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Foreword 

This r epor t  i s  intended f o r  use by f i e l d  workers, s tuden t s ,  o r  o the r s  
not  in t imate ly  aware of t h e  v a r i e t y  of a t tempts  a t  developing erosion 
o r  sedimentation est imating techniques. The summaries of 12 methods 
together  with t h e  bibliography of r e l a t e d  papers should provide 
s u f f i c i e n t  background information t o  a l low an indiv idual  t o  use t h e  
method t h a t  seems most su i t ed  t o  a  p a r t i c u l a r  watershed problem. 
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INTRODUCTION 

A t  the  71-3 meeting, t h e  P a c i f i c  Southwest Interagency Corn i t t ee  
gave approval t o  t h e  reques t  of t h e  Water Management Technical Sub- 
committee t o  form a t a s k  f o r c e  t o  work on eros ion  and sediment y i e ld  
methodology a s  i t  a p p l i e s  t o  condi t ions  i n  t h e  P a c i f i c  Southwest. 
Subsequently, an interagency t a s k  f o r c e  was organized comprised of 
t h e  following members: Marvin C.  Meier, Chairman, U.S. Fores t  Service; 
Perry Y. Amimoto, Ca l i fo rn ia  Divis ion  of S o i l  Conservation; Dale Burnett ,  
U.S. Army Corps of Engineers; E l l i o t t  M. Flaxman, S o i l  Conservation 
Service; Richard F. Hadley, U.S. Geological Survey; Kenneth G.  Renard, 
Agr i cu l tu ra l  Research Service. Mr. Hadley became chairman i n  December 1972, 
following t h e  t r a n s f e r  of M r .  Meier o u t  of t h e  region. 

The ob jec t ives  of t h e  t a s k  f o r c e  a r e  t o  review t h e  l i t e r a t u r e  and 
evalua te  and d i scuss  methods of es t imat ing  on-si te  e ros ion  and 
downstream sediment y i e l d  as t o  t h e  d a t a  requirements,  a p p l i c a b i l i t y  
t o  f i e l d  p ro jec t  s i t u a t i o n s ,  r e l i a b i l i t y ,  and phys ica l  s i t u a t i o n s  under 
which they a r e  v a l i d .  

The 1968 r e p o r t  of t h e  Water Management Subcommittee e n t i t l e d ,  
, I  Factors  a f f e c t i n g  sediment y i e l d  and measures f o r  t h e  reduct ion  of 
e ros ion  and sediment y ie ld ,"  ou t l ined  a procedure f o r  est imating 
sediment y i e ld .  That r epor t  was d i r e c t e d  toward broad planning needs. 
This  r epor t  is d i r ec t ed  toward d e t a i l e d  p ro jec t  planning and design 
i n  t h e  P a c i f i c  Southwest a rea .  

Climatic and physiographic v a r i a b i l i t y  wi th in  t h e  P a c i f i c  Southwest 
make problems of es t imat ing  sediment y i e l d  o r  on-si te  e ros ion  d i f f i c u l t .  
Although a c t u a l  f i e l d  measurements a r e  most des i r ab le ,  they a r e  not  
a v a i l a b l e  i n  most a reas ,  and time does not  permit undertaking a d e t a i l e d  
da ta-col lec t ion  program t o  o b t a i n  such information. Several  p red ic t ion  
methods have been developed from resea rch  gene ra l ly  wi th  l imi t ed  
c l ima t i c  and physiographic v a r i a b i l i t y .  One of t h e  ob jec t ives  of t h i s  
r epor t  is t o  examine seve ra l  of these  methods and t o  provide gu ide l ines  
f o r  t h e i r  usefu lness  i n  t h e  P a c i f i c  Southwest. 

PROCESSES OF EROSION, TRANSPORT, AND DEPOSITION 

The processes of erosion,  t r anspor t ,  and depos i t ion  of p a r t i c l e s ,  
e i t h e r  d i s in t eg ra t ed  rock o r  s o i l ,  r ep resen t s  sedimentation. These 
processes a r e  p a r t  of t h e  normal cyc le  of geologic events  t h a t  shape 
t h e  landforms of t h e  Earth, and t h e  r a t e s  a t  which t h e  processes a c t  
a r e  dependent on such v a r i a b l e s  a s  rock o r  s o i l  type, c l imate ,  r e l i e f ,  
p l an t  cover,  and land use. In t e r f e rence  by man i n  a l t e r i n g  t h e  land 



by mechanical t reatment ,  c u l t i v a t i o n ,  vegeta t ion  manipulation, o r  
s t r u c t u r a l  r egu la t ion  of streamflow has a marked inf luence  on t h e  
sedimentation cycle.  The processes and products of sedimentation a r e  
represented i n  t h e  e n t i r e  geologic column but  t h e  p a r t  of t h e  cyc le  of 
primary i n t e r e s t  here  is modern sedimentation influenced t o  a l a r g e  
degree by man's a c t i v i t i e s .  

Erosion by water begins wi th  t h e  i n t i a l  detachment of s o i l  o r  weathered 
rock ma te r i a l  on upland a reas .  This kind of e ros ion  may be divided 
i n t o  shee t  and r i l l  eros ion  and channel erosion,  which inc ludes  gul lying.  
These bas ic  processes a r e  t h e  f i r s t  s t e p  i n  t h e  movement of sediment 
from upstream source a reas  t o  downstream l o c a l e s  of deposi t ion.  

Sheet e ros ion  may be defined a s  t h e  removal of s o i l  and weathered rock 
ma te r i a l  a s  a t h i n  shee t  by overland flow t h a t  is not  concentrated 
i n  well-defined channels.  The eroded ma te r i a l  being t ranspor ted  r e s u l t s  
from impact energy a s  indiv idual  raindrops i n t e r s e c t i n g  t h e  land d is lodge  
sediment and form t h e  shear f o r c e  produced by t h e  water moving over t h e  
land surface.  It is d i f f i c u l t  t o  d i f f e r e n t i a t e  between shee t  and 
r i l l  eros ion  i n  t h e  f i e l d  because runoff w i l l  tend t o  concent ra te  
quickly i n  small rills on i r r e g u l a r  sur faces .  Therefore, i n  l e s s  
advanced s tages ,  shee t  e ros ion  i s  a n  in t ang ib le  f a c t o r  i n  t h e  eva lua t ion  
of s o i l  l o s s  o r  sediment y i e l d  from any watershed. Without continued 
accura t e  q u a n t i t a t i v e  measurements along e s t ab l i shed  ranges, t h e  amount 
of shee t  e ros ion  is genera l ly  too small t o  be observed. C r i t e r i a  t h a t  
have been used t o  es t imate  t h e  approximate r a t e  of shee t  e ros ion  a r e  
such f e a t u r e s  a s  pedestaled vegeta t ion ,  shallow r i l ls ,  and s o i l  
c h a r a c t e r i s t i c s .  Such evidence may i n d i c a t e  se r ious  erosion,  but  t h e  
ex tent  and r a t e  cannot always be determined p rec i se ly .  

The r e l a t i o n  between shee t  e ros ion  and rock type is v a r i a b l e .  Where 
bedrock i s  covered by a t h i c k  mantle of weathered rock and r e s i d u a l  
s o i l ,  shee t  e ros ion  i s  genera l ly  more severe  than i n  a r e a s  where t h e  
bedrock i s  a t  o r  near  t h e  sur face .  However, shee t  e ros ion  can be 
severe  on exposed bedrock, such a s  sha le ,  which has a low inherent  
r e s i s t a n c e  t o  erosion. Also, t h e  s e v e r i t y  of shee t  e ros ion  i s  governed, 
t o  a l a r g e  degree, by t h e  type  and dens i ty  of t h e  p l a n t  cover and, t o  
a l e s s e r  ex tent ,  by t h e  c h a r a c t e r i s t i c s  of t h e  weathered mantle  such 
a s  g r a i n  s i z e  and i n f i l t r a t i o n  capaci ty .  

Runoff from h i l l s l o p e s  i n  upland a r e a s  concent ra tes  i n  r i l ls  and small 
channels.  These channels i nc rease  i n  s i z e  i n  a downstream d i r e c t i o n  
a s  t h e  drainage network enlarges.  Channel e ros ion  is t h e  detachment 
of sediment from t h e  bed and banks of strean: channels by f l u v i a l  processes.  
Channel e ros ion  is con t ro l l ed  by many f a c t o r s  such a s  t h e  bed s lope,  
v e l o c i t y  of flow, suspended-sediment load being c a r r i e d  by t h e  s t r e a m ,  
cohesiveness of bed and bank ma te r i a l ,  p l an t  cover on banks, and p a r t i c l e  
s i z e  of sediment a v a i l a b l e  f o r  t r anspor t  i n  t h e  stream. Therefore, 
channel e ros ion  gene ra l ly  is q u i t e  v a r i a b l e  from place  t o  p lace  i n  any 



channel reach. Adjustments a r e  made by t h e  stream when t h e  a b i l i t y  
t o  t r anspor t  sediment i s  decreased o r  p a r t  of t h e  sediment load is 
deposi ted because of reduct ion i n  s lope  o r  absorpt ion  of flow i n t o  a  
permeable channel bed. 

Because of t h e  complexities of t h e  system involved i n  e ros ion  on 
h i l l s l o p e s  and channels i n  upland a r e a s  and t h e  entrainment and t rans-  
po r t  of t h e  eroded ma te r i a l ,  accura te  sediment rout ing  and d e f i n i t i o n  
of sediment source a r e a s  i s  d i f f i c u l t .  I n  a r i d  a r e a s  p a r t i c u l a r l y ,  
where storms genera l ly  a r e  widely sca t t e red  and of small a r e a l  ex ten t ,  
t h e  eroded sediment is o f t e n  t ransported only a  sho r t  d i s t ance  and 
redeposi ted i n  a  s i n g l e  event.  Therefore, t h e  r e l a t i o n  of sediment 
y i e ld  r a t e s  from small upland a r e a s  t o  l a r g e r  a r e a s  downstream is too 
complex t o  eva lua te  i n  most cases .  

The t r anspor t a t ion  of sediment by streamflow i s  complex because of t h e  
many v a r i a b l e s  involved. F ine  p a r t i c l e s  a r e  t ranspor ted  i n  suspension 
and may be moved f a r  downstream. Coarse p a r t i c l e s  may be t ransported 
momentarily i n  suspension but  a r e  usua l ly  r o l l e d  along t h e  streambed. 
Other important f a c t o r s  i n  sediment t r anspor t  a r e  t h e  supply t h a t  i s  
a v a i l a b l e  f o r  movement, t h e  s i z e s  and dens i ty  of p a r t i c l e s ,  channel 
geometry, c h a r a c t e r i s t i c s  of t h e  flow, and q u a l i t y  of water.  

Most of t h e  sediment t h a t  i s  eroded Trom upland a r e a s  eventua l ly  makes 
i t s  way t o  t h e  v a l l e y  f l o o r s  and channel f lood p l a i n s  before  i t  i s  
deposi ted.  Some of t h e  sediment is deposi ted enroute t o  these  down- 
stream po in t s  i n  r e s e r v o i r s  and o ther  water r egu la t ing  s t r u c t u r e s  o r  
on a l l u v i a l  f ans  where s t a b i l i z a t i o n  by vegeta t ion  occurs.  It is 
important t o  recognize, however, t h a t  any depos i t  of unconsolidated 
sediment probably w i l l  be  t r a n s i t o r y .  A change i n  cl imate,  land use  
o r  vege ta t iona l  cover may regenera te  t h e  sedimentation cyc le  and 
t r anspor t  t h e  sediment f a r t h e r  downstream. 

METHODS INVESTIGATED 

The methods a v a i l a b l e  t o  es t imate  on-si te  e ros ion  and sediment y i e l d  
from small watersheds were determined from a n  extens ive  l i t e r a t u r e  
search and by contac t ing  agencies  with water resources  and sedimentation 
r e sea rch  programs i n  t h e  P a c i f i c  Southwest a r e a  t o  a s c e r t a i n  t h e  procedures 
they use. I n  s p i t e  of a  l a r g e  bibl iography of published ma te r i a l  on 
eros ion  and sedimentation, t h e  number of methods t h a t  a r e  germane t o  
t h i s  r e p o r t  was narrowed t o  12. Six of t h e  methods provide es t imates  
of on-s i te  e ros ion  and six provide es t imates  of sediment y i e l d  i n  a  
stream dra in ing  a  small n a t u r a l  watershed. 

A p lan  of eva lua t ion  of t h e  se lec ted  methods was developed i n  order  
t o  accomplish t h e  ob jec t ives  of t h e  t a s k  force .  The work p lan  cons is ted  
of t h e  following s teps :  (1) summarize t h e  pe r t inen t  c h a r a c t e r i s t i c s  
of each method, (2) desc r ibe  t h e  o r i g i n  and development of each method, 
including t h e  geographic l o c a t i o n  of research  sites, and (3) t e s t  t h e  



methods wi th  a c t u a l  f i e l d  da ta  where s u i t a b l e  d a t a  a r e  ava i l ab le .  

EVALUATION OF METHODS 

Table 1 was prepared t o  provide t h e  f i e l d  i n v e s t i g a t o r  w i th  a rap id  
means of s e l e c t i n g  a method f o r  es t imat ing  eros ion  and sediment y i e l d  
r a t e s .  The t a b l e  compares each method r e l a t i v e  t o  t h e  f a c t o r s  formulating 
a l l  methods considered so t h a t  during t h e  planning process a l l  t h e  
methods can be considered f o r  a p p l i c a b i l i t y  t o  a p a r t i c u l a r  problem. 
By use  of t h e  t ab le ,  t h e  i n v e s t i g a t o r  can determine t h e  da ta  necessary 
t o  so lve  t h e  se l ec t ed  method wi th in  t h e  c o n s t r a i n t s  of accuracy needed, 
time ava i l ab le ,  and f i n a n c i a l  resources.  Although Table 1 provides 
a convenient guide i n  s e l e c t i n g  a n  appropr ia te  method f o r  f i e l d  use, 
it should be  pointed out  t h a t  t h e  l i s t e d  f a c t o r s  a r e  q u i t e  general ,  
and should not  be  used a s  a s u b s t i t u t e  f o r  a d e t a i l e d  study of t h e  
s p e c i f i c  c h a r a c t e r i s t i c s  of each f a c t o r .  

The t a s k  f o r c e  prepared s m a r i e s  of t h e  12 methods se lec ted .  The objec- 
t i v e  of t h e  summaries is t o  present  a b r i e f  desc r ip t ion  of each method 
i n  a format t h a t  w i l l  a l low comparison among t h e  methods. The sunrmaries 
i n  Appendix I show t h e  e s s e n t i a l  elements of each method inc luding  
t h e  l o c a t i o n  of study, physical  c h a r a c t e r i s t i c s  of t h e  research  area ,  
methods of ana lys i s ,  p red ic t ive  equations, and t e s t s  and l i m i t a t i o n s  of 
t h e  method. The summaries a r e  divided i n t o  two groups: (1) methods 
f o r  est imating erosion,  and (2) methods of sediment y i e l d  predic t ion .  

SOME APPLICATIONS OF ON-SITE EROSION AND SEDIMENT YIELD 
METHODS USING FIELD DATA 

A s  s t a t e d  i n  t h e  In t roduct ion  of t h e  r epor t ,  t h e  Task Force intended 
t o  t e s t  many of t h e  se l ec t ed  methods i n  a r e a s  of t h e  P a c i f i c  Southwest 
region where adequate f i e l d  da ta  were ava i l ab le .  This has not  been 
poss ib l e  t o  complete but  some a p p l i c a t i o n s  a r e  presented he re  f o r  one 
on-si te  e ros ion  method--the un ive r sa l  s o i l  l o s s  equat ion (Wischmeier and 
Smith, 1965), and one sediment y i e l d  method--the p r e d i c t i v e  equat ion 
of Flaxman (1972), a s  rev ised  (1974). 

A s  a t e s t  of t h e  poss ib l e  u t i l i t y  of t h e  Universal  S o i l  Loss Equation 
f o r  rangeland app l i ca t ions ,  l imi t ed  da ta  were used from t h e  Walnut 
Gulch Experimental Watershed operated by t h e  Agr i cu l tu ra l  Research 
Service i n  southeas tern  Arizona (Renard and Simanton, 1973). The u t i l i t y  
of t h e  s o i l  l o s s  method f o r  p red ic t ion  purposes i s  predica ted  by t h e  
need t o  eva lua te  t h e  s o i l ,  cover and land treatment  f a c t o r s  from some 
known l o c a t i o n s  f o r  a r i d  and semiarid rangeland condi t ions .  

The Universal S o i l  Loss Equation a s  presented by Wischmeier and 
Smith (1965) is 

A = RKLSCP 
where A i s  t h e  computed s o i l  l o s s  per u n i t  a rea .  
R, t h e  r a i n f a l l  f a c t o r ,  i s  t h e  number of erosion-index u n i t s  i n  a 

normal yea r ' s  r a i n .  The eros ion  index i s  a measure of t h e  
e ros ive  f o r c e  of s p e c i f i c  r a i n f a l l .  





K, t h e  s o i l - e r o d i b i l i t y  f a c t o r ,  is t h e  eros ion  r a t e  per u n i t  of 
e ros ion  index f o r  a s p e c i f i c  s o i l  i n  cu l t iva t ed  continuous 
fal low, on a 9-percent s lope  72.6 f e e t  long. The reasons f o r  
s e l e c t i o n  of t hese  condi t ions  a s  u n i t  va lues  i s  explained i n  
t h e  d e t a i l e d  d iscuss ion  of t h i s  f a c t o r .  

L, t h e  slope-length f a c t o r ,  i s  t h e  r a t i o  of s o i l  l o s s  from t h e  
f i e l d  s lope  l eng th  t o  t h a t  from a 72.6-foot l eng th  on t h e  
same s o i l  type and gradient .  

S, t h e  slope-gradient f a c t o r ,  i s  t h e  r a t i o  of s o i l  l o s s  from the  
f i e l d  gradient  t o  t h a t  from a 9-percent slope. 

C ,  t h e  cropping-management f a c t o r ,  is t h e  r a t i o  of s o i l  l o s s  
from a f i e l d  wi th  spec i f i ed  cropping and management t o  t h a t  
from t h e  f a l low condi t ion  on which t h e  f a c t o r  K i s  evaluated. 

P, t h e  erosion-control p r a c t i c e  f a c t o r ,  i s  t h e  r a t i o  of s o i l  
l o s s  with contouring, s t r ipcropping ,  o r  t e r r a c i n g  t o  that 
wi th  s traight-row farming, up-and-down slope. 

Numerical va lues  of each of t h e  s i x  f a c t o r s  have been extens ive ly  
determined from research  d a t a  i n  a r e a s  e a s t  of t h e  Rocky Mountains. 
Scarce da ta  has l imi t ed  t h e  usefu lness  of t h e  method i n  t h e  West. 
The d iscuss ion  which fol lows d e t a i l s  t h e  use  of t h e  r e l a t i o n s h i p  
i n  a semiarid rangeland wi th  spa r se  vege ta t ive  cover rece iv ing  i n t e n s e  
convective summer thunderstorms producing t h e  annual runoff .  

Ra in fa l l  Factor (R) 

Iso-erodent maps a r e  a v a i l a b l e  only f o r  por t ions  of t h e  United S t a t e s  
e a s t  of t h e  104th meridian. Therefore, i t  was necessary t o  use p r e c i p i t a t i o n  
da ta  from t h e  Walnut Gulch Watershed t o  compute storm EI ( t o t a l  k i n e t i c  
energy of t h e  storm times i ts  maximum 30-minute i n t e n s i t y ) .  The sum of 
t h e  computed storm EI va lues  f o r  a given time period i s  a numerical 
measure of t h e  e r o s i v i t y  of a l l  t h e  r a i n f a l l  wi th in  t h a t  period.  The 
r a i n f a l l  e ros ion  index (R) a t  a p a r t i c u l a r  l oca t ion  i s  t h e  longtime-average 
yea r ly  t o t a l  of t h e  storm EI values.  

The highly v a r i a b l e  n a t u r e  of t h e  air-mass, convective thunderstorms 
has been wel l  documented. Accordingly, t h e  r a i n f a l l  f a c t o r  assoc ia ted  
with such p r e c i p i t a t i o n  would a l s o  be  expected t o  be  h ighly  va r i ab le .  

Table 2.--Annual E I  va lues  on Walnut Gulch. 

Index va lues  normally exceeded once i n  

Gage No. 1 year  2 years  5 yea r s  10  yea r s  

22 35 52 67 76 
60 23 67 140 210 

Table 2 i l l u s t r a t e s  t h e  v a r i a b i l i t y  of t h e  EI va lues  from two gages 
se l ec t ed  from t h e  p r e c i p i t a t i o n  network on Walnut Gulch. I n t e r e s t i n g l y  



a s i n g l e  storm event produced approximately one-fourth of t h e  annual 
va lues  presented i n  t h i s  t a b l e  varying from a low of 23 percent t o  a 
maximum of 33 percent.  

Soi l -Erodib i l i ty  Factor  (K) 

S o i l s  developed under semi-arid environments such a s  on Walnut Gulch 
a r e  undoubtedly q u i t e  d i f f e r e n t  from t h e  s o i l s  l i s t e d  i n  Agr i cu l tu ra l  
Handbook 282. The s o i l  p rope r t i e s  l i s t e d  a s  inf luencing e r o d i b i l i t y  
by water a re :  "(1) those  t h a t  a f f e c t  t h e  i n f i l t r a t i o n  r a t e ,  permeabil i ty ,  
and t o t a l  water capaci ty,  and (2) those t h a t  r e s i s t  t h e  d ispers ion ,  
splashing,  abrasion,  and t ranspor t ing  f o r c e s  of t h e  r a i n f a l l  and runoff." 
Both elements a r e  q u i t e  important i n  t h e  s o i l s  encountered i n  t h i s  t e s t  
eva lua t ion  where t h e  su r face  conta ins  an eros ion  pavement covering 
30 percent  of t h e  a r e a  unprotected by vegetat ion.  

The s o i l s  of t h e  watersheds used i n  t h i s  t e s t  eva lua t ion  a r e  R i l l i t o -  
Laveen gravel ly  loams. These s o i l s  a r e  found on gen t ly  and moderately 
s loping r idges  formed by t h e  deep d i s s e c t i o n  of o l d  a l l u v i a l  f a n s  and 
v a l l e y  p l a ins .  The R i l l i t o  s e r i e s  (forming about 75 percent  of t h e  
mapping u n i t )  c o n s i s t s  of deep, well-drained, medium and moderately 
coarse  textured g rave l ly  s o i l s  formed i n  calcareous o ld  alluvium. 
The su r face  l aye r ,  dominated by an eros ion  pavement, i s  l i g h t  brownish 
gray gravel ly  loam 4 t o  7 inches th i ck .  The subso i l  i s  l i g h t  brownish 
gray o r  p inkish  gray g rave l ly  loam t o  a depth of 40 inches o r  more. 
Laveen s o i l  i s  a wel l  drained sandy t o  g rave l ly  loam which i s  found on 
l e v e l  t e r r a c e s  and a l l u v i a l  f ans  above f lood p la ins .  The t e x t u r e  of 
t h e  A horizon v a r i e s  wi th  1 t o  15  percent  f i n e  g rave l  on t h e  sur face .  
The numbers of s o f t  l ime masses and modules i n  t h e  Cca horizons range 
from few t o  many wi th  20 t o  35 percent  carbonates.  

The eros ion  pavement present  on t h e  s o i l s  of t h e  watersheds used f o r  
t h i s  eva lua t ion  g r e a t l y  reduces t h e  sp la sh  eros ion  and provides add i t iona l  
roughness t o  reduce overland flow. However, due t o  very high r a i n f a l l  
r a t e s  assoc ia ted  wi th  t h e  s h o r t  dura t ion  storms, high runoff r a t e s  a r e  
s t i l l  encountered. 

Slope Length (L) and Gradient (S) 

I n  f i e l d  p r a c t i c e ,  s lope  l eng th  and gradient  a r e  genera l ly  considered 
a s  one term. Agr i cu l tu ra l  Handbook 282 p resen t s  a graph f o r  determinat ion 
of t h e  LS va lue  t o  use i n  t h e  p red ic t ion  equation. The n a r r a t i v e  d iscuss ion  
a l s o  s t a t e s  t h a t  when convex and concave s lopes  a r e  involved, t h e  e ros ion  
is not  t h a t  of t h e  average slope. Rather,  when t h e  lower end of t h e  s lope  
i s  s teeper  than t h e  upper end, t h e  gradient  of t h e  s t eepe r  segment should 
b e  used wi th  t h e  o v e r a l l  s lope  l eng th  t o  en te r  t h e  s lope-effect  cha r t .  
This procedure was used f o r  t h e  two watersheds used i n  t h e  ana lys i s .  



VEGETAL CANOPY COVER CONTACTS SURFACE 

TYPE AND HEIGHT CANOPY PERCENTGROUND COVER 

COVER % 
TYPE 

OF RAISED CANOPY 0 2 0  40 60 80 95-100 
3 3 9 

I COLUMN NO. 2 3 4 5 6 7 8 9 

NO APPRECIABLE CANOPY 

G .36 .I 7 .09 ,038  .O 12 .003 
CANOPY OF T A L L  WEEDS 25 

W .36 . 2 0  . I 3  .082  .041 ,011 
OR SHORT BRUSH 

50 
G .26 . I 3  .07 ,035  .O 12 .003  

(0.5m. F A L L  HEIGHT) 
W .26 . I 6  . I  1 .075 .039 .O 1 1 

APPRECIABLE BRUSH 25 
G .40 .I8 .09 .040 .O 13 .003 

OR BUSHES 
W -30 .22 .I 4 .085 .042 .O l l 

( 2 m .  F A L L  HEIGHT) 
G .34 . I 6  .085 ,038 .O 12 .003 

5 0  
W .34  . I9  . I3  .081 .041 . O I I  

IJ Al l  values ossunie : ( I )  random distr ibution o f  mulch or vegetotion, ond (2 )  mulch of 
opprecioble depth where i t  exists. 

2~ Averoge fal l  height of woterdrops from conopy to soil surfoce. 
a 
1 3J Portion of total-ore0 surfoce that would be hidden from view by conopy in  o vertical projection. 

4~ G: Cover at  surfoce is gross, grosslike plonts, decoying compacted duff, or l i t ter  o t  leost 
2 inches deep. 

W: Cover at  surfoce is most ly broodleaf herboceous plonts (0s weeds). 



Cropping-Management Factor  (C) 

This t e r m  was developed pr imar i ly  f o r  condit ions connected with crops 
and r o t a t i o n s  i n  connection wi th  c u l t i v a t e d  a g r i c u l t u r e .  On rangeland 
areas ,  such a s  a r e  encountered i n  most of t h e  intermountain west,  
gu ide l ines  t o  a va lue  of C a r e  not  gene ra l ly  ava i l ab le .  I n  addi t ion ,  
t h e  seasonal v a r i a t i o n  of t h e  term due t o  t h e  v a r i a t i o n  i n  crop s t age  
w i l l  genera l ly  be of l imi t ed  consequence i n  brush o r  g ra s s  dominated 
rangeland. Of g rea t e r  consequence i s  t h e  r e l a t i v e  dens i ty  of p l an t s .  
On t h e  brush-grass watersheds used i n  t h e  eva lua t ion  discussed here,  
t h e  vege ta t ive  ground cover a s  determined wi th  l i n e  t r ansec t s ,  is general ly 
l e s s  than 10  percent  by b a s a l  a r e a  and 30 percent  f o r  crown covers.  

Wischmeier, working wi th  SGS personnel,  has  pos tu la ted  some cover 
term va lues  f o r  condi t ions  such a s  those encountered i n  t h e  spa r se  
vegeta t ion  rangeland a r e a s  of t h e  Western United S t a t e s .  A po r t ion  
of t h e  t a b l e  from S o i l  Conservation Serv ice  Technical Release Number 51, 
appears  a s  Table 3. Values of 0.38 and 0.36 f o r  t h e  brush-and grass- 
covered watersheds used subsequently were se l ec t ed  from t h i s  t a b l e .  

Erosion-Coatrol P r a c t i c e  Factor  (P) 

The e ros ion  c o n t r o l  p r a c t i c e  f a c t o r  (P) i n  t h e  e ros ion  equat ion i s  t h e  
s o i l  l o s s  r a t i o  wi th  t h e  support ing p r a c t i c e  t o  t h e  s o i l  l o s s  wi th  
up-and-down-hill cu l tu re .  I n  general ,  t h e r e  a r e  no c u l t i v a t i o n  p r a c t i c e s  
i n  rangelands so t h e  term would genera l ly  be  1.0. Rangeland re juvenat ion  
i s  becoming inc reas ing ly  common wi th  t reatments  such a s  subsoi l ing  t o  
break up c a l i c h e  l a y e r s ,  contour p i t s  t o  hold water  a t  t imes of reseeding 
wi th  rangeland d r i l l s ,  e tc . ,  bu t  none of t hese  t reatments  were present  
on t h e  watershed used he re in  so P was taken equal t o  uni ty .  I n  most 
rangeland eros ion  p red ic t ion ,  t h e  C and P terms can gene ra l ly  be  lumped 
s imi l a r  t o  t h e  LS terms used f o r  t h e  topographic f a c t o r .  

Erosion P red ic t ion  

Although t h e  USLE is intended f o r  es t imat ing  eros ion  only, some success 
has been encountered by using i t  t o  es t imate  sediment y i e l d  from very  
small watersheds. An i l l u s t r a t i o n  of t hese  r e s u l t s  fol lows f o r  two 
small watersheds on Walnut Gulch wi th  contiguous drainage a r e a s  of 
8.3 and 11.0 acres .  Data from a f a i r l y  i n t e n s e  thunderstorm on J u l y  27, 
1973, were used from these  two brush-covered drainages t o  es t imate  t h e  
s o i l  e r o d i b i l i t y  term (K). Both drainages had s imi l a r  s o i l s ,  a s imi l a r  
topographic f a c t o r ,  and t h e  same brush dominated vege ta t ive  cover. 
E I  va lues  d i f f e r e d  s l i g h t l y  a s  indica ted  by recording gages ad jacent  
t o  t h e  watersheds. The d a t a  used a r e  summarized i n  Table 4. 



Table 4.-Measured parameters of the four watersheds 
used i n  t h i s  analyses 

Watershed AreaIAcres R K LS C P Ec A(Tons/Acre) 

The stream channels, however, differed appreciably for  the two watersheds. 
One watershed has a channel traversing f a i r l y  res i s tan t  caliche-conglomerate 
outcrops which also control the channel gradient. The watershed has 
a channel with an almost l imi t less  supply of f i n e  sand and si l t .  Thus, 
the sediment yield from t h i s  watershed contains not only watershed over- 
land flow erosion but also erosion from the channel bed and banks. The 
sediment yield from these two areas was 0.20 tons/acre and 0.69 tonslacre 
fo r  the July 27 event (Table 4).  

The relationship: K = A ,  
R*LS*CP 

was solved using the known data to  obtain the soil-erodibil i ty factor  
of 0.01 fo r  the watershed without the erodible channel. For the 
watershed with the eroding channel, an additional term was f e l t  to  be 
warranted to  convey the concept o r  ro le  of the  channel. Thus, the 
modified erosion equation postulated was: 

A = (RKLSCP)Ec, 
where the new term E refers  to  a factor  ref lect ing channel erosion. 

C 
Other terms being equal, the E term was evaluated using the K term 
from the watershed without theCerodible channel. Thus, 

The channel erosion term, E , i s  analogous i n  many respects t o  the 
sediment delivery r a t i o  uses for  watersheds when the onsi te  erosion is 
used to  estimate sediment yield a t  the out le t .  In most of these 
instances however, the  sediment delivery r a t i o  i s  l e s s  than unity 
(Roehl, 1963) and decreases with increasing watershed size.  Although 
the research i s  presently incomplete, channel erosion may be a very 
s ignif icant  par t  of the sediment yield from watersheds i n  semi-arid 
areas such as  southeastern Arizona. 

The u t i l i t y  of t h i s  data evaluated for  one storm event was tes ted 
with data from two watersheds with drainage areas of 108 acres and 
372 acres. The 108-acre area contains the 8.3-acre subwatershed and has 
similar but proportionally larger channels. For t h i s  area, the annual 
erosion was estimatedby determining the lo s s  i n  storage volume of a 
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Table 5.--Sediment y i e l d  p red ic t ion  f o r  t h r e e  s tock  ponds on t h e  
Walnut Gulch experimental watershed near  Tombstone, Arizona 

Drainage area  Sediment y i e l d  

( ~ i .  ') Actual (ac-f t /mi2/yr )  
Predicted 

RELATION OF ON-SITE EROSION TO SEDIMENT YIELD 

i.iuch of t h e  sediment y i e l d  da ta  t h a t  a r e  a v a i l a b l e  f o r  eva lua t ion  of 
land use  o r  land t reatment  p r a c t i c e s  have been co l l ec t ed  i n  watersheds 
less than 5 square miles .  These da ta  have been used t o  develop 
r e l a t i o n s h i p s  wi th  drainage bas in  c h a r a c t e r i s t i c s  and p r e d i c t i v e  
equations f o r  sediment y i e l d  from upland areas .  An equal,  o r  g rea t e r ,  
amount of da ta  have been co l l ec t ed  on experimental p l o t s  a few t e n s  
of square f e e t  i n  a rea  wi th  t h e  o b j e c t i v e  of determining on-si te  
erosion.  A t  t h e  downstream end of t h e  system on major streams t h e r e  
a r e  very few records of sediment discharge i n  most r i v e r  bas ins .  
Therefore, i t  always has been a nagging problem f o r  hydrologis t s  t o  
develop a s a t i s f a c t o r y  r e l a t i o n s h i p  between t h e  sediment y i e l d  from 
p l o t s  and small  headwater bas ins  and t h e  sediment discharge measured 
a t  s t a t i o n s  on l a r g e r  streams. 

Sediment y i e l d  i s  t h e  t o t a l  sediment outf low from a watershed o r  
drainage bas in ,  measurable a t  a poin t  of re ference  and i n  a spec i f i ed  
period of t ime (ASCE Sedimentation Manual, 1970). The sediment y i e l d  
i s  dependent on t h e  gross  e ros ion  i n  t h e  watershed and t h e  t r anspor t  
o r  conveyance e f f i c i e n c y  of t h e  channel network. I n  a r i d  o r  semiarid 
reg ions  t h e  conveyance is o f t e n  poor because of t h e  ephemeral n a t u r e  
of t h e  streamflow. Some of t h e  sediment eroded from h i l l s l o p e s  i s  
deposited a t  t h e  base  of t h e  s lopes  o r  on t h e  v a l l e y  f l o o r s  and 
f loodpla ins  before  reaching through-flowing streams. Sediment t h a t  
reaches channels suspended i n  t h e  flow during storm runoff events  
o f t en  i s  deposited wi th in  a watershed because of absorpt ion  of t h e  flow 
i n  t h e  channel bed. Also, d i v e r s i t y  of topography i n  l a r g e r  drainage 
bas ins  provides s i t e s  f o r  depos i t ion  t h a t  a r e  not  a v a i l a b l e  i n  s t eep  
headwater a reas .  D i rec t  ex t r apo la t ion  of sediment y i e l d  r a t e s  from 
p l o t s  o r  small  watersheds t o  l a r g e r  bas ins  i s  n o t  poss ib l e  because 
of t h e  v a r i a t i o n  i n  drainage bas in  c h a r a c t e r i s t i c s .  The sediment 
de l ive ry  r a t i o ,  which i s  t h e  r a t i o  of t h e  sediment y i e l d  a t  a measuring 
po in t  t o  t h e  gross  e ros ion  from t h e  watershed, u sua l ly  expressed a s  a 
percentage, can be  estimated i f  something i s  known about t h e  s o i l s ,  
c l imate,  topography, and geomorphic c h a r a c t e r i s t i c s .  



pond used t o  provide water f o r  c a t t l e  grazing i n  t h e  a rea .  The annual 
y i e l d  from a 4-year average was determined t o  be 1.64 tons /acre /yr .  
By t h e  e ros ion  p red ic t ion  equation, 

The two va lues  agree  q u i t e  well .  

The 372-acre watershed i n  another po r t ion  of t h e  Walnut Gulch Watershed 
conta ins  more g ras s  but  has a channel very s i m i l a r  t o  t h a t  of t h e  
11.0-acre a rea .  Assuming t h e  channel e ros ion  f a c t o r  (Ec) i s  equal t o  
uni ty ,  

This va lue  agrees  favorably wi th  t h e  measured va lue  of 0.52 tons /acre /yr  
from seven years  of da ta .  

Although t h e  coincidence of agreement i s  encouraging, one must recognize 
t h a t  a l a r g e  amount of a d d i t i o n a l  work i s  needed before  t h e  method can 
be applied widely. The inc lus ion  of a n  add i t iona l  term t o  r e f l e c t  
the  channel e ros ion  i s  c e r t a i n l y  warranted because i n  some ins tances ,  t h e  
erosion from t h e  land su r face  may be l e s s  than t h a t  measured downstream, 
i . e . ,  t h e  sediment de l ive ry  r a t i o  is l e s s  than u n i t y  a s  has been widely 
presented i n  t h e  l i t e r a t u r e .  I n  o ther  ins tances ,  t h e  channel may be 
producing q u a n t i t i e s  of e ros ion  comparable t o  t h e  quan t i ty  eroded 
from t h e  land sur face .  

One of t h e  methods se l ec t ed  f o r  t h e  p red ic t ion  of sediment y i e l d  was 
developed by Flaxman (1972) and revised  (March, 1974). The p r e d i c t i v e  
equat ion t h a t  r e s u l t e d  from h i s  a n a l y s i s  r e l a t e s  sediment y i e l d  a s  a 
dependent v a r i a b l e  t o  f i v e  independent watershed c h a r a c t e r i s t i c s ;  
c l imate,  topography, hydrology, and two s o i l s  c h a r a c t e r i s t i c s  (percent  
of s o i l s  p a r t i c l e s  coarser  than 1 rnm and aggregat ion o r  d i spe r s ion  
c h a r a c t e r i s t i c s  of c lay-s ize  p a r t i c l e s ,  2 micron o r  f i n e r  i n  s i z e ) ,  
( see  appendix). Flaxman's method was t e s t e d  a g a i n s t  f i e l d  d a t a  from 
t h e  following areas--Boco Mountain watersheds, Colorado; t h r e e  Bel l  
Canyon watersheds, Cal i forn ia ;  and Walnut Gulch watersheds, Arizona. 

The Boco Mountain study near  Eagle, Colorado, is a n  i n v e s t i g a t i o n  on 
four  small watersheds (5 t o  10 ac res )  designed t o  measure t h e  hydrologic 
e f f e c t s  of conversion from sagebrush t o  bunchgrass (Shown, Lusby, and 
Branson, 1972). Two of t h e  watersheds remain i n  t h e i r  n a t u r a l  s t a t e ,  
w i th  predominantly b i g  sagebrush cover and a spa r se  understory of perennia l  
grasses  and forbs .  The watersheds a r e  under la in  by Mancos Shale and 
t h e  s o i l s  a r e  s i l t y  loams and s i l t y  c l ay  loams. 

Using t h e  sediment y i e l d  d a t a  f o r  7 years  from one of t h e  watersheds 
t h a t  i s  i n  i ts  n a t u r a l  condit ion,  t h e  Flaxman method (1972), rev ised  
(1974), was t e s t ed  t o  v e r i f y  i ts  agreement wi th  t h e  co l l ec t ed  da ta .  
The parameters XI ,  (precipi tat ion-temperature r a t i o ) ,  X2 (weighted land 
s lope) ,  X 3  (percent of s o i l  p a r t i c l e s  coarser  than 1 mm), Xq ( s o i l  
aggregation index) and X5 (50 percent  chance peak discharge)  were determined. 



A summary of t h e  f indings  is shown below: 
Fac tors  t o  include i n  equation: 

- - Average Annual P rec ip i t a t ion  (inches) 
'1 Average Annual Temperature (OF). 

or  PIT r a t i o  i n  

Which runoff from snowmelt i s  determined t o  be only 40 percent  a s  e f f e c t i v e  
i n  causing eros ion  a s  r a i n f a l l  runoff .  

Average annual p r e c i p i t a t i o n  = 13.5 inches 
of which 9.0 inches i s  r a i n ,  

4.5 inches i s  snow. 
Average annual temperature = 43.597. 
The P/T r a t i o  = 0.310 

However, a paper by Shown, Lusby, and Branson (1972) s t a t e s  t h a t  of t h e  
annual runoff of about 1 .3  inches, 0.3 inches cons is ted  of overland 
flow from rainstorms and t h e  remaining 1 .0  inch  was from snowmelt. 
Therefore, 23 percent  of t h e  t o t a l  runoff was from r a i n f a l l  and 77 percent  
from snowmelt. Since snowmelt was found t o  be only 40 percent  a s  
e f f e c t i v e  a s  r a i n f a l l  in  producing erosion,  t h e  PIT r a t i o  is increased 
i n  t h e  following manner: 

Unadjusted PIT r a t i o  = 0.310 
0.310 

7 7  percent  of - 40 = 0.597 

23 percent  of 0.310 = 0.071 
0.668 = adjus ted  PIT r a t i o  

X2 = Weighted average s lope  = 5.5 percent  
X3 = Percent  of s o i l  p a r t i c l e s  coarser  than 1 mm - 1 percent  
X,, = S o i l  aggregat ion index = +43 (See s i z e  d i s t r i b u t i o n  graph 

+ ph va lue  a t tached)  
X5 = 50 percent  chance peak discharge = 168 csm 

Solving t h e  sediment y i e l d  p red ic t ion  equat ion using t h e  above va r i ab le s  
g ives  a computed va lue  of 0.48 a c r e  f e e t  per square mi l e  (assuming depos i t s  
have volume weight of 80 1bs.lcu. f t . ) .  The a c t u a l  annual sediment 
y i e ld  a s  measured i n  t h e  r e s e r v o i r  i s  0.65 a c r e  f e e t  per square mi l e  
f o r  t h e  period of record. The l a c k  of agreement between t h e  Flaxman 
method and t h e  f i e l d  da ta  i s  probably a t t r i b u t a b l e ,  i n  p a r t ,  t o  t h e  high 
percentage of runoff t h a t  occurs a s  snowmelt a t  Boco Mountain. The 
adjustment of t h e  PIT r a t i o  (XI) f o r  t h e  e f f ec t iveness  of snowmelt i n  
causing eros ion  probably needs f u r t h e r  study. 

A second t e s t  of t h e  Flaxman p red ic t ive  equat ion was made us ing  f i e l d  
d a t a  from t h e  Bel l  Canyon No. 4 watershed, near Glendora, Cal i forn ia .  
The Bel l  Canyon watersheds a r e  loca ted  i n  a rugged, deeply d i s sec t ed  
mountain mass with s t eep  s i d e  s lopes,  which a r e  under la in  by c r y s t a l l i n e  
rocks. The s o i l s  a r e  loamy sand wi th  an average depth of 45 cm. 



The f i v e  parameters (XI X2 X3, X k ,  and X5), described e a r l i e r ,  were 
determined. The r e s u l t s  of t h e  t e s t  a r e  summarized below: 

= Average Annual P r e c i p i t a t i o n  (inches) or p/T ratio 
Average Annual Temperature (OF) 

Average Annual P r e c i p i t a t i o n  = 24.6 inches 

Average Annual Temperature = 57.4'F 

XI  = PIT r a t i o  - 0.429 
Snowmelt is not  involved 

X2 = Weighted average s lope  = 65 percent  

X3 = Percent of s o i l  p a r t i c l e s  >Imm = 18 percent  

X4 = S o i l  Aggregation Index = 0 

Xg = 50 percent  chance peak d ischarge  = 314 csm 

Solving t h e  sediment y i e l d  p red ic t ion  equation, using t h e  above 
va r i ab le s  g ives  a computed va lue  of about 3.02 acre-feet  per square 
m i l e  (assuming depos i t s  have volume weight of 100 l b s  per  cu. f t . ) .  

The Bel l  Canyon Watershed i s  about 37 acres .  Sediment has been 
caught i n  a deb r i s  bas in  of about 1 acre-foot capaci ty  s i n c e  1933. 
The accumulation i n  39 years  has been 3189 cubic yards o r  about 82 cubic 
yards per year on t h e  average or  1420 cubic yards per square o r  0.88 
acre-feet  per square m i l e .  

However, a bas in  of t h e  s i z e  of Be l l  Canyon No. 4 i s  l i k e l y  t o  have 
a low t r a p  e f f i c i ency .  Four samples a r e  cornposited t o  provide t h e  s i z e  
d i s t r i b u t i o n .  The watershed s o i l  D 5 0  o r  s i z e  of which 50 percent  i s  f i n e r ,  
f o r  example, i s  about 0.25 mm. The sediment D50 i s  about 2.0 mm, i nd ica t ing  
t h a t  much of t h e  f i n e s  have been c a r r i e d  through t h e  basin.  

The a v a i l a b l e  t r a p  e f f i c i e n c y  curve, t h a t  of  Brune (1953) i n d i c a t e s  
that t h e  t r a p  e f f i c i e n c y  of Bel l  No. 4, runoff of about 160 acre- fee t  
per square mi l e  and debr i s  bas in  capaci ty  of about 1 acre-foot,  is only  
s l i g h t l y  over 30 percent  using t h e  median t r a p  e f f i c i e n c y  curve. When 
t h e  sediment y i e l d  i s  correc ted  f o r  t r a p  e f f i c i ency ,  t h e  agreement wi th  
t h e  Flaxman method is good. 

The t h i r d  t e s t  of t h e  Flaxman method w a s  made by Renard and Simanton 
(1972) i n  southeas tern  Arizona. The hydrologic and sediment records  of 
t h r e e  l i v e s t o c k  watering ponds on t h e  Walnut Gulch Experimental Watershed 
i n  southeas tern  Arizona a r e  used t o  supplement t h e  ma te r i a l  prepared by 
t h e  author .  The parameters XI (precipi tat ion-temperature r a t i o ) ,  X2 
(percent  land s lope ) ,  X3 (percent  s o i l  p a r t i c l e s  >I m), X4 ( s o i l  
aggregat ion) ,  and Xg (50 percent  chance peak discharge)  were determined 
using t h e  method described by t h e  author.  A summary of t hese  da ta  is 
presented i n  t h e  following tab le :  



Hydrologic and sediment records  of  Stock Pond 
watersheds near  Tombstone, Arizona 

Watershed Area Precip- Sediment y i e l d  
number i t a t i o n  X1 X2 X3 '4 '5 Actual predic ted  

(mi2) (inches) (AC-f t . / m i 2 /  y r )  a 
201 0.17 12.42 0.192 5.3 72 0 446 0.33 0 . 2 ~ '  

(0.44km2) ( 3 1 . 6 ~ ~ )  
214 0.58 11.30 0.179 8.6 52 0 292 0.31 0.30 

(1. 50km2) ( 2 8 . 7 4  
223 0.17 11.02 0.172 9.4 65 0 405 0.38 0.46 

(0. 44km2) ( 2 8 . 0 ~ ~ )  

a c-f t / m i 2  mu l t ip l i ed  by 4 . 7 6 ~ 1 0 - ~ = m ~ / m ~   assuming d e p o s i t s  have volume weight of 90 l b s .  per cu. f t .  

The agreement of t h e  method wi th  a c t u a l  d a t a  i s  encouraging. The w r i t e r s  
f e e l  t h a t  t h e  XI parameter modif icat ion a s  an index of vege ta t ive  
cover response f o r  a p a r t i c u l a r  c l ima te  might warrant a d d i t i o n a l  i nves t i -  
ga t ion .  It seems t h a t  more s p e c i f i c  guide l ines  of rangeland vege ta t ion  
cover a r e  needed. A co r rec t ion  applied t o  p l an t  dens i ty  depar tures  
from some mean va lue  f o r  a spec i f i ed  precipi tat ion-temperature r a t i o  
might b e  one approach. 

Table 5 shows sediment y i e l d  estimates f o r  t hese  watersheds us ing  t h e  
method developed by Renard and shown in Figure  1. This  method which 
was developed from da ta  f o r  l a r g e r  watersheds, appears t o  overest imate 
t h e  y i e l d  appreciably.  The method which produces syn the t i c  runoff 
da ta  and computes t h e  sediment i n  t r anspor t  f o r  each hydrograph, i s  
very s e n s i t i v e  t o  t h e  runoff est imate.  For example, a 50 percent  reduc- 
t i o n  i n  t h e  average water y i e l d  f o r  a 450-acre watershed wi th  t h i s  
computer model would r e s u l t  i n  a 63 percent  reduct ion i n  t h e  predic ted  
sediment y i e ld .  

The sediment y i e l d  reduct ion  wi th  increas ing  watershed dra inage  a r e a  
(Figure 1 )  i s  s i m i l a r  t o  t h e  t rend shown i n  F igure  2 f o r  t h e  Wyoming 
watersheds. This reduct ion  r e f l e c t s  both  t h e  sediment d e l i v e r y  r a t i o  
concept discussed subsequently, and t h e  reduct ion  in t h e  water a v a i l a b l e  
t o  t r anspor t  sediment due t o  t ransmission lo s ses .  



DRAINAGE AREA. IN SQUARE MILES 

Figure 2:Relation of mean annual sediment yield t o  dra5.n- 
age area for  99 small waterhseds i n  eastern Wvomine. 





The one parameter t h a t  i n t e g r a t e s  many of t h e  watershed v a r i a b l e s  is 
drainage area .  I n  a s tudy i n  t h e  Cheyenne River b a s i n  i n  e a s t e r n  
Wyoming, sediment y i e l d  was determined f o r  99 small  watersheds (Hadley 
and S c h m ,  1961). The d a t a  from t h i s  s tudy i n d i c a t e  a progressive 
reduct ion i n  sediment y i e l d  per u n i t  a rea  wi th  increas ing  a r e a  s i ze :  
l e s s  than 0.05 sq m i ,  .05-0.1 sq m i ,  0.1=0.5 s q  m i ,  0.5-1.0 sq m i ,  
and g rea t e r  than 1.0 s q  mi. The r e l a t i o n s h i p  between sediment y i e l d  
and drainage a rea  i s  shown in f i g u r e  2 .  These da ta  represent  a sediment 
delivery-gross e ros ion  r a t i o  inasmuch a s  t h e  po in t s  of measurement 
a r e  r e s e r v o i r s  t h a t  t r a p  v i r t u a l l y  a l l  of t h e  sediment eroded from t h e  
cont r ibut ing  watersheds. The decrease i n  sediment y i e l d  per  u n i t  a r e a  
can b e  a t t r i b u t e d  t o  t h e  dra inage  b a s i n  c h a r a c t e r i s t i c s  previous ly  
discussed.  

Many o the r  i n v e s t i g a t o r s  have developed s i m i l a r  curves f o r  sediment 
de l ive ry  r a t i o s  r e l a t e d  t o  drainage area .  Roehl (1963) analyzed t h e  
d a t a  from seve ra l  widely s c a t t e r e d  areas and produced a genera l  curve  
(see  f i g u r e  3) t h a t  shows a s i m i l a r i t y  i n  sediment de l ive ry  r a t i o s  
throughout t h e  United S t a t e s  t h a t  v a r i e s  a s  about t h e  0.2 power of 
t h e  drainage a rea .  A s  Renfro (1974) po in t s  ou t ,  however, t h e  use  of 
a sediment-delivery curve must be tempered wi th  experienced judgment 
of t h e  c h a r a c t e r i s t i c s  of t h e  drainage bas in  such a s  t h e  t e x t u r e  of 
s o i l s ,  drainage dens i ty ,  r e l i e f ,  and oppor tun i t i e s  f o r  depos i t ion  
wi th in  t h e  bas in  being s tudied .  

These s t u d i e s  emphasize t h e  inherent  problems involved i n  ex t r apo la t ion  
of sediment y i e l d  da ta ,  not  only i n  a downstream d i r e c t i o n  but  from 
one physiographic province t o  another .  There i s  a need f o r  reasonable 
es t imates  of sediment de l ive ry  r a t i o s  in m22y a r e a s  i n  order  t o  
determine sediment y i e l d s  from bas ins .  Considerat ion should be given 
t o  t h i s  type of a n a l y s i s  when a v a i l a b l e  da t a  a r e  l imi t ed .  

SUMMARY AND RECOMMENDATIONS 

The ob jec t ives  and goals  of t h e  t a s k  f o r c e  a t  t h e  o u t s e t  of t h i s  
i nves t iga t ion  were tempered by our  experience i n  e ros ion  and sedimenta- 
t i o n  s t u d i e s ,  which cover a wide range of bo th  experimental and 
watershed s t u d i e s .  However, t h e  scope of t h i s  r e p o r t  had t o  be  l imi t ed  
because many of t h e  complex quest ions regarding t h e  r e l a t i o n  of e ros ion  
a t  a source a r e a  and sediment y i e l d  a t  a downstream poin t  a r e  s t i l l  
unanswered. 

This  r e p o r t  has  met t h e  o b j e c t i v e  of evaluat ing and summarizing some 
of t h e  p e r t i n e n t  methods of es t imat ing  on-s i te  e ros ion  and downstream 
sediment y i e l d  based on da ta  requirements,  a p p l i c a b i l i t y  t o  f i e l d  
p ro jec t s ,  r e l i a b i l i t y  of method and p a r t i c u l a r  physical  s i t u a t i o n s .  
Considerable time w i l l  be  saved by f i e l d  i n v e s t i g a t o r s  d e s i r i n g  t o  
survey t h e  published l i t e r a t u r e  on methods of es t imat ing  eros ion  and 
sediment y i e l d  inasmuch a s  t h i s  r epor t  con ta ins  a l ist  of t h e  most 
p e r t i n e n t  re ferences .  



The wide v a r i e t y  of physiographic and c l ima t i c  v a r i a b i l i t y  encountered 
i n  t h e  western United S t a t e s  make i t  d i f f i c u l t  t o  es t imate  e ros ion  
and sediment y i e l d .  W i t h  such heterogeneous condi t ions ,  t h e  confidence 
bands on indiv idual  sedimentation es t imates  a r e  wide. A g r e a t  amount 
of research  is warranted i n  t h e  region t o  improve t h e  est imating procedures. 

Based on t h e  work of t h e  Task Force, i t  is very  d i f f i c u l t  t o  spec i fy  
preference f o r  one of t h e  s i x  methods f o r  es t imat ing  on-si te  erosion.  
Rather, t h e  choice of methods undoubtedly f a l l s  t o  t h e  experience of 
t h e  person faced wi th  making t h e  predic t ion .  The most d e s i r a b l e  
procedure undoubtedly is t o  use t h e  method developed f o r  condi t ions  
nea res t  t o  those  r equ i r ing  t h e  est imate.  

A s imi l a r  s i t u a t i o n  e x i s t s  concerning t h e  methods of p red ic t ing  
sediment y i e l d .  Here, however, t h e  Flaxman method, of t h e  six 
methods surveyed, o f f e r s  promise because it was developed from da ta  
encountered throughout t h e  western area .  It was a l s o  t e s t e d  aga ins t  
some watershed da ta  not  included i n  t h e  o r i g i n a l  development and observed 
t o  ag ree  q u i t e  c l o s e l y  wi th  some a c t u a l  da ta .  It, add i t iona l ly ,  has 
t h e  advantage of being s t ra ight forward  t o  use,  y e t  d e t a i l e d  enough 
t o  handle most an t i c ipa ted  v a r i a b l e s  observed t o  inf luence  sediment 
y i e ld  . 
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APPENDIX I 

Evaluation summaries f o r  on-si te  and 
sediment y i e l d  p red ic t ion  methods 



Methods f o r  es t imat inv  eros ion  

Bryan, Rorke B. ,  1968, The development, use, and e f f i c i e n c y  of indices  
of s o i l  e r o d i b i l i t y :  Geoderma, v .  2, no. 1, p. 5-26. 

Summary 

I n  t h i s  method s o i l  e r o d i b i l i t y  indices  were developed by comparison of 
a c t u a l  s o i l  l o s s  a s  determined by r a i n f a l l  s imulat ion t o  seve ra l  o ther  
methods. S o i l  samples from 36 p r o f i l e s  were used from a  v a r i e t y  of 
pedogenic environments. The r a i n f a l l  s imulat ion cons is ted  of t h ree  
30-minute r a i n f a l l  sequences, t h e  f i r s t  on a i r - d r y  s o i l ,  the second on 
s o i l  a t  f i e l d  capaci ty,  and the t h i r d  on sa tu ra t ed  s o i l .  The r a i n f a l l  
i n t e n s i t y  was 125 mm per hour, the  drop s i z e  ranged from 0.84 t o  3.98 mm, and 
the f a l l  he ight  was 1.66 m.  The labora tory  p l o t s  were inc l ined  a t  a  
s lope  of 20'. 

Corre la t ion  c o e f f i c i e n t s  were determined t o  def ine  s i g n i f i c a n t  d i f f e rences  
i n  pa t t e rns  between d i f f e r i n g  measures of s o i l  l o s s  and other  v a r i a b l e s .  
Percentage-weight of water -s tab le  aggregates  l e s s  than 0 .5  mm shows 
the  c l o s e s t  approach t o  a  universa l  index of e r o d i b i l i t y .  Tes ts  show 
t h a t  none of t e s t e d  indices  have universa l  app l i ca t ion  and i t  i s  
doubtful t h a t  such an index can be derived.  Because of the  prospect  
t h a t  i t  may be impossible t o  develop a  universa l  procedure, the author  
suggests  fu r the r  s tudy of an index of aggregate s t a b i l i t y  and d i s t r i b u t i o n .  



Methods f o r  es t imat ing  eros ion  

Fos ter ,  G. R. and L. D. Meyer, 1972, A closed form s o i l  e ros ion  equat ion 
f o r  upland areas :  Sedimentation Symposium i n  Honor of H. A. E ins te in ,  
Chap. XII. 

Summary 

Erosion i n  upland a r e a s  i s  decribed by a mathematical r e l a t i o n s h i p  
f o r  t h e  continuity-of-mass t r anspor t  and an equat ion r e l a t i n g  detach- 
ment of sediment by runoff and sediment load.  This i n t e r a c t i o n  
r e l a t i o n s h i p  i s  given a s  

where D = detachment r a t e  by flow; D = detachment capaci ty ;  
G = segiment load in t h e  flow; and ?CcC= t r anspor t  capac i ty  of t h e  
ffow. The detachment and t r anspor t  c a p a c i t i e s  a r e  assumed equal  t o  
t h e  312 power of t h e  flow shea r  s t r e s s .  Using t h e  Chezy uniform 
flow equation, t h e  closed-form eros ion  equat ion f o r  a uniform. s lope  
wi th  s teady condi t ions  is: 

-ax* G = X, - (1-8) ( 1  - e * ) /a 

where G* = sediment load r e l a t i v e  t o  t h e  t r a n s p o r t  capac i ty  a t  t h e  
s lope  end; X* - d i s t ance  from t h e  s lope  top; 8= r a i n f a l l  detachment 
parameter; and = = runoff detachment parameter. With t h e  i n t e r a c t i o n  
equation, depos i t ion  p red ic t ion  where t h e  s lope  f l a t t e n s  and t h e  
f low l e s e s  i t s  t r anspor t  capac i ty  is poss ib l e  without using a gradual ly  
var ied  flow ana lys i s .  

A closed-form eros ion  equat ion was derived us ing  b a s i c  hydraul ic ,  
sediment t r anspor t ,  and eros ion  processes p r i n c i p l e s .  The equation 
c h a r a c t e r i s t i c s  were compared wi th  f i e l d  d a t a  of erosion.  

Although t h e  method has sound t h e o r e t i c a l  development, it needs 
f u r t h e r  t e s t i n g  beyond t h e  a r e a  f o r  which it was developed. The 
paper p re sen t s  schemes f o r  quant i fy ing  each term of t h e  con t inu i ty  
equation. For known s o i l ,  p r e c i p i t a t i o n  and topographic c h a r a c t e r i s t i c s ,  
t h e  depos i t ion  (erosion)  p a t t e r n  along a s lope  can be predic ted  
us ing  t h i s  t h e o r e t i c a l  method. 



Methods f o r  e s t i m a t i n g  e r o s i o n  

Meeuwig, Richard  O . ,  1971, S o i l  s t a b i l i t y  on h igh  e l e v a t i o n  range land  
i n  t h e  in te rmounta in  a r e a :  U.S. Dept. of  A g r i c u l t u r e ,  F o r e s t  
S e r v i c e ,  Research Paper  INT-94, May 1971, 1 0  p . ,  4  f i g u r e s .  

Summary 

A method is  developed f o r  r e l a t i n g  e r o s i o n  from s m a l l  p l o t s  t o  s i t e  
f a c t o r s  of c o v e r ,  s l o p e ,  s o i l  t e x t u r e ,  and o r g a n i c  m a t t e r  c o n t e n t .  
Measurements were  t aken  of  t h e  amount of s o i l  e roded  from 460 s m a l l  
p l o t s  (20 i n .  x  30.5  i n . )  i n  seven  s t u d y  a r e a s  i n  Utah,  Idaho ,  and Montana 
and a t  a l t i t u d e s  from abou t  5,000 f e e t  t o  10,000 f e e t .  

The e r o s i o n  was produced under t h e  impact of a  f i x e d  amount of 
s i m u l a t e d  r a i n f a l l .  A r a i n f a l l  s i m u l a t o r  was used t o  a p p l y  2 . 5  i n c h e s  
of  wa te r  t o  t h e s e  p l o t s  a t  a  c o n s t a n t  i n t e n s i t y  of 5 i n c h e s  p e r  hour  
f o r  30 minutes .  

A f t e r  s c r e e n i n g  of t h e  combined d a t a  from t h e  seven s t u d y  a r e a s ,  a  
. p r e d i c t i v e  e q u a t i o n  was developed u s i n g  s o i l ,  c o v e r ,  s l o p e ,  and o r g a n i c  
m a t t e r  c o n t e n t  pa ramete r s  i n  a  computer ized r e g r e s s i o n  a n a l y s i s .  These were:  

A--Propor t ion of  s o i l  s u r f a c e  covered by p l a n t s  and l i t t e r  
L--Air-dry we igh t  of l i t t e r  i n  pounds/milacre  
G--Slope g r a d i e n t  of p l o t  i n  p e r c e n t  
C--Proportion of  t h e  s u r f a c e  inch  of s o i l  composed of  c l a y  
D--Proportion of t h e  s u r f a c e  i n c h  of s o i l  composed of  sand 
M--Proportion of t h e  s u r f a c e  i n c h  of s o i l  composed of  o r g a n i c  

m a t t e r  

The fo l lowing  e q u a t i o n  r e s u l t e d :  

The e q u a t i o n  e x p l a i n s  74 p e r c e n t  of t h e  v a r i a n c e  of t h e  l o g  of 
e r o s i o n .  The r e l a t i o n  between e r o s i o n  and cover  i s  s t r o n g l y  i n f l u e n c e d  
by s l o p e  g r a d i e n t .  Regress ion  a n a l y s i s  i n d i c a t e s  t h a t  e r o s i o n  i s  abou t  
t h e  same on a  5 p e r c e n t  s l o p e  w i t h  40 p e r c e n t  cover  a s  i t  is  on a  
35 p e r c e n t  s l o p e  w i t h  80 p e r c e n t  c o v e r .  Organic m a t t e r  i s  t h e  most 
i m p o r t a n t  s o i l  pa ramete r  a f f e c t i n g  e r o d i b i l i t y ,  b u t  t h e  d i r e c t i o n  and 
magnitude of i t s  e f f e c t s  depend on s o i l  t e x t u r e .  Organic m a t t e r  d e c r e a s e s  
e r o s i o n  of c l a y  s o i l s  b u t  t ends  t o  i n c r e a s e  e r o s i o n  of sandy s o i l s .  The 
a u t h o r  c a u t i o n s  t h a t  t h e  e m p i r i c a l  e q u a t i o n  shou ld  n o t  be a p p l i e d  
i n d i s c r i m i n a t e l y  because  i t  is  d e r i v e d  from e r o s i o n  measurements caused 
by f i x e d  amounts of  s i m u l a t e d  r a i n f a l l  on s m a l l  p l o t s .  This  e q u a t i o n ,  
however, p r o v i d e s  some i n d i c a t i o n s  of t h e  combined e f f e c t s  of c o v e r ,  
s l o p e ,  and b a s i c  s o i l  p r o p e r t i e s  on s o i l  s t a b i l i t y .  



Methods f o r  est imating eros ion  

Meyer, L. D. ,  and Wischmeier, W. H., 1966, Mathematical s imulat ion of 
t h e  process of s o i l  e ros ion  by water: Trans. Am. Soc. Agr. 
Eng., v .  12, no. 6, p. 754-758. 

The framework f o r  a mathematical model t o  desc r ibe  t h e  process of 
s o i l  e ros ion  by water was developed. The approach (a) s o i l  detachment 
by r a i n f a l l ,  (b) t r anspor t  by r a i n f a l l ,  (c) detachment by runof f ,  and 
(d) t r anspor t  by runoff a s  s epa ra t e  but  i n t e r r e l a t e d  p a r t s  of t h e  s o i l  
e ros ion  process.  Mathematical r e l a t i o n s h i p s  t o  descr ibe  t h e  dynamics 
of these  subprocesses were introduced i n t o  t h e  bas i c  model, and t h e  
r e s u l t i n g  masses of s o i l  (erosion)  and water (runoff)  were routed 
along successive increments of s lope.  

The equat ions f o r  t h e  var ious  components of t h e  model a r e :  
(1) Dr ( s o i l  detachment by r a i n f a l l  = S A I ~  where A = area ,  I = i n t e n s i t y  

(30 minutes),  and SDR = s o i l  parame?& 
(2) D f .  (detachment by runoff )  = S F ~ ' 1 / 2 ( ~ s  

S i s  t h e  s lope ,  Q is t h e  disc!?arge r a t e  S and E 
r e f e r  t o  s t a r t  :,nd end of a s lope  increment. SDF.is t h e  s o i l s  
s u s c e p t i b i l i t y  t o  detachment by runoff a s  a func t lon  of i t s  p rope r t i e s .  

(3) T ( t r anspor t  capac i ty  of ra infa l l )=STRSI  where S i s  t h e  s o i l  
eFfect .  6 ,  K O  TR 

(4) TF ( t r anspor t  capac i ty  of runoff)=S s " ' ~ Q < ' ~  where STF !s t h e  s o i l  
TF term accounting f o r  t h e  e f f e c t  of p a r t i c l e  s i z e  and dens l ty .  

The sediment load c a r r i e d  from each s lope  increment was t h e  l e s s e r  
of :  (a) t h e  sediment load from t h e  previous increment p lus  t h e  detach- 
ment on t h a t  increment or  (b) t h e  t r anspor t a t ion  capaci ty  from t h a t  
increment. Net e ros ion  o r  sedimentation f o r  an increment was t h e  
d i f f e r e n c e  between t h e  sediment load en te r ing  o r  leaving  it. 



Methods For Estimating Erosion 

Musgrave, G. W., 1947, The Quantitative Evaluation of Factors in Water 
Erosion . . . A First Approximation.Journa1 of Soil and Water 
Conservation, 1947, vol. 2, p. 133-138. 

Summary 

An equation is developed relating measurements of erosion from plots 
to site factors including a soil factor, degree of slope, length of slope, 
vegetative cover, and precipitation intensity. The measurements were 
obtained from 20 soil erosion experiment stations located in various parts 
of the U.S. The plots had a down-slope length of 72.6 feet and were 6 feet 
wide. 

The erosion resulted from natural rainfall over a period of time 
ranging from 5 to 15 years. Eroded material was trapped at the lower end 
of the plots for measurement of soil loss. Site characteristics, that is 
slope, cover, etc., were adjusted, by trial and error, to determine varying 
influences of observed and computed values. 

Comparison was made to determine the appropriate variables and their 
coefficients. The variables are: 

E--Sheet erosion, tons per acre per year. 
F--Soil factor, basic erosion rate in tons per acre per year for 

each soil series or unit. 
R--Cover -factor. 
S--Degree of slope - ft1100 ft. 
L--Length of slope - feet. 
P--Precipitation - maximum 30-minute, 2-year frequency rainfall 

in inches. 

The following equation resulted: 

The equation has had wide application in the computation of average 
annual sheet erosion. In more recent years modifications in the equation 
have been made by substituting the "K" factor and the "R" factor in the 
Universal Soil Loss Equation as presented by Wischmeier and Smith. 



Methods f o r  e s t i m a t i n g  e r o s i o n  

Wischmeier, W .  H . ,  and D.  D .  Smith, P r e d i c t i n g  r a i n f a l l - e r o s i o n  l o s s e s  
from c r o p l a n d  e a s t  of t h e  Rocky Mountains:  A g r i c u l t u r a l  Handbook 
No. 282 ,  A g r i c u l t u r a l  Research S e r v i c e ,  U.S. Department of 
A g r i c u l t u r e ,  Washington, D. C . ,  1965. 

S o i l  Conserva t ion  S e r v i c e ,  USDA Procedure  f o r  computing s h e e t  and r i l l  
e r o s i o n  on p r o j e c t  a r e a s :  SCS T e c h n i c a l  Re lease  No. 51 (Geology), 
Washington, D .  C . ,  1972.  

Summary 

Th i s  method i s  one of t h e  most wide ly  a c c e p t e d  and proven ways t o  
e sc lmate  h i l l s l o p e  e r o s i o n .  The method which was developed from 
p l o t  r e c o r d s  w i t h  many s o i l  and v e g e t a t i o n  combinat ions  i s  p r e s e n t l y  
be ing  adap ted  t o  c o n d i t i o n s  encoun te red  i n  w e s t e r n  p o r t i o n s  of  t h e  
Uni ted  S t a t e s .  The g e n e r a l  form of t h e  p r e d i c t i o n  e q u a t i o n  i s  

A = RKLSCP 

when A = t h e  computed s o i l  l o s s ,  R = t h e  r a i n f a l l  f a c t o r ,  K = a  s o i l -  
e r o d i b i l i t y  f a c t o r ,  L = a  s l o p e - l e n g t h  f a c t o r ,  S  = a  s l o p e - g r a d i e n t  
f a c t o r ,  C = a  cropping-management f a c t o r ,  and P  = an e r o s i o n - c o n t r o l  
p r a c t i c e  f a c t o r .  

T a b l e s ,  f i g u r e s  and nomographs a r e  p r e s e n t e d  i n  t h e  o r i g i n a l  paper  
and  t h e  c i t e d  subsequen t  r e f e r e n c e s  which e n a b l e  a s s i g n i n g  v a l u e s  t o  
each  term i n  t h e  e q u a t i o n  f o r  most c o n d i t i o n s  encoun te red .  Although 
t h e  r e l a t i o n s h i p  h a s  been used f o r  p r e d i c t i n g  s l o p e  e r o s i o n  from 
i n d i v i d u a l  s to rms ,  i t  i s  g e n e r a l l y  i n t e n d e d  f o r  e s t i m a t i n g  t h e  annual 
s o i l  l o s s .  P r o v i s i o n s  a r e  made i n  t h e  handbook t o  v a r y  t h e  r a i n f a l l  
f a c t o r  and t h e  crop management f a c t o r  throughout  t h e  y e a r  t o  accoun t  
f o r  v a r y i n g  p r e c i p i t a t i o n  p a t t e r n s  and c rop  growth s t a g e s .  

Because of i t s  wide use  and t e s t i n g ,  i t  s h o u l d  p r o v i d e  s a t i s f a c t o r y  
e r o s i o n  e s t i m a t e s  f o r  most d e s i g n  a p p l i c a t i o n s  excep t  f o r  f r o z e n  
ground c o n d i t i o n s  o r  f o r  e x c e s s i v e l y  s t e e p  s l o p e s .  



Prediction of Sediment Yields Without Prior Erosion 
Determinations 

Anderson, H. W., 1954, Suspended sediment discharges as related to streamflow, 
topography, soil and land use: Trans. Amer. Geophysical Union vol. 35, 
No. 2, April 1, 1954, p. 268-281. 

Summary 

A method is developed of studying the responses of suspended sediment 
load discharge to watershed variables. These responses were used to estimate 
the contribution to sediment discharge of the individual parts of a watershed 
with different values of the variables. The area of study wa's the mountain 
and valley watersheds of western Oregon, from the California border to the 
Columbia River. The suspended sediment load records of from on* to three 
years were available from 29 streams. 

The study included the calculation of average annual suspended sediment 
discharge, relating this dependent variable by multiple regression analysis 
to watershed characteristics that would enable an estimation of the erosion 
potential. This included a prediction of how much actual erosion would differ 
from the erosion potential with deviations of land use from average. 

The following watershed variables were among those used in six equations 
that were developed. Two of these equations were used to graphically demon- 
strate the comparison between observed and computed suspended sediment load 
discharge. 

ss--Average annual suspended sediment load, tens of tons/sq.mi.yr. 
SS--Average annual suspended sediment load, thousands of tons/yr. 
SSf-Average annual suspended sediment load from forest lands, 

thousands of tonslyr. 
A--Area of watershed, sq.mi. 

FQp--Discharge peakedness 
MAq--Mean annual runoff , cf s/sq.mi. 

S--Slope of streams of 1 mile mesh, length ft/mi. 
SC--Silt and clay, fraction(0.05 mm. 
S/A--Surface aggregation ratio cm2/gm pct. 
BC--Portion of watershed in row crops and small grain, pct. 
OC--Other cultivation, pct. 
R--Roads - portion of watershed area in roads. 
RC--Portion of watershed cutover in last 10 years, pct. 
C--Area of watershed in bare ground and cultivation sq.mi. 
Eb--Length of main channel eroding bank, ft. 



The two multiple regression equations with logarithms being to the 
base 10 are: 

log ss = - 3.721 + 0.116 log A + 1.673 log FQp + 1.244 log MAq 
+ 0.401 log S + 0.0486 SC + 0.482 S/A + 0.0280 BC 
- 0.0036 OC + 0.942 R + 0.0086 RC 

and SS-SS~ = - 1.639 + 0.240 C + 0.00514 EB 
A comparison of observed and computed suspended sediment load discharge 

(Figures 13 and 14 in the paper) indicate that a satisfactory separation of 
the high from the low sediment producing watersheds can be made using the 
equations. In addition, the regression coefficients of the individual 
variables measure the importance of the various sources of suspended sediment 
Gsharge. A map is included which shows the erosion potential for land 
areas in western Oregon defined as the average annual sediment yield in 
tons per square mile under 1950 watershed conditions. 



Pred ic t ion  of sediment y i e l d s  without 
p r i o r  e ros ion  determinat ions 

Branson, F. A. and Owen, J. R., 1970, P lan t  cover,  runoff ,  and 
sediment y i e ld  r e l a t i o n s h i p s  on Mancos Shale i n  Western 
Colorado: Water Resources Research, v. 16, no. 3, p. 783-790. 

Relat ionships between geomorphic v a r i a b l e s ,  watershed cover,  and 
hydrologic measurements were inves t iga ted  f o r  17 watersheds near  
Grand Junction, Colorado. S ix  yea r s  of vege ta t ion  measurements, four  
vegeta t ion  measurement methods, and 15  yea r s  of hydrologic records  
were used i n  t h e  analyses.  

Step-wise mul t ip l e  regress ion  a n a l y s i s  was used t o  develop t h e  regress ion  
equat ion f o r  sediment y i e l d  which is: 

A 
Y = 40.87X1+0.03X2-1.27 

A 
where Y i s  t h e  estimated average annual sediment y i e l d  i n  a c r e  f e e t  
per square mile ,  XI i s  t h e  r e l i e f  r a t i o ;  and X2 is t h e  percent  ba re  
s o i l  i n  t h e  watershed. The m u l t i p l e  c o r r e l a t i o n  c o e f f i c i e n t  i s  0.86, 
which is s i g n i f i c a n t  a t  t h e  1 percent  l e v e l  of p robab i l i t y .  

Geomorphic v a r i a b l e s  considered i n  t h e  a n a l y s i s  included r e l i e f  
r a t i o ,  ang le  of stream channel junct ion,  mean slope,  drainage dens i ty ,  
and watershed shape. Rel ie f  r a t i o  had t h e  h ighes t  simple c o r r e l a t i o n  
c o e f f i c i e n t  wi th  sediment y i e l d  (0.78, p<.01). The o t h e r  geomorphic 
v a r i a b l e s  w e r e  e i t h e r  co r re l a t ed  w i t h  r e l i e f  r a t i o  o r  d id  n o t  improve 
t h e  r e l i e f  ratio-sediment y i e l d  r e l a t i o n s h i p .  

The percentage of bare  s o i l  was shown t o  be a good expression of 
watershed cover t h a t  r e l a t e s  t o  hydrologic measurements on a r i d  
lands. Although i t  was not  h ighly  co r re l a t ed  wi th  sediment y i e l d  
by i t s e l f ,  i t  s i g n i f i c a n t l y  improved t h e  sediment y i e l d  es t imate  
r eg res s ion  equation. 



Prediction of sedimcnt y i e lds  without 
p r i o r  erosion dcterminat ions 

Flaxman, E. M., 1972, P red ic t ing  sediment y i e l d  i n  Western United 
S ta t e s :  Journa l  Hydraulics Division, Proceedings American Society 
of C i v i l  Engineers, v. 98, no. HY12, Dec. 1972, p. 2073-2085 
(Revised March 1974) 

Summary 

A method i s  developed f o r  r e l a t i n g  sediment y i e l d  a s  measured i n  small  
ponds and r e s e r v o i r s  t o  watershed c h a r a c t e r i s t i c s  i d e n t i f i e d  by f i v e  
va r i ab le s .  Data from 27 watersheds i n  10 western s t a t e s  were used i n  
a mul t ip l e  regress ion  ana lys i s .  The watersheds vary i n  s i z e  from 12 
ac res  t o  54 square mi les  and t h e  cover c o n s i s t s  of e i t h e r  f o r e s t ,  
brush, g ra s s  o r  d e s e r t  pavement of rock fragments. 

Evaluation of a number of watershed c h a r a c t e r i s t i c s  r e s u l t e d  i n  t h e  
s t a t i s t i c a l  determinat ion t h a t  f a c t o r s  expressing cover dens i ty  by 
e i t h e r  vegeta t ion  o r  d e s e r t  pavement, s lope ,  an index of s o i l  e r o d i b i l i t y ,  
and runoff i n t e n s i t y  would expla in  most of t h e  var iance  i n  sediment 
y i e lds .  These v a r i a b l e s  a r e :  

Y --Average annual sediment y i e ld ,  tons  per sq. m i .  
XI--The r a t i o  of average annual p r e c i p i t a t i o n  i n  inches 

t o  average annual temperature, Farenhei t  
X2--Watershed s lope ,  percent  
X3--Soil p a r t i c l e s ,  percent  >1.0 mm 
Xq-Soil aggregat ion o r  d ispers ion ,  percent  <0.002 mm 
X5--50 percent  chance peak discharge csm 

The following equat ion resu l ted :  
l og  (YflOO) = 524.37231 - 270.65625 log  (X1+lOO) 

+6.41730 log  (x2+10O) - 1.70177 l o g  (X3+100) + 4.03317 
log  (Xq+lOO) + 0.99248 log  (X5+100) 

The logs  a r e  t o  t h e  base  10.  

The equat ion expla ins  about 91 percent  of t h e  var iance  i n  average 
annual sediment y i e ld .  The choice of t h e  v a r i a b l e s  was based on a 
conceptual model which included expressions f o r  t h e  following charac- 
t e r i s t i c s :  a vege ta t ive  cover f a c t o r  which i s  expressed by t h e  
precipi tat ion-temperature r a t i o .  The numerical va lue  of t h i s  r a t i o  
i s  adjus ted  i f  vege ta t ive  cover i n  t h e  watershed is l e s s  than t h a t  
t o  be expected by a n a t u r a l  response t o  c l imate  o r  because an apprec iable  
amount of runoff is from snowmelt, deemed l e s s  e ros ive  than  r a i n f a l l  
runoff .  Mean weighted s lope  (X2) i s  a s t rong v a r i a b l e  ind ica t ing  
t h a t  e ros ion  inc reases  a s  s lopes  increase ,  assuming o t h e r  f a c t o r s  
a r e  cons tant .  Var iab le  X3 expresses t h e  e f f e c t  t h a t  d e s e r t  pavement 
o r  rock fragments i n  t h e  s o i l  p r o f i l e  have a s  a cover f a c t o r .  I n  
t h e  v a r i a b l e  ind ica t ing  t h e  e f f e c t  of aggregat ion o r  d i spe r s ion  on 
s o i l  e r o d i b i l i t y  (XQ) t h e  percent  l e s s  than 0.002 mm i s  subt rac ted  
from t h e  cons tant  100 i f  t h e  s o i l  pH i s  ac id ,  t h e  percentage is added 
t o  100 if t h e  pH i s  a l k a l i n e .  The 50 percent  chance peak discharge 



i n  csm (X5),  t he  v a r i a b l e  most highly corre la ted  with sediment y i e ld ,  
is determined by t h e  procedure i n  Section 4 ,  Hydrology, S o i l  Conser- 
va t ion  Service National Engineering Handbook. 



Prediction of Sediment Yields Without Prior 
Erosion Determinations 

Negev, Moshe, 1967, A Sediment Model on a Digital Computer: Dept. of Civil 
Engin., Stanford Univ. Tech. Report No. 76, March 1967, 109 p., 7 figures. 

Summary 

A method is presented for the simulation of suspended sediment load 
records from rainfall and total flow data, and from the simulated overland 
flow produced by the Stanford Watershed Model. Simulation of the suspended 
sediment load is achieved by modeling the sediment yield and transport pro- 
cesses on a digital computer. The model distinguishes between two main sources 
of sediment: the land surface when rainfall and overland flow play the major 
role in sediment yield, and the stream system where the total flow is the 
most significant parameter. 

Suspended sediment yield and runoff measurements used in development of 
the model were those from the Napa and San Antonio Rivers in Napa and Monterey 
Counties, California. Data on rainfall in the form of hourly amounts are 
required as a part of the data input. The minimum conditions for the fulfill- 
ment of this requirement were stated to be the continuous hourly rainfall 
data for a single gage and continuous daily rainfall for a second gage. 

The following watershed measurements were selected on the basis of 
theoretical and supporting experimental evidence. The functions used were 
obtained by trial and error. 

A. Soil characteristics 
1. Hourly quantity of soil splash, tons 
2. Daily soil splash storage, tons. 
3. Hourly quantity soil splash pickup, tons. 
4. Hourly quantity from rills and gullies, tons. 
5. Fraction of impervious area in watershed. 

B. Runoff 
1. Overland flow, mean hourly, inches. 
2. Total flow, mean daily, cfs. 

C. Sediment 
1. Wash Load. 
2. Interload. 
3. Bed material load. 
4. Grain size. 

An accurate reproduction of the recorded suspended eediment load in the 
two watersheds was obtained with the model using the same functions for both, 
but with differing coefficients. The author recommends that further testing 
of the model be done in regions of different climatic and soil conditions in 
order to verify its general applicability. 



Pred ic t ion  of sediment y i e l d s  without 
p r i o r  e ros ion  determinat ions 

Renard, K. G., 1972, Dynamic s t r u c t u r e  of ephemeral streams. Ph. D. 
d i s s e r t . ,  Dept. C i v i l  Eng. and Eng. Mech., Univ. Arizona, Tucson, 
Arizona. 

Renard, K. G. ,  1972, Sediment problems i n  t h e  a r i d  and semiarid 
southwest: S o i l  Conserv. Soc. h e r .  Proc. 27th ann. meeting, 
Aug. 6-9, Port land,  Oregon, p. 225-232. 

Summary 

A method is presented which p r e d i c t s  sediment y i e l d  f o r  a watershed 
varying from seve ra l  t e n s  of a c r e s  t o  one over 60-square-miles, 
given t h a t  a runoff model i s  a v a i l a b l e  t o  produce syn the t i c  (o r  
a c t u a l )  d a t a  f o r  each storm (peak flow and runoff volume). The annual 
t o t a l s  a r e  then obtained by s m i n g  t h e  va lues  f o r  each storm i n  a 
year .  The sediment por t ion  of t h e  model uses  t h e  Manning equat ion wi th  
t h e  Laursen t r a n s p o r t  r e l a t ionsh ip .  

The method which was developed i n  Southeastern Arizona, should be 
un ive r sa l ly  app l i cab le  when a runoff model i s  a v a i l a b l e  o r  when 
hydrographs a r e  a v a i l a b l e  from a c t u a l  measurements. For t h e  work 
repor ted ,  a s t o c h a s t i c  runoff generat ing model was used which r e l a t e s  
t h e  model parameters t o  t h e  s i z e  of t h e  watersheds involved. 

To use t h e  method, channel c r o s s  s e c t i o n  and s lope  da ta  a r e  r equ i red ,  
along wi th  an es t imate  of Manning's roughness. Concentrations 
of sediment are r e l a t e d  t o  t h e  c h a r a c t e r i s t i c s  of t h e  bed ma te r i a l ,  
i . e . ,  percentages of ma te r i a l  i n  va r ious  s i z e s .  The Laursen r e l a t i o n -  
sh ip ,  which is based on l abora to ry  and f i e l d  d a t a ,  p r e d i c t s  suspended 
load, bed load,  o r  t o t a l  load.  

The form of t h e  p red ic t ion  equat ion is: 

where Q = sediment y i e l d  
cqS = sediment d ischarge  r a t e  per  u n i t  width 

S - water d ischarge  r a t e  pe r  u n i t  width 
stream width 

T = time f o r  each flow event 
j = flow events  per season - 
c = sediment concent ra t ion  
p = bed ma te r i a l  f r a c t i o n  of s i z e  d 

i W 



d = sediment s i z e  
y = depth of flow 

= 
0 

boundary shear  s t r e s s  assoc ia ted  wi th  sediment diameter 
-c = t r a c t i v e  f o r c e  a t  t h e  streambed 

0 
T, = c r i t i c a l  t r a c t i v e  f o r c e  f o r  beginning of sediment movement 

= dens i ty  of water 
w = f a l l  v e l o c i t y  of sediment 

For wider app l i ca t ions ,  t h e  method needs t o  be t e s t ed  wi th  da ta  from 
o the r  c l i m a t i c  and physiographic a reas .  The method i s  phys ica l ly  
based and should have wide app l i ca t ion .  



Pred ic t ion  of sediment y i e l d s  without 
p r i o r  e ros ion  determinat ions 

T a t m ,  Fred E., 1963, A new method of es t imat ing  debris-s torage 
requirements f o r  d e b r i s  basins:  Fed. Inter-Agency Sedimentation 
Conf. Proc., 1963, U.S. Dept. Agr. Misc. Pub. no. 970, Agri. 
Research Service, p. 886-897. 

Summary 

The method computes t h e  d e b r i s  production f o r  a r e a s  f o r  which d e b r i s  
bas ins  a r e  t o  be  b u i l t .  The method, based on observed da ta ,  p r e d i c t s  
r e s u l t s  from f loods  t h a t  occurred when t h e  ground was conditioned f o r  
runoff by p r i o r  r a i n  and from a r e a s  t h a t  have been p a r t i a l l y  burned 
one t o  more than t e n  years  p r i o r  t o  t h e  f lood.  Observed d e b r i s  amounts 
were ad jus ted  t o  a common base  and curves developed by t r i a l  and e r r o r  
t o  represent  s epa ra t e  adjustments  f o r  t h e  major f a c t o r s  a f f e c t i n g  
debr i s  production. The genera l  p red ic t ion  equat ion f o r  ad jus t ing  t h e  
da ta  t o  a common base  i s  

where X = t h e  observed d e b r i s  production, XI0 = d e b r i s  production 
10  o r  m 8 r e  yea r s  a f t e r  a burn, X = d e b r i s  production f o r  "v" year  
(between 1 and 10)  a f t e r  100 perzent  burn, An = por t ion  of drainage not  
burned, and % = por t ion  of t h e  drainage burned. 

Thus, t h e  d e b r i s  p o t e n t i a l  f o r  a n  a r e a  i s  taken a s  t h e  product of t h e  
u l t ima te  debr i s -po ten t i a l  index and t h e  percentage va lues  f o r  each 
of four  f a c t o r s  r e p r e s e n t a t i v e  of t h e  a rea .  The f a c t o r s  a r e  s lope ,  
drainage dens i ty ,  hypsometric-analysis index and 3-hour r a i n f a l l ,  each 
of which i f  not  t h e  u l t ima te  f o r  t h e  a rea ,  reduce t h e  p o t e n t i a l  index 
by a percentage represent ing  t h e  d i f f e r e n c e  between t h e  u l t ima te  and 
a c t u a l .  Curves a r e  presented i n  t h e  paper f o r  ob ta in ing  t h e  va lues  of 
t h e  four  parameters p lus  t h e  u l t i m a t e  d e b r i s  product ion index which 
is r e l a t e d  t o  t h e  s i z e  of t h e  drainage a r e a .  

The method which i s  based on storms experienced i n  t h e  P a c i f i c  Ocean 
s lopes  of Southern Ca l i fo rn ia  may have a p p l i c a t i o n s  elsewhere 
but  t h e  method has  not  been widely t e s t e d .  I n  add i t ion ,  i ts  use i n  
t h e  s t eep  mountain s lopes  along t h e  c o a s t a l  range may be q u i t e  d i f f e r e n t  
f o r  storm p red ic t ion  i n  o t h e r  c l i m a t i c  provinces. 
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