 
advanced t o  near  t h e  d ra inage  d i v i d e ,  and t h e  
2- t o  7-inch e ros ion  r a t e ,  based on t h e  a r e a l  
e x t e n t  of t h e  eroding headcut ,  depends on ra in-  
f a l l  s p l a s h  and t h e  runoff generated.  The mag- 
n i t u d e  of streambank e ros ion  on smal l ,  n a t u r a l l y  
degrading drainageways i n  t h e  region is  re la -  
t i v e l y  low. Because d e p o s i t i o n  occurs  i n  most 
of t h e  l a r g e r  drainageways and they must be 
dredged p e r i o d i c a l l y ,  a h igh r a t e  of streambank 
e ros ion  r e s u l t s .  P r i n c i p a l  reasons  f o r  t h e  in- 
creased streambank e ros ion  r a t e s  a r e  increased 
channel conveyance and a t t e n d a n t  i n c r e a s e s  i n  
runoff v e l o c i t i e s  and t r a c t i v e  f o r c e s ,  reduced 
v e g e t a t i v e  cover on dredged streambanks, and a 
change i n  t h e  sediment con ten t  of runoff due t o  
l and  use  changes. 
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