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A negative exponential equation containing three parameters was derived 
to describe time trends in surface erosion on severely disturbed soils. Data 
from four different studies of surface erosion on roads constructed from the 
granitic materials found in the Idaho Batholith were used to develop equation 
parameters. Rainfall-intensity data were used to illustrate that variations 
in erosion forces, a s  indexed by rainfall kinetic energy times the maximum 
30-minute rainfall intensity (the erodibility index), were not the cause of the 
time trend in surface erosion. In addition, although vegetation growth can be 
an important factor in reducing accelerated erosion, it did not cause the rapid 
erosion decreases found in the cases studied. The evidence suggests that 
surface "armoring" was the dominant factor causing the time trends in sur- 
face erosion. The significance of time trends in surface erosion i s  discussed. 



INTRODUCTION 

Surface eros ion  can be defined a s  movement of indiv idual  s o i l  p a r t i c l e s  along t h e  
s o i l  sur face ,  i n  con t r a s t  t o  mass e ros ion ,  t h e  movement en masse o f  numeraus part icles .  
The subjec t  o f  t h i s  paper, su r f ace  erosion,  can be expressed as  

where E = su r face  eros ion  r a t e ;  h = inherent  s o i l  erosion hazard and includes such 
f ac to r s  as s o i l  d e t a c h a b i l i t y  and slope gradient ;  p 3 pro tec t ion  afforded t h e  soil 
su r face  by vegeta t ion  and l i t t e r ;  and f = force  applied by ~ a i n d r s p s ,  overland flaw, e tc .  

Under a  r e l a t i v e l y  s t a b l e  f a r e s t  ecosystem, erosion hazards tend t o  be minimized 
and p ro tec t ion  afforded t h e  s o i l  sur face  tends t o  be maximized. Erosion fo rces  vary 
but ,  over time, y i e l d  some average (o r  o the r  appropr ia te  measure of c e n t r a l  tendency) 
value f o r  sur face  eros ion ,  which va r i e s  with indiv idual  s i t e  condi t ions ,  This  average 
erosion r a t e  ( s , )  has been termed t h e  "normlf f o r  t h e  s i t e  i n  quest ion (B;liley 1941). 

Severe s o i l  dis turbance d i s rup t s  t he  ecologica l  balance,  thereby increas ing  h and 
decreasing p .  Consequently, sur face  erosion r a t e s  a re  acce l e ra t ed ,  of ten  t o  alarming 
 proportion^ (Anderson 1954; Reinhart and o thers  1963; Packer 1967; Copeland and Packer 
1972) , Over t ime,  a  new ecologica l  balance is e s t ab l i shed  on t h e  d is turbed  s i t e  t h a t  
leads t o  a new erosion norm, which may d i f f e r  from t h e  o r i g i n a l  because o f  permanent 
changes i n  s i t e  f a c t o r s .  Thus, on a severe ly  d is turbed  s i t e ,  t h e  t o t a l  erosion r a t e  a t  
any time ( E ~ )  i s  comprised of two components, t h e  n a t u r a l  n o n  f o r  t h e  site (E,) p lus  
t h e  acce lera ted  erosion due t o  disturbance ( E ~ ) .  Therefore,  



Considering t h e  acce l e ra t ed  erosion component ( E ~ ) ,  a  body of d is turbed  s o i l ,  (S) 
can be assumed, where d is turbance  has been severe enough t o  completely d i s r u p t  t he  
o r i g i n a l  s o i l  c h a r a c t e r i s t i c s .  Such s o i l  is a  polydispersed mixture with subso i l  
and bedrock fragments well  graded throughout, with no remnants of t h e  o r i g i n a l  s o i l  
horizons o r  s t r u c t u r a l  development, and with no sur face  vegeta t ion  o r  l i t t e r .  Such 
d is turbances  have numerous causes such as  road cons t ruc t  i on ,  mining, logging, and 
l ands l ides .  

Relat ion 1 above reduces t o  

i f  it i s  assumed t h a t  f i s  cons tant  and p i s  zero ( i . e . ,  t h e r e  i s  no p ro t ec t ion  ava i l -  
ab l e  from vegeta t ion ,  l i t t e r ,  mulches, e t c . )  . Under such condi t ions ,  i t  i s  l og ica l  t o  
assume t h a t  t he  oppor tuni ty  f o r  e ros ion  i s  maximum immediately a f t e r  d is turbance  and 
decreases with time. In o t h e r  words, t h e  e ros ion  hazard decreases with time a f t e r  d i s -  
turbance.  A number of causa l  f a c t o r s  might e x i s t .  For example, i n  a  polydispersed 
mixture, t h e  more e a s i l y  detached and t ranspor ted  p a r t i c l e s  a r e  most l i k e l y  t o  be r e -  
moved f i r s t .  Over t ime,  t h e  average e r o d i b i l i t y  of t h e  su r f ace  ma te r i a l s  w i l l  tend t o  
decrease.  This "armoringfl o r  I1erosion pavement" phenomenon i s  commonly observed and i s  
probably t h e  r e s u l t  of an inc rease  i n  t h e  average s i z e  of  sur face  p a r t i c l e s ,  poss ib ly ,  
keying i n  of sur face  p a r t i c l e s  ( f i g .  I ) ,  o r  both.  Other f a c t o r s ,  such a s  compaction of 
ma te r i a l s  as  s e t t l i n g  occurs and reduct ion  i n  s lope  g rad ien t s ,  may a l s o  he lp  reduce 
eros ion  hazards over time. 

I f  erosion hazards do indeed decrease following d is turbance  and r e l a t i o n  3 i s  
v a l i d ,  t h e  r a t e  o f  acce lera ted  eros ion  can be assumed t o  be d i r e c t l y  propor t ional  t o  
e ros ion  hazard (E ah) .  Fur ther ,  e ros ion  hazard i s  g r e a t e s t  when t h e  d i s tu rbed  s o i l  

S body is g r e a t e s t  and decreases as  t h e  body of s o i l  decreases.  Thus, erosion hazard 
appears t o  be d i r e c t l y  propor t ional  t o  t h e  amount of s o i l  present  (has) .  Assuming 
l i n e a r i t y ,  cons tants  of  p ropor t iona l i t y  can be assigned t o  t h e  above propor t ions ,  

But, E~ i s  simply t h e  r a t e  of change of S ,  

The negat ive  constant  o f  p ropor t iona l i t y  i s  used 
f o r  S and in t eg ra t ing ,  

based on t h e  boundary condi t ion  t h a t  S  = So when 

(5 

t o  i n d i c a t e  s o i l  l o s s .  By solving 

t = 0 . S u b s t i t u t i n g  i n  4 and 5 ,  

(6) 



Figure I .  --Photograph A was taken 
shortly a f t e r  construction. 
la ter .  Note the increase i n  

on a road f i l l  on In ters ta te  90 i n  northern Idaho 
The same plot i s  shown i n  photograph B, 4 months 
average surface particle s i z e  resul t ing from erosion. 



In ahis farm, e represents  a loss from the body of so i l  S and sa is a fiegative 
value. Harever, th ig  is not consis tent  with equation 2 where cg is p ~ ~ l t i v e .  T ~ U S  
equation 6 is modified to :  

dkt 
E: --" kSOe 

S 
( 7) 

Finaf ly, when squatf on 7 is substituted i n t o  equation 2 ,  the  t o t a l  erosiofi r a t e  OR a 
disturbed site is 

-kt ct = E + ksOe , n E 8) 

where E : ~ ,  So and k are parameters t o  be determined. 

In te rp re ta t ions  

~ ~ ( t r n s  mid2day-I) = 

of  these parameters and t h e  u n i t s  used i n  t h i s  ~ e p o r t  a re :  7 

The erosion r a t e  t o  be expected on the  disturtied area  a f t e r  a long 
pes3od, assuming no new major distu&arrce, This value is an -4 

essfmre sf the long-term norm f o r  the s i t e .  

the  amount of material  avai lable  t o  be e ~ o d e d  a t  time zero a f t e r  
ctisturbance. 

m kadex of t h e  rate of deckkne of erosion f0:f lowirig dtsturbmce, 
This ca;n: be  thoxght of as an index of the  recovery po ten t i a l  f o r  
the  site i n  qeresetom, 

By measu~ing e r o s i m  rates on disttm%ed s i t e s  over time, values can be assigned t o  
these  parameters. Howewer, masuremento of instantaneous erosion r a t e s  are extremely 
d i f f i c u l t  t o  obtain. Most sfudies of erosion depend upon periodic measurements of 
on-s i te  soil los3es m of accumulations of eroded material  a t  some downslope paint .  
Such data provide a measure of  erosion in tegrated over ti-. Accordingly, equatio- 
8 msr be in tegra ted i n  m d e r  t o  develop parameter estimates from periodkc' rneasuremrits 
of erosion. In tegra t ion o f  equation 8 with respect  t o  time y ie lds  the model t o  be 
f i t t e d ,  

where ri is i n  u n i t s  o f  tons  m i m 2  and t is t h e  days of elapsed time s ince  disturbance. e 



EXPERIMENTAL RESULTS 

The Forest  Serv ice  has been studying the  e f f e c t s  of severe  s o i l  d is turbance  on 
su r f ace  eros ion  and sedimentation i n  t h e  Idaho Bathol i th  f o r  a number of years .  The 
Idaho Bathol i th  is an extensive mass of  g r a n i t i c  rock (16,000 m i 2 )  covering a l a rge  
por t ion  of Idaho and p a r t s  o f  Montana ( f i g .  2 ) .  Various types of  g r a n i t i c  rocks a r e  
found; however, quar tz  monzonite predominates. The bedrock e x h i b i t s  wide v a r i a t i o n  
i n  degree of  weathering and f r a c t u r i n g  (Clayton and Arnold 1972. The a rea  i s  almost 
e n t i r e l y  mountainous and fo re s t ed .  Typical ly,  shallow, coarse- tex tured  s o i l s  a r e  found 
on s t eep  slopes t h a t  of ten  exceed 70 percent  gradient .  S o i l s  of t h i s  type a r e  extremely 
e rod ib l e  (Anderson 1954 ; And$e and Anderson 1961) . Localized,  h igh - in t ens i ty  rainstorms 
of  sho r t  dura t ion  a r e  common during the  summer season. A t  o t h e r  times o f  t he  year  more 
general  storms occur, o f t en  i n  conjunction with melt ing snowpacks. Following s o i l  d i s -  
turbance, t h e  combination o f  s t eep  topography, h igh - so i l  e r o d i b i l i t y ,  and h igh-c l imat ic  
s t r e s s  o f t en  r e s u l t s  i n  dramat ica l ly  acce lera ted  su r f ace  erosion r a t e s  (Megahan and 
Kidd, 1972). 

Data ava i l ab le  from f o u r  d i f f e r e n t  s t u d i e s  ( f i g .  2) conducted i n  t h e  Idaho Bathol i th  
provide i n s i g h t  i n t o  t h e  time t r ends  i n  su r f ace  eros ion  fol lowing road cons t ruc t ion .  
Two s tud ie s  i n  t h e  Deep Creek and S i l v e r  Creek study areas  present  da ta  f o r  e ros ion  from 
t h e  e n t i r e  road prism (cu t  s lopes  + roadbed + f i l l  s lopes] .  The o the r  two s t u d i e s ,  
loca ted  on double-lane f o r e s t  roads i n  t he  Bogus Basin and Deadwood River a r eas ,  were 
designed t o  measure eros ion  on road f i l l  s lopes  only. 

Road Prism Erosion 
Deep Creek Study: --In the  Deep Creek study ( f i g .  2) , about 0.2 mile (providing a 

t o t a l  a r ea  d is turbed  of 1.1 acres)  of low-standard logging-access roads was cons t ruc ted  
i n  two small ,  ephemeral drainages t o t a l i n g  5.2 ac re s .  Slope gradients  i n  t he  drainages 
average about 70 percent .  Material  eroded from t h e  e n t i r e  road prism was trapped i n  
sediment dams loca ted  about 300 f e e t  downslope. Data from the  sediment dams were col-  
l ec t ed  twice a year:  following t h e  snowmelt period (about June 1) and near  t h e  end of  



Figure &.--Location of study s i t e s  i n  the Idaho Batholith. 

6 



t h e  water  yea r  (about September 30). Sediment accumulations behind t h e  dams were sur -  
veyed by us ing  a g r i d  of  c lo se ly  spaced cross  s ec t ions .  The s tudy was designed s o  t h a t  
road eros ion  could be segregated from eros ion  occurring on unroaded por t ions  o f  t h e  
drainages (Megahan and Kidd 1972). The roads were cons t ruc ted  i n  November 1961; co l -  
l e c t i o n  o f  pos tcons t ruc t ion  da t a  was continued on schedule u n t i l  September 1967. Twelve 
measurement per iods  were sampled during t h e  6-year  s tudy.  

Accumulated sur face  erosion d a t a  a r e  p l o t t e d  i n  f i g u r e  3. Notice t h a t  eroded 
mater ia l  accumulates r ap id ly  immediately a f t e r  d is turbance ,  b u t  t h a t  t h e  r a t e  of  accumu- 
l a t i o n  decreases with time. Equation 9 was f i t t e d  t o  t h e  da t a  by using a nonl inear  
leas t -squares  procedure (Marquardt 1963) . The f i t t e d  regress ion  l i n e  and the  deri3ed 
equation a r e  shown on f i g u r e  3. The r e l a t i o n  has a s tandard  e r r o r  of 502 tons m i -  
and an r2 value  o f  0.98. Nonlinear confidence l i m i t s  f o r  model parameters i n d i c a t e  
t h a t  a l l  parameters a r e  s i g n i f i c a n t l y  g r e a t e r  than zero a t  t h e  95 percent  l e v e l .  

Figure 3. --Accwmc Zated 
surface erosion over 
time--Deep Creek S tudy  
area. 

r ,  = 3.5t-54807.2 [e-0.00956t-~ ] 

standard error = 502 tons mi-* 

I STUDY DATES 

ACCUMULATED ELAPSED TIME SINCE DISTURBANCE (Days) 



& h e r  Creek Study:--Other s tudy da t a  a r e  ava i l ab le  t o  check t h e  v a l i d i t y  of  t h e  
long-term eros ion  r a t e  (E ) determined from t h e  Deep Creek da t a .  Beginning i n  1965, n 
annual sediment pr.oduction d a t a  have been co l l ec t ed  from each o f  seven study water- 
sheds i n  t h e  S i l v e r  Creek a rea  of t h e  Payet te  River drainage ( f i g .  2 ) .  S ix  of t h e  
s tudy watersheds a r e  e s s e n t i a l l y  undisturbed;  t h e  seventh,  Ditch Creek, contains a 
low-s tanda~d f o r e s t  road about 2 miles  long t h a t  was cons t ruc ted  i n  1933. The road is 
comparable t o  t h e  Deep Greek road i n  t h a t  it is low s tandard ,  narrow, c l o s e l y  f i t t e d  
t o  t h e  landscape, and tyaverses  s i m i l a r  topography f o r  most of  i t s  length .  

Avevage sediment y i e l d s  f o r  Ditch Creek a r e  g r e a t e r  than f o r  any o the r  watershed 
i n  t h e  S i l v e r  Creek study area .  However, based on watershed c h a r a c t e r i s t i c s ,  Ditch 
Creek should rank approximately i n  t h e  middle o f  t h e  seven watersheds i n  terms of 
sediment production,  No doubt, t h e  increased sediment y i e l d s  i n  Ditch Creek a r e  due 
t o  erosion on t h e  Ditch Creek road. This  s tatement  i s  borne out by inspect ion  on the  t 

ground; e ros ion  i s  occuring on t h e  road t r e a d ,  on the  cut  s lopes ,  and i n  i s o l a t e d  
instanceg on t h e  f i l l  s lopes  (Megahan 1972). 

1 

Lbgical ly,  t h e  undisturbed sediment y i e l d s  from t h e  0.  41-mi2 Ditch Creek drainage 
would f a l l  between t h e  sediment y i e lds  from t h e  two watersheds t h a t  f lank  it (Cabin 
Creek, 0 8 4 0  m i 2 ,  and Eggers Creek, 0.51 mi2), because it is in termedia te  i n  respec t  t o  
f o r e s t  cover, s ides lope  g rad ien t ,  channel g rad ien t ,  and watershed s i z e .  Thus, t he  
average of  sedifient y i e l d s  from t h e  two undisturbed drainages provides a reasonable 
es t imate  of what t h e  sediment y i e l d  f o r  Ditch Creek would be  i f  t h e  watershed were i n  
t h e  undisturbed s t a t e .  This  amount can be subt rac ted  from t h e  measured sediment y i e l d  
t o  obta in  an es t imate  o f  t h e  sediment y i e l d  caused by t h e  o ld  road. F ina l ly ,  t h i s  
amount can be  prora ted  back t o  t h e  a rea  a c t u a l l y  d is turbed  by road cons t ruc t ion  t o  
provide a measure of annual road eros ion ,  Based upon 7 years  of da t a ,  annual road 
eros ion  ranges from 0.4 t o  9.7 tons  m i - 2  day" and averaged 3.5 tons  m i - 2  day-'. The 
average eros ion  r a t e  f o r  t h i s  37-year-old road i s  equal t o  t h e  va lue  of  E derived from n 
t h e  Deep Creek study.  Such values would be expected t o  vary with s i t e  condi t ions .  
Consequently, such good agreement is l i k e l y  t o  be more coincidence than  f a c t ,  but  i t  
does i l l u s t r a t e  t h a t  tBe E value  predica ted  from t h e  Deep Creek study is reasonable.  n 

Road Fill Slope Erosion 
Bops  Basin Study:--Other s t u d i e s  on g r a n i t i c  ma te r i a l s  i n  t h e  Idaho Bathol i th  

suppar t  the  t ime-trend r e s u l t s  repor ted  above. These were designed t o  measure erosion 
r a t e s  bn p l o t s  i f i s t a l l ed  d i r e c t l y  on s t e e p  road f i l ls .  One s tudy was e s t ab l i shed  i n  
t h e  f a l l  09 1962 on t h e  newly cons t ruc ted  Bogus Basin highway leading  from Boise, Idaho, 
t a  t h e  Bogus Basin Ski  Resort ( f i g .  a ) ,  The study was designed t o  eva lua te  t h e  
e f f e c t i ~ m e s s  of various kinds of erosion-control  measures and included a 1/100-acre 
unvegetated cont ro l  p l o t  t h a t  received no t rea tment .  Erosion da t a  were co l l ec t ed  during 
t h e  first year  a f t e r  cons t ruc t ion:  t h e  f i r s t  measurement was taken a t  17  days and t h e  
l a s t  a t  322 days (Bethlahmy and Kidd 1966). 

'I1 
Accumulated erosion d a t a  a r e  summarized i n  f i g u r e  4, These da t a  appear t o  f i t  t he  

pos tu l a t ed  e i o s i ~ n  model; consequently, nonl inear  regress ion  was used t o  f i t  eguatiof 9 
t a  the  data.  The f i t t e d  r eg res s ion  model has a s tandard e r r o r  of  780 tons  m i -  day- Y 

and an r2 value  o f  0.98. A l l  model parameters a r e  s i g n i f i c a n t  a t  t h e  95 percent  l e v e l  
I 

of  66fifidehde. 

Deadood ~ i v e r  Study : --Additional da t a  (unpublished, USDA Forest  Serv ice ,  I n t e r -  
mourn aifi Fo~esC  and Range experiment S t a t i o n ,  Fores t ry  Sciences Laboratory, Boise, Idaho) 
a r e  ava i l ab le  t o  check t h e  va lue  f o r  E~ determined from the  Bogus Basin da ta .  These 
were c 0 1 S e ~ t e d  on another  road eros ion  s tudy conducted on t h e  Deadwood River drainage 
(figi 21,  The study was i n s t a l l e d  on t h e  Deadwood road on a f i l l  s lope  where s i t e  



Figzae 4,  --A~cwrm- 
Zated s~osion us 30,000 
tima--Bops B a g i n  
Stud8 Area;, 

I standard error = 780 tons 

I I 1 

1 00 200 ~~ 
ACCUMULATED ELAPSED TIME SINCE DISTURBANCE (Days) 

condit ions were s i m i l a r  t o  those on t h e  Bogus Basin road, Numeraus attempts t o  revege- 
t a t e  t h i s  Toad f i l l  by reseeding were unsuccessful because of harsh s i t e  conditions. 
?Wee Wvegetated,  1/200-acre cont ro l  p l o t s  were ava i l ab le  on t h i s  study t o  catnp8Pe t o  
the Bogus Basin study.  However, t h e  Deadwood road f i l l  was constructed i n  1957; thus ,  
the erosion d a t a  co l l ec t ed  ddring t h e  1968-1972 sample period represent  erosion r a t e s  
expected from a 12- t o  15-year-old unvegetated road f i l l ,  The average of these  da ta  
should provide an approximate check on the  E value computed from t h e  Bq@s Bysin da ta .  
The 3-year annual erosion average on t h e  ~eazwood p l o t s  is 9.1 tons  mi- day- as 

1 
compared t o  t h e  en value on the  Bogus Basin p l o t  of 17.2 tons  m i - 2  day- . The lower 
value for the o l d e ~  study area  could be caused by s i t e  d i f ferences ,  a tendency f a r  
erosiofl r a t e s  t a  c m t i n u e  t o  decrease beyond the  time period used to f i t  the  regPession 
I h e ,  o r  both. In any case,  considering t h e  la rge  v a r i a b i l i t y  usual ly  associdted with 
erosion da ta ,  t he  value f o r  cn is again reasonable. 

Role of Rainfall Energy and vegetation 
?'he d e ~ i ~ a ~ i o f i  of t h e  erosion model was based upon t h e  asswiiptiofis t h a t  the erbs ive  

& P G ~ $  8 i e  constant  over time and t h a t  nd su r face  p ro tec t ion  i s  ava i l ab le  fram vegeta- 
€303 and litter, Obviously, e ros ive  forces a f e  not  constant  over time i n  na tdre ;  
cm%oquefitly, t he  tzme t f end  i n  erosion may i n  f a c t  be due t d  time t rends  i n  er6Siire 
f @g.c99, 



Wischmeier and Smith (1958) showed t h a t  t he  e r o d i b i l i t y  index, defined as  t he  
k i n e t i c  energy of  r a i n f a l l  ( foot - tons  pe r  acre-inch of r a i n f a l l )  t imes t h e  maximum 
30-minute r a i n f a l l  i n t e n s i t y  ( inches per  hour) was a r e l i a b l e  index of t h e  forces  
ava i l ab le  f o r  sur face  eros ion .  In addi t ion ,  they developed a procedure f o r  ca l cu la t ing  
t h e  e r o d i b i l i t y  index t h a t  u t i l i z e d  r a i n f a l l - i n t e n s i t y  da ta .  An i n t e n s i t y  r a i n  gage 
was operated from e a r l y  sp r ing  t o  l a t e  f a l l  d i r e c t l y  on t h e  Deep Creek s i t e  f o r  t h e  
e n t i r e  s tudy.  During t h e  remainder of  t he  year ,  an i n t e n s i t y  r a i n  gage was operated a t  
a  s i m i l a r  e l eva t ion  about 2 miles e a s t  of t h e  Deep Creek study a rea .  

The r a i n f a l l - i n t e n s i t y  da t a  were used t o  develop e rod ib i l i t y - index  values f o r  a l l  
storms occurring during t h e  course of t h e  Deep Creek study.  No ca l cu la t ions  were made 
when a snowpack ex i s t ed  because t h e  e r o d i b i l i t y  index i s  i r r e l e v a n t  during such t imes.  
A degree-day procedure was developed f o r  p red ic t ing  the  d a i l y  f l u c t u a t i o n  of t h e  snow- 
pack a t  t h e  study s i t e .  This  procedure was based upon a d e t a i l e d  ana lys i s  of 6 years  
of  snow-cover da t a  co l l ec t ed  monthly throughout t h e  winter  a t  e igh t  s i t e s  i n  t h e  
v i c i n i t y  of t h e  s tudy area .  Wet ad iaba t i c  lapse r a t e s  were used t o  ad jus t  the  mean 
d a i l y  temperatures a t  t h e  c l i m a t i c  s t a t i o n  i n  t h e  town of McCall, about 20 miles south- 
west of t h e  s tudy a rea ,  t o  those  a t  t he  s tudy s i t e .  F ina l ly ,  a  computer program was 
developed t o  p red ic t  d a i l y  snow accumulation and melt a t  t he  s tudy s i t e  based upon 
d a i l y  p r e c i p i t a t i o n  and temperature. 

The average e r o d i b i l i t y  index f o r  each erosion-measurement period used i n  the  
s tudy was computed by summing t h e  e r o d i b i l i t y  indices  f o r  each rainstorm t h a t  occurred 
during snowless days and d iv id ing  by t h e  number of days i n  t h e  per iod .  These d a t a  were 
then compared t o  t h e  average r a t e  o f  erosion f o r  each measurement period ( f i g .  5 ) .  

STUDY DATES 

@ 
NOTE - EACH CIRCLED VALUE IS THE MAXIMUM 
ERODIBILITY INDEX FOR A L L  STORMS IN EACH PERIOD. 

h PERIOD OF LOGGING 

Figure 5.  --Variations i n  erod- 
i b i  Z i t y  indices and erosion 
over time--Deep Creek Study 
Area. 

ELAPSED TIME SINCE DISTURBANCE (Days) 



The instantaneous r a t e  of  s o i l  e ros ion  is a l s o  shown as  a continuous curve on the  
f igu re .  This  r a t e  was developed by d i f f e r e n t i a t i n g  t h e  nonl inear  regress ion  f i t  o f  
equation 9 .  Notice t h e r e  i s  no time t r end  i n  t h e  e r o d i b i l i t y  index s i m i l a r  t o  t h a t  
shown f o r  e ros ion  i n  f i g u r e  5. The maximum e r o d i b i l i t y  index f o r  a l l  storms i n  each 
period i s  a l s o  shown on t h e  f i g u r e ;  again no time t r end  is evident .  These d a t a  suggest 
t h a t  v a r i a t i o n  i n  e ros ive  forces  d id  no t  have a primary inf luence  on the  time t r end  
i n  erosion found on Deep Creek. 

As one might expect ,  a l l  vegeta t ion  wi th in  t h e  a rea  a f f e c t e d  by road cons t ruc t ion  
on Deep Creek was o b l i t e r a t e d  a t  t h e  time of  cons t ruc t ion .  Because of  l imi ted  n a t u r a l  
revegeta t ion ,  t h e  road remained e s s e n t i a l l y  i n  t h i s  condi t ion  u n t i l  a f t e r  t h e  s tudy 
watersheds were logged a year  l a t e r  i n  1962. A t  t h i s  t ime,  s tandard post logging 
erosion-control  measures (water ba r s  and grass seeding) were i n s t a l l e d  on the  roads 
( f i g .  5).  Because o f  t h e  time of  year  (November), no apprec iable  vegeta t ion  growth 
occurred u n t i l  t h e  following growing season: almost 2 years  a f t e r  cons t ruc t ion .  Notice 
i n  f i g u r e  3 t h a t  e ros ion  had receded considerably by t h e  end of  t h e  f i r s t  year  a f t e r  
cons t ruc t ion ,  an ind ica t ion  t h a t  vegeta t ion  growth and i n s t a l l a t i o n  of water bars  was 
not  t h e  primary cause of  t h e  recess ion .  

Unfortunately,  no recording r a i n  gage was operated a t  t he  Bogus Basin s tudy area .  
However, c l i m a t i c  da t a  a r e  ava i l ab le  from two nearby s t a t i o n s  (Deer Point  and Boise 
Airport)  on each s i d e  o f  t h e  s tudy s i t e .  Data from these  s t a t i o n s  were adjus ted  t o  t h e  
e leva t ion  o f  t h e  s tudy s i t e  t o  develop e r o d i b i l i t y  i nd ices  f o r  snowless days f o r  each 
erosion-measurement per iod  i n  t h e  s tudy ( f i g .  6 ) .  Snowless days were determined by 
us ing  a procedure s i m i l a r  t o  t h a t  used on the  Deep Creek study area .  Note t h e r e  i s  no 
time t r end  i n  e i t h e r  t h e  average o r  t he  peak e r o d i b i l i t y  index t h a t  corresponds t o  t h e  
time t r end  found f o r  erosion.  Vegetation growth on t h e  Bogus Basin p l o t  was not  a fac-  
t o r  because e s s e n t i a l l y  no vegeta t ion  growth occurred on t h e  p l o t  su r f ace  during the  
course of t h e  s tudy.  

STUDY DATES 

Figure 6 .  --Variations i n  erod- 
i b i l i t y  ind<ces and erosion over 
time--Bogus Basin Study Area. 

NOTE- EACH Cl RCLED VALUE IS THE 
MAXIMUM ERODlRlLlTY INDEX FOR 
ALLSTORMS IN EACH PERIOD. 
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Based upon experimental d a t a  on g r a n i t i c  ma te r i a l s  from four  d i f f e r e n t  s tudy sf t e s  , 
t h e  derived exponential  model f o r  su r f ace  eros ion  over time appears t o  be appropr ia te .  
The model i s  use fu l  t o  persons working i n  t h e  a rea  because it provides an es t imate  o f  
t h e  quan t i t y  and timing of su r f ace  erosion following d is turbance .  The need f o r  such 
estirnptes i s  appreciated when sur face  erosion r a t e s  on d is turbed  lands a r e  compared t o  
those  on undisturbed lands ,  A v a i l a b i l i t y  of  a cons iderable  b d y  of  sediment-yield 
d a t a  makes poss ib l e  an es t imate  o f  t h e  average eros ion  r a t e  f o r  undisturbed lands 
s i m i l a r  t o  t h e  lands d is turbed  by road cons t ruc t ion  i n  these  s t u d i e s  (Megahan 19721, 
The eros ion  r a t e  f o r  undisturbed lands averages about 0.07 ton  m i - 2  day-'. FOP the  
f i r s t  year p f t e r  d is turbanee ,  ~ r o s i a n  r a t e s  p e r  u n i t  o f  a r ea  involved i n  m a d  canstrue-  
t i o q  aTe t h r e e  orders  o f  magnitude g r e a t e r  than those  on s i m i l a r  undisturbed lands: 
a f t e r  almost 40 years ,  they  a r e  s t i l l  one order  of magnitude g r e a t e r ,  The p o t e n t i a l  
f o r  &image by such a c c e l e ~ a t e d  eros ion  should be  apparent .  

Fortunately,  acce l e ra t ed  eros ion  o f  t h i s  magnitude need not  be  accepted as  an 
inev i tqb le  consequence of  severe  s o i l  d is turbance  because it is poss ib l e  t o  reduce t h e  
eros iop  with a v a r i e t y  o f  t rea tments ,  However, su r f ace  eros ion  follows an expanential  
r e l a t i n o s h i p  such t h a t  by f a r  t h e  l a r g e s t  percentage of s o i l  l o s s  occurs wi th in  1 t o  2 
years  a f t e r  dis turbance.  Thus, e ros ion-cont ro l  measures must be appl ied  immediately 
a f t e r  d is turbance  t o  be  e f f e c t i v e .  A common approach is t o  reseed d is turbed  a r e a s .  
Howevep, seeding alone w i l l  have minimal e f f e c t  because of slow i n i t i a l  grawtb 
respqnges; add i t i ona l  p ro t ec t ion  must be provided on t h e  s o i l  su r f ace  during t h e  
c r i t i c a l  high-erosion per iod ,  S tudies  have shown t h a t  t reatments  such a s  mulching and 
t r ansp lan t ing  on g r a n i t i c  road f i l l s  can reduce t o t a l  s o i l  l o s ses  dramat ica l ly ,  For 
example, Bethlahmy and Kidd (1966) yeported t h a t  s o i l  l o s ses  on t h e  Bogus Basin study 
p l o t s  we+e no t  reduced a t  a l l  by grass  seeding alone,  but  were reduced about 70 and 
98 percgnt  when seeding was accompanied by mulching and mulch p lus  n e t t i n g ,  yespec- 
t i v e l y ?  S o i l  l o s ses  from eros ion  p l o t s  on t h e  Deadwood road were reduced 98 percent  
by combfining ponderosa p ine  p l an t ing  with a s traw mulch p lus  n e t t i n g .  



A s  with most s t u d i e s  where r e s u l t s  a r e  r e l a t e d  s o l e l y  t o  t ime,  t he  t r u e  causes of  
t h e  time t r ends  a r e  no t  i d e n t i f i e d .  The s t u d i e s  repor ted  he re  simply were not  designed 
t o  eva lua te  t h e  causes of time t r ends  i n  e ros ion ,  but  they  were conducted i n  a  manner 
t h a t  he lps  e l iminate  some l i k e l y  causa l  f a c t o r s .  Obviously, v a r i a t i o n s  i n  e ros ive  
forces w i l l  t end  t o  modify erosion r a t e s  over time. However, these  s tud ie s  suggest 
t h a t  a  widely used index of  e ros ive  forces  ( the  e r o d i b i l i t y  index) was not  well  
r e l a t e d  t o  t h e  time t r ends  i n  e ros ion ,  a t  l e a s t  during t h e  i n i t i a l  period of rap id  
recess ion .  Time t r ends  i n  o t h e r  e ros ive  fo rces ,  such a s  wind o r  seepage flows, a r e  a  
p o s s i b i l i t y ,  although no such e f f e c t s  were noted.  Numerous s t u d i e s  a t t e s t  t o  t he  
a b i l i t y  of  vegeta t ion  and mechanical measures t o  reduce erosion.  Such treatment  mea- 
sures  were appl ied  l a t e  i n  Deep Creek and not  a t  a l l  on t h e  road f i l l  s t u d i e s ,  which 
e l iminates  them as  a  cause o f  t h e  rap id  decrease i n  e ros ion .  The foregoing suggests  
t h a t  v a r i a t i o n s  i n  e ros ive  forces  (f) and p ro tec t ion  (p) a s  defined i n  equation 1 did  
not cause t h e  time t r end .  Therefore,  it i s  pos tu l a t ed  t h a t  t h e  dominant causal  f a c t o r  
was "armoringtt of t h e  e ros ion  sur face .  

Wischmeier and o thers  (1971) developed a procedure f o r  es t imat ing  s o i l  l o s ses  from 
farmland and cons t ruc t ion  s i t e s  based upon t h e  un ive r sa l  s o i l - l o s s  equation.  No time 
t rends  i n  e ros ion  were ind ica t ed  by these  s t u d i e s .  However, t h e  s tudy procedure and 
the  f a c t  t h a t  s o i l  d is turbance  was not  severe  enough t o  inc lude  underlying parent  
mater ia l  may have a f f ec t ed  t h e  r e s u l t s .  S tudies  by o t h e r  researchers  suggest t h a t  
time t rends  i n  erosion do occur under o the r  s o i l  and geologic condi t ions .  Vice and 
o the r s  (1969) repor ted  such t r ends  following suburban highway cons t ruc t ion  i n  a  4 .  54-mi2 
drainage bas in  i n  Virg in ia .  In t h i s  case ,  s o i l  d is turbance  u l t ima te ly  included about 
11 percent  of  t h e  s tudy drainage. Anderson (1972) found decreasing time t rends  i n  
sediment from poorly logged areas  i n  Ca l i fo rn i a  following severe  f looding.  Such areas  
contained logging roads next t o  channels and landings i n  draws. Sedimentation r e s u l t i n g  
from surface  erosion on logging roads i n  Oregon decreased r ap id ly  a f t e r  an i n i t i a l  high 
r a t e  following cons t ruc t ion  (Fredriksen 1970) . 

As i s  t r u e  of t h e  Idaho s tud ie s  repor ted  here ,  t h e  ac tua l  processes causing t h e  
erosion decreases with time were not  evaluated.  However, one add i t i ona l  s tudy i n  West 
Virg in ia  was more d e f i n i t i v e ;  Reinhart and o thers  (1963) found t h a t  sedimentation 
increases  fol lowing logging r e s u l t e d  from erosion on skidroads.  They observed the  
erosion process over  time and repor ted:  

The impact on water q u a l i t y  was g r e a t e s t  during and i m e d i a t e l y  a f t e r  
t h e  logging operat ion.  . . . Repeated disturbance during logging 
cont inual ly  brought t o  t h e  road su r f ace  a new supply of f i n e  s o i l  
p a r t i c l e s .  Erosion decreased r ap id ly  a f t e r  logging, due f i r s t  t o  t h e  
development on our s o i l s  of  a  p a r t i a l  erosion pavement (a sur face  cover 
o f  small s tones)  and l a t e r  t o  vegeta t ion  growth on roads.  

Obviously, t h e  c o e f f i c i e n t s  developed f o r  t h e  s t u d i e s  i n  Idaho w i l l  not apply e l se -  
where, but apparently t h e  form of  t h e  b a s i c  time t rend  r e l a t i o n s h i p  is appropr ia te .  I t  
i s  important t o  no te  t h a t  t h e  r e l a t i o n s h i p  appl ies  only t o  su r f ace  erosion fizzawing 
disturbance : any add i t i ona l  d is turbance  w i l l  i n i t i a t e  a  new su r face  erosion cycle .  
Furthermore, i t  appl ies  only t o  surface erosion,  not mass e ros ion .  
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