
I Kinking about 
salmon, drinking 
water, forests and 
the future?

Think........

"  hen the Xssociation brought watershed ecologist Rich \a » a  to «peak in Seaside, 
this |M«t spring, he mentioned this article by Robert /iem er as the best there is on 
steepland erosion. H e  hope sou read it carefully in order to appreciate the 
importance of this issue. Robert Z.iemer works for the Forest Sers.ce at the Pacific 
Southwest Forest X Range I tperiment Station, \rcata. ( V

STEEPLAND
EROSION

By Robert Ziemer

Steepland erosion is 
eon tro lled most effectively, 
both in phy sical and economic 
terms, by preventive land-use 
practices rather than 
corrective action.

'steepland erosion is the result o f comj»|ieated 
interactions between clim ate, sod. getdogy, topography 
and vegetation A change in anv of these com ponents 
mav result in an ad justm ent of the d r iv in g  or resisting 
forces and lead to increased or decreased erosion 
process.

I his paper describes how  the interactions of 
clim ate, soil, geology, topography, and vegetation affect 
the management o f steepland erosion. Ihrc-x- types of 
erosion are considered surface, channel, and mass 
erosion.

In surface erosion, in d iv id ua l soil particle's an 
rem oved by ra indrops, th in  film  flow , and concentrated 
surface ru n o ff in the form  o f sheet and n il erosion Sur 
face erosion is characterized by the lack of perm anent 
channels. In und is tu rbed  steepland ton-sis surface 
erosion is generally ins ign ifican t because in filtra tio n  rales 
usually exceed ra in fa ll intensities

I "KH 'nK- road construction, w ild fires , or mass 
erosion, how ever, can expose m ineral soil where the 
natura lly  h igh porosity of forest soils mav be severely 
reduced by ra indrop  impact and com paction by heavy 
equipm ent. I ire can also produce water repel,ency in 
steepland soils If the resultant flow  o f water over these 
bare areas is not contro lled , surface erosion mav progress 
from  sheet to r ill to gu lly  erosion as channels are fom nrd

Channel erosion is the detachm ent and m ovem ent 
o f m ateria l from  a g u lly  or stream channel I he material 
may be in d iv id ua l particles derived from  the channel 
skin, per se; or it may be sedim ent eroded by surface or 
mass erosion that was deposited in the channel, for 
example, when an undercut stream bank collapses in to 
the channel

I jn d  m anagement activities in fluence channel 
erosion p rinc ipa lly  by plac ing erodib le m ateria l in existing 
channels; by in troduc ing  large organic debris in to  small 
perennial channels; by increasing surface runo ff from  bare 
and compacted soils, bv m od ify ing  the surface m icro 
drainage ne tw ork  by roads, tractor trails, and ditches, 
and by converting  subsurface drainage to surface runo ff 
(i e., bv intersecting subsurface flow  w ith  road cuts)

t  revp is the s low  dow nslope move m ent of the soil 
m antle where the long term gravita tiona l shear stress is 
large enough to produce perm anent deform ation  but too 
small to cause discrete failure. ( reep is the most com m on 
and W’idespread mass erosion process m steeplands, but 
is the least understood and docum ented

A lthough  direct measurement of management 
induced changes in creep rate mav be nearly impossible, 
the quan tity  of m aterial delivered to the num erous stream 
channels in the area can be large I or example, it tim ber 
cu tting  increased the average- creep rate in a catchment 
from  i  to 10 m m  yr, the- change w ou ld  probably not be 
noticed even by detailed h ilisope observation. But the 
quan tity  of soil added to stream channels w ou ld  be 
trebled, and the change in sedim ent transport mav be 
easily detected

I a rth tlo w  can be- considered accelerated creep 
where shear stress exec-eds the strength of the soil mantle 
and results m discrete failures I he rate of m ovem ent of 
earth flow s. as w ith  creep, mav Is- imperceptibly slow, but 
can exceed a metre per day

M ovem ent mav be continuous, seasonal, or 
episodic. I ike creep, deep seated earth flow s may be 
affected little  bv tim ber cu tting  or road bu ild ing  unless 
the d is tribu tion  o f mass or the water re lationships w ith in  
the slide changes substantia lly The d is trib u tio n  of mass 
can Is- changed by excavations w h ich  undercut the lex- of 
the earth flow , rem oving dow nslope support

Koad till can add mass to the head o f an 
earth flow , add ing to the gravitational forces con tribu ting  
to slope failure Koad« can also m od ify  the water relations 
w ith in  the earthflow  Koad cuts can in tercept subsurface 
flow . If this water or surface road drainage is d iverted 
away from  the earth flow , (he slide below the road may 
become more stable It water is d iverted  onto  the slide, 
dorm ant earth flow s may Is- reactivated

Tim ber cu tting  can also m od ify  the in terna l water 
relations of the earth flow  1 vapotransp ira tion  by forests 
may deplete SO ft» 'S cm o f soil m oisture per year

I here are interactions and feedback mechanisms 
between erosion types In some cases, channel incision 
undercuts the toes of earth flow s, upsetting  the balance of 
forces on the h ills lope In o ther cases, aggradation w ith  
ac- com pan led increases in bank erosion undercu t the 
tc*es o f earth flow s In small steep streams, incision is 
m ore com m on than aggradation, w h ile  in large low - 
gradient streams the reverse is true Accelerated earth- 
flow  erosion, in turn , can m od ify  o ther types of erosion

D eb ris  avalanches are rapid shallow  h ills lope 
failures generally found in shallow noncohesive* soils on 
steep slopes where- subsurface wate r becomes con 
centrated I L int roots can reduce the frequency of the-s. 
shallow  failures Roots can anchor through the soil mass 
in to  fractures in bedrock Ihey  can also develop lateral 
support by crossing zones ot Weakness to m ore stable 
soil as w e ll as p rov id ing  long fibrous hinders w ith in  a 
weak soil mass

A lthough  many studies have docum ented debris 
avalanche e rosion fo llo w in g  logging roads appear to 
increase- the- frequency of debris  avalanche much more 
than does tim be r cu ttin g  In add ition  to p ro found ly  
affecting the soil water regime, road cuts can intersect 
and undercut the shallow  fa ilure surface, and road fills 
can add a substantia l mass surcharge to the slope.

D ebris  torrents are the failure and rapid 
move-ment of water-saturated soil, r«x k and organic 
debris in small, steep stream channels Debris torrents 
m igh t be considered a transitiona l lin k  between debris 
avalanche mass erosion and channel erosion I hey 
typ ica lly  « c u r  d u rin g  ,». r i« |s  o f h igh ra in fa ll and 
stream tlow  I hey mav be started bv a debris avalanche 
which enters the channe l or they mav result from  an 
in itia l fa ilu re  o f accum ulated debris w ith in  the channel 
typically, as debris from  the fa ilure  moves dow nslope. it 
traps large quantities of add itiona l m ateria l obtained from  
the channel banks and bed. I he resu lting  channel mav be 
scoured to bedrock for a great distance

Land managem ent activites mav increase the 
frequency o f debris torrents bv increasing the quan tity  ot 
water delivered to a channel o r by increasing the quan tity  
o f de bris m a channe l Channel flow  can be dram atically 
changed by roads in tercepting  subsurface How. rerouting  
o f small drainage networks, and the concentrating ot 
surface ru n o ff from  compacted road or tractor trails 
Mate-rial from  accelerated h ills lope erosion can increase 
the am ount of debris accum ulated in channels

Koad tills  at stream crossings place a large- mass of 
rock and so il in channels It is com m on fo r road culverts 
m small steep stream channels to p lug  w ith  soil and 
organic de bris, resu lting  in saturation and fa ilure  of the- 
road till, f a ilu re  ot road crossings is a p rinc ipa l cause- of 
accelerated channel erosion and de bris torrents in many 
fe»rested stee pland are as

I he key to successful management of 
erosion is the ability to:
I ) Identify potentially erodible sites.
2) Correctly assess appropriate 
activities at those sites, and
3) Have a political/regulatory system 
that allows for the exclusion of
hazardous sites from land treatment.— *

U hc rc- and how land m anagement is conducted 
.in  tin tw o  prim ary " ’!’'>idi r a l io i i s in e t to j |s t , . r e d u c e  
-t. > ¡ 'la in ! « I he how cons ide ra tion  is o llc n
tin .lig h t t.» h. co m p le t,d W ith p lann ing. A lthough  good 
p lann ing  is a m ajor and necessary step in m in im iz in g
' ' th* carrying h of the plan is ..Il ............
m id. rp laved  I he on the g round operator is the key to 
success or ta ilu i. ot a plan C om m only little  e ffo rt is 
« xpended to inc lud, operators m the p lanning process 
In g. n, ial the ir skills have been developed through 
personal , x js -r ie n ,,- o f w hat seems to w ork

I n to rtunat, lv what works best tor d ragg ing a log 
or constructing a stream crossing may not be bc-st tor 
m anaging ,-rosion \n  im portant part in managing 
st. . p land erosion is succe ssful inte ractions betwe en 
plann, ;s am! operators Success is often based as much 
on personalities .is on technical abilities

Manv manage m e n t rules approach prevention as 
though there was an equal probab ility  of erosion 
occurring .it any given location It is becoming 
uh r. astnglv clear that most steepland erosion « c u rs  in a 
lim ited  number of areas and that most ,»f the- area 
produces on ly a small am ount ot e rosion

I.» ,-tteitivelv m anage erosion in steeplands, it is 
m ote im portan t to sjiecttv w here land is to be treated 
than to I», concerned w ith  how much land is to be 
treated

111» key to successful management of erosion is 
th, ab ility  to I) id e n tify  pote ntia lly  erodib le sites 2) 
correctly  asse ss appropria i, activités on those sites, and 1) 
has. a politica l regulatory system that a llows tor the 
ex. lusion ot hazardous sites from  land treatm ent In some- 
eases th. most appropriate ac tiv ity on a sit,- may be no 
activity l i t .  cost ie»|uiied to co rn . I management 
induced erosion is , .ft« n tar beyond the benefits obtained 
from  th.- land management a, tiv ity  or the costs required 
to fo llow  a more sensitive alternative plan,

I  hannel erosion and mass erosion are usually 
ass« ia t,-d  w ith  rare storms G uidelines tend to address 
th, contro l ot erosion on the basis of the typical event 
(storm ) It is howe ver norm ally  tin  unusual 'e ve n t 
w h ich  produces tin  erosjonal charac (eristics that are- 
generally considère el to In- unacceptable I fforls  to 
contro l erosion from  tin- tvpie.il runo ff event could le ad Io 
more erosion du ring  tin- large- storm

( ’ tie common m ethod te» m in im ize  road-related 
debris torrents is ,.» install oversized" culverts or to 
bridge the- water cours. I his m ethod is often discounted 
Is  c a u s e  of Its h igh in itia l expense ( onstruction costs are 
frequently  v iewed in the short term and fail to include 
subsequent costs ot maint, nance- and replacement It the 
accounting system included tin- total costs required 
d u ring  the design lit. of the project many current 
construction practices would probably be changed.

Managem ent activités tan  m od ify  the- s tab ility  of 
debris w ith in  the channel I he |« a l gradient ot a 
ste-e j»l.inil e lianne l, as well as its stab ility , is often 
contro lled by l» e d r« k  However, large w oody debris, a 
natural com ponent ot fore sted steepland channels, can 
also contro l channel gradient I he residence- tim e of large 
decay resistant logs, such as large logs of D ouglas-fir, 
mav remain in a .hanne l fo r several hundred years 
W hen this organic de bris decays, accumulated m ateria l is 
subje c t to i hannel erosion and. further, is available for 
rap id  m obiliza tion in to  a de bris torrent

It efi.inne I s tab ility  is controlled bv the long term 
supp ly  ot larg. organic debris, am) large trees adjacent to 
channels are e lim inated by continued forest
management, active channel erosion mav fo llow  the 
decay of existing logs because new larger logs arc- no 
longer available for replacem ent In intermittent 
channels, live resits from  su rround ing  tree s provide 
substantia l strength and reinforcem ent to the channel 
bed If the se tree s arc cut, the Strength of the debris 
Composing the bed w ill progressively weaken as the resits 
decay I his cond ition  may re su lt in accelerated channel 
erosion o r increased risk of a debris torrent

I ’ruden t management should id e n tify  the values 
•it risk and dirc-e t c-nwion contro l activités toward 
proce sses most like ly to affect those value s Steepland 
erosion is contro lled most effective ly, both in physical 
am i econom ic terms, bv preventive land-use practices 
rath, r than corrective action Management of steepland 
« rosion is m erely the appropria te  application of va ry ing  
levels o f ta re  and caution when dealing w ith  terrain of 
va ry ing  erosional sensitiv ity.

There is a great tendency to fix past mistakes. 
How ever, unless m ore e ffo rt is devoted t<» looking  
fo rw ard  tow ard  prevention rather than backward tow ard  
correction, we w ill con tinua lly  be try ing  to catch up.

I he successful management of erosion is as m ilch  a 
ph ilosophica l and ,»ohfie.il problem  as a technical one.
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