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Several of you i n  the f i e l d  administrative jobs have asked f o r  a summary 
of available information from fore'st influences studies r e l a t i ng  t o  watershed 
management practices. This paper hits some of t he  high spots, giving a brief 
survey of Buropean and American studies and recommendations that may be 

'applicable within our region. Further, it contains a f e w  per t inent  reoommen- 
dations from recent looal observations, Xe hope these notes w i l l  give you, 
the f o r e s t  managers, some basio information fo r  use i n  thinking about and 
discussing the  subject, and some pr inciples  and methods t o  adapt t o  problems 
t h a t  may be present i n  your areas. 

The paper- i s  divided in to  s ix  parts8 First.  the  general f i e l d  of for-  
est influenoes which considers the e f f ec t s  of f o r e s t  vegetation (trees. 
shrubs, herbs, and grass) on climate, soi l ,  erosion, runoff, and stream flow. 
Second, the  watershed management aspect, dealing with suoh things as logging 
systems, logging methods, use of f i r e ,  road locat icn and constructiono Third, 
the  . d e t a i l s  of  s p o i f  ic a o t i v i t i e s  of ten necessary in  watershed management, 
such as road drainage, road bank s tab i l i sa t ion ,  gully control, and curative 
measures f o r  eroding "sore spots." Fourth, local  observations and some rec- 
ommendations applicable t o  our conditionso Fif th ,  a tabulat ion of the water 
y ie lds  of some of our prinoipsil stream, t o  give a p.icture of the  size of 
the  water crop. Sixth, a l is t  of references f o r  thGe who want t o  dig a 
l i t t l e  deeper. . 

@ .  



Some d e f i n i t i o n s  may be i n  order. Fores t  influences, one phase of 
f o r e s t  ecology, deals  with the e f f e c t  of n ~ t u r a l  vezeta t ion on climate, 
vater ,  and s o i l ,  Xatershed rrianagement involves t h e  appl ica t ion o f  the  
p r inc ip les  es tubl isned from f o r e s t  influences s tudies ,  It  xiay have var i -  

b 

ous .object ives,  such as ~ l i a x i ~ ~  water ~~ror iuct ion,  o r  control  of flood 
peaks and erosion, o r  narves t  of timber without harm t o  water sup;~lius,  
o r  use of foraze  - t~i thout  .ianal;ing tho s o i l *  Research i n  :'orest influences 
i s  l i r e c t e d  towar3 solvinz the s o i l  and water proSlerns taut develop from 
the  use o f  f o r e s t  an3 r;nge resources; wtatsrs-led ,2~na;exnent ,~,a;:t.~ -use of 
t;lese f indings  i n  con t ro l l in?  operat ions on the land. 

I. FOREST INFLUENCES 

Effec t s  o f  Fores t  on Climate 

Consideration of f o r e s t  influences goes back t o  Bib l i ca l  times, but  
modern s c i e n t i f i c  research i n  the  f i e l d  b e ~ a n  only a century ago. In the 
mount~ ins  of Switzerlj~1d, France, and I t a l y  var ious  s tudies  have been made 
t o  show t h e  way towtrd avalanche control  and rezulut ion of f loods i n  moun- 
t a i n  streams, A good l e a l  of time was spent inves t iga t ing  and discass ing 
t h e  e f f e c t  of f o r e s t s  on climate, Froln s tud ies  i n  France it ivas concluded 
t h a t  f o r e s t s  t r a n s p i r e  moisture t o  the air above and cool it, leading t o  
increased frequency and more regular  d i s t r i b u t i o n  of r a i n f a l l .  In  I t a l y ,  
var ious  s tud ies  shav~ed r a i n f a l l  over f o r o s t  areas  t o  be from two t o  four  
percent  g rea te r  than on deforested areas. Similar  conclusions were redched 
i n  t h i s  country. Comparison of denuded and fo res ted  areas  i n  the Tennessee 
Copper Basin showed t h a t  r a i n f a l l  over the  f o r e s t  was ten percent g rea te r  Shah 
over the  barren area, f i v e  percent g rea te r  than over grassland. 5hnntz 
says t h a t  "movements i n  t h e  d i rec t ion  of des iccat ion may not ind ica te  a' low- 
e r ing  of f a i n f a l l ,  but  may be brought about by the p a r t i a l  des t ruct ion of 
t h e  plan't cover, followed ahnost i m e d i a t e l y  by t h e  l o s s  of tne s o i l  mantle. 
These e f f e c t s  are  confined l a r g e l y  t o  man's use of wild l m d  m d  the  re- 
s u l t  i s  always t h a t  of throwing t h e  vezetat ion t o  a more dese r t  type." 

Regarding temperature, t h e  Copper Basin study showed the denuded a rea  
t o  have lower average winter  maxima m d  h i 9 e r  average summer maxima than 
t h e  fo res t .  Range i n  s o i l  temperature was t h r e e  times a s  great  i n  bare 
areas  as under t h e  f o r e s t .  A study i n  Germany showed t h a t  a t  n ight  t h e  
f o r e s t  s o i l  was warmer than the  a i r  above it, v~hich again was warmer than 
t h e  a i r  i n  the open; b u t  t h a t  i n  daytime t h e  f o r e s t  s o i l  was cooler than 
t h e  a i r  above it, which i n  t u r n  was cooler  than t h e  a i r  i n  t h e  open. 

Various workers i n  t h i s  country studyins f r o s t  occurrence have d i s  - 
covered tha t  f r o s t  pockets may develop a f t e r  heavy c u t t i n <  o r  f i r e s  i n .  t h e  
f o r e s t ,  and p e r s i s t  for years. Areas of g r e a t e s t  f r o s t  hazard were found 
on f l a t s  and a t  the base of s teep slopes. Ssneral ly,  occurrence of f r o s t  
i n  t h e  s o i l  i s  much more l i k e l y  i n  t h e  open than under f o r e s t  cover. In 
Ohio, s tud ies  have shown t h a t  woodland cover p ro tec t s  the s o i l  from freee- 
ing; and t h a t  more porous s o i l s  a r e  l e s s  subject  t o  freezing.  Also, t h a t  ' 



f reez ing  concentrates s o i l  moisture a t  t h e  surface; and that t h r e e  inches 
of f r o s t  i n  t h e  s o i l  may g rea t ly  a f f e c t  percola t ion of s o i l  water. Concen- . 
t r a t i o n  of s o i l  moisture a t  the  surface by f reez ing  was a l s o  noted by a 
'Cal i fornia  observer. 

PVind.movement was found t o  be f i v e  t o  f i f t e e n  times g rea te r  i n  t h e  
open than*  i n  the  fo res t .  Similarly,  evaporation was shown t o  be M o e  a s  
g rea t  i n  the  open as i n  the  f o r e s t ;  i n  p a r t i a l l y  cu%- areas#. l e s s  than i n  
the  open but  more than i n  the  untouched fo res t*  .Ewporatipn on-sauth  
slopes was observed t o  be s i x t y  percent  greater than on nq.~.th ;s$apesr In- 
creased humidity on nor th  slopes was ooncluded t o  be air & & ~ d h t t o  cool- 
ing  from rad ia t ion  of gpplmd+-,&eat os t o  freedom from aunfigl;.hu- There- a r e  . . 
numerous o the r  o b s w a f & ~ $ s , k ~ : ~ a $ e r e s t  . . that might be quoted, but  they a r e  

* . .  not p e r t i n e n t  here-* ,. 

Fores t s  and P r e c i p i t a t i o n  Losses 

With regard t o  in te rcep t ion  of p r e c i p i t a t i o n  by f o r e s t  cover, an 
I t a l i a n  observer s t a t e d  t h a t  deciduous f o r e s t  t r e e s  interoepted and re-, 
evaporated about f i f t e e n  percent  of the  r a i n f a l l ,  coniferous t r e e s  prob- - 

ably  more. One Ca l i fo rn ia  study showed about twenty' percent  in te rcep t ion  
l o s s  from r a i n f a l l  on undisturbed woodland-chaparral cover wi th  three- 
four ths  of the  amount in tercepted reaching the ground by fizkia f lor .  
Another described 10s s i n  chaparral  ranging from f i v e .  t o  eleven percent,  
varying.in;perseSy wi th  t o t a l  precipi ta t ion .  Studies i n  Colorado found 
t h a t  aspen and g r a s s  cover in tercepted much l e s s  than lodgepole p ine  for-  
e s t ,  and t h a t  in te rcep t ion  was the most important source of moisture l o s s  
i n  t h e  types considered. In t h e  lodgepole f o r e s t ,  n e t  r a i n f a l l  was found 
t o  vary  prith i n t e n s i t y  of cutt ing,  heavily c u t  a reas  ge t t idg  twenty-three 

'percent  more than uncut areas. Various inves t iga to r s  showed t h a t  forest-- 
both broadleaf and conifer--intercepted on the average about one-fourth of 
the p r e c i p i t a t i o n  i n  storms of var ious  si ~ e s r  

.. . ' .  . .  w . , - .  $ - .  - . .f.' . ?-, , '<..,.;' ' 
. r  .. 

In an Eastern hardwood f o r e s t ,  removal o f  stream-6ank vegeta t ion 
( a f f e c t i n g  about one-eighthof the  t o t a l  watershed a rea )  .ahwed & % i n s  up 
t o  one-f i f t h  i n  summer streem Plow. . Cutt&ig ,all, the.:~sge%ation on a. 
watershed and leaving t h e  s l a sh  t o  sha8e ' mq '$irote6f+ -the Boil lnoreased 
t h e  runoff nea r ly  twenty inches, with most of  the  gain  made i n  the f a l l  
period. These s i g n i f i c a n t  gains followed reduotion of the  t r a n s p i r a t i o n  
d r a f t  on s o i l  rno9sture. S tudies  "in- U t a h  khdwed tliat evapotranspirat ion 
l o s s e s  equaled about one-third af t h e  stream flow i n  l a t e  summer. Other 
observers have reported similgr  a g n i f i c a n t  losses  from stream-side t r e e s  
and shrubs. 

0 ' b  "+ " 

P a r t  of suih gains  may be dud'also t o  redLctions i n  evaporation loss .  
A Cal i fo rn ia  s t u d f i n  wodiand bhaparral shaved t h a t  evaporation of in te r -  
oepted p r e c i p i t a t i o n  amounted t o  five peroent of t o t a l  preoipi ta t ion ,  
about equaling t h e  t r a n s p i r a t i o n  loss,  laith the t o t a l  l o s s  g rea te r  on 
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undisturbed areas than  on denuded areas.  In  ?ha Sopper Basin, t o t a l  a n u a l  
eva?or:ation was found to be t-renty percent  greutcr  i n  t h s  bore a rea  than i n  
grassland, and two huidred percent :r;rsrtter LLan i n  !,lo i 'orest. iin I t a l i a n  
observer concluded t k a t  r o r c s t s  trzninspircd aiccut one-foarth of  the precipi -  
t a t i o n  they zot.  From +'IF: Colorado lodgepole p iac  s tudy ,  it was concluded 
t h a t  timber c u t t i n 2  s i g n i f i c a n t l y  redaced f o r e s t  s u t e r  lossoc, including I 

evaporation and t r m s ? i r a t i o n ,  

Fores ts  2nd Sno7u 

Studies r e l a t i n g  t o  sno,; iLislt are ;~crh;? s of grcciter i n t e r e s t  t o  us 
nere i n  the Northxest. F i n d i n ~ s  of t n c  s:iu.r l irbcrntorics run by t h e  Teather 
Bureau and the  Army pointed ou t  t h u t  while dense vegetat ion vrss associated 
with reduced snow c&er, south slopes nitil densc cover  u d  ~riore snow than 
south slopes with l i t t l e  cover. kn investi;stot- i n  3erm-y a t t r i b u t e d  t h e  
bending of t r e e  trunks an steep slopes to snot i  creep. iie found t na t  creep- 
ing sno.4 moved and sor ted  rocks, placing t n e  l s g e s t  a t  t h e  bottoms of the  
slopes; and t h u t  on grave1l;y s o i l s  sr1or.r creep fonr.ed r idges  from which mud 
flows o f ten  developed, 

Other observers have found t h a t  nor th  slopes hold siiovv up t o  ten days 
longer than l e v e l  o r  south slopes; t h a t  snou: evaporation losses  inay range 
t o  more than an inch of water equivalent  per month; and that in tercept ion 
of snow i n  ponderosa p ine  stands var ied  from f ive  t o  t h i r t y  percent, in- 
creasing :.-ith age, s ize ,  and densi ty  o f  stsncl. An open ponderosa f o r e s t  
caught about t h e  same amount o f  snoa as an adjacent  i::eadcw; but tne f o r e s t  
he ld  the snow from one t o  t-wee weeks longer t h n  the  xleeadow. Bn eighth  
of an inch, o r  3500 gal lons  per acre, of snow wds held in d r i f t s  i n  
the  f o r e s t  a  xeek a f t e r  t h e  meaim was bare. 

G r i f f i n  i n  1917 studied the  e f f e c t s  o f  f o r e s t  on snow ~ n c l t  i n  the  
Upper Deschutes, Vind River, and Upper Y d c i r n a  a r e l s .  lie noted tha t  snow 

-remained about seventeen Jays longer on the  average i n  the f o r e s t ,  though 
snow vtas l e s s  deep i n  the f o r e s t  than i n  the open tecause of in te rcep t ion  
lbsses.  I n  t h e  l a t t e r  p a r t  of the  melt sensoil, th9re  was nore snox i n  t n e  
dense f o r e s t  than i n  more open stands, Sno:~ rejnaining i n  the  f o r e s t  a t  
the  time the open a rea  was bare contained mrsr seven inches of 7~fa ter ,  equal 
t o  about t h i r t y  percent  of t i e  maximum snocf blaA&et. ~t higher a l t i t u d e s  
o r  i n  denser f o r e s t ,  the  e f f e c t  was even greater .  Snolvcatch i n  the  open 
was  about a f o o t  deeper than i n  the  f o r e s t ;  p r i o r  t o  t e  a e l t  period 
snow i n  the  open had a g rea te r  densi ty  tilan ti1a.t i n  the  f o r e s t .  

L 

F i f t e e n  t o  twenty years  l a t e r ,  a continuation of tne  %ind Xiver study 
by Hawley and &leasher showed t h a t  snow on open cut-over 1 m d  disappeared 
a week before tnat i n  p a r t i a l l y  c u t  s  tands, and two weeks before the  saow 
disappeared i n  the  untouched old-growth stands, On t n e  open lands, seventy 
percent of the  o r ig ina l  snow pack melted i n  a sin<;le week; but under timber 
cover the  snow melt  w a s  evenly d i  s t r ibu ted  over a four-week period* 



Elsewhere, it was concluded f rom observations i n  Nevada t h a t  the  
f o r e s t  cover most s u i t a b l e  f o r  water $ield--from the  standpoint of accumu- 
l a t i o n  and melt ing of snow--w~uld be a young stand with many small open- 
ings  i n  the  crown canopy, Studies i n  Idaho sho-ved t h a t  old-growth 
ponderosa pine stands caught seventy t o  seventy-five percent a s  much snow 

3 
a s  was caught i n  the  open, and young second-growth stands ninety-five per- 
cent,  but  the  snow cover l a s t e d  severa l  days longer i n  the  fo r%st  than i n  
t h e  open, I n  Utah it was observed t h a t  the  snow melt period was f i f t y  
percent  longer i n  south-faciag watersheds though the  y i e l d  *<$as only s i x t y  
percent  a s  g rea t  a s  i n  north-facing wqtersheds. On the south-facing areas 
the s o i l  was sa tura ted  from snow melt  twenty t o  t h i r t y  days e a r l i e r ,  and 
peak stream discharge came t e n  days e r r l i e r .  Another study i n  the  same 
area  shomd t h a t  t h e  ground under*snow cover was not  frozen a f t e r  t h e  be- 
ginning of runoff ,  ) .?h 

4 '  

On t h i s  matter  of s o i l  f reezing,  observers i n  Arizona found t h a t  while 
the re  was f reezing i n  the  s o i l  of a ponderosa pine f o r e s t  it was no t  a s  
deep as  i n  adjacent open areas, t h a t  the frozen s o i l  was disoontinuous and 
patchy by t h e  beginning of tne  melt  period, and t h a t  a l l  s o i l  f r eez ing  had 
disappeared well  before the end of the  melt  period. In the open a r e a  t h e r e  
was s t i l l  deep f r o s t  that impeded i n f i l t r a t i o n  and l e f t  a layer  of s o f t  mud 
a t  t h e  s o i l  surface,  Thick i c e  l ayers  a l s o  formed a t  t h e  bottom of t h e  
snow pack i n  the  open, Most of t h e  f reezing i n  t h e  f o r e s t  occurred on the  
shaded n o r t h  s ides  of the  t r e e s ;  t h e r  w a s  much l e s s  f reez ing  on the  'ex- 9 posed south sides,  and t h e  f r o s t  the re  disappeared before the  melt period 
began, 

In  a Colorado study, r a t e  of snow melt was found t o  be most r ap id  i n  
open areas, Melt r a t e s  i n  t h e  f o r e s t  were d i s t i n c t l y  speeded up by timber 
cut t ing;  though snow storage was increased i n  prcport ion t o  degree of cut- , 

t ing .  While melt ing was most rapid  on heavily cut p lo t s ,  a l l  a reas  l o s t  
t h e i r  snow a t  about t h e  same time. Largest amounts of water i n  a lodgepole 
pine f o r e s t  were found i n  t h e  l a rge r  n a t u r a l  openings. However, the com- 
ment was made t h a t  absence of in te rcep t ion  losses  i n  large  open a reas  may 
be o f f  s e t  by losses  from exposure of the  stored snow* t o  evaporation by sun 
and wind, I 

Russian observers found a delay i n  snow thawing wi th in  t h e  f o r e s t ,  o r  
i n  small openings, a t t r i b u t e d  t o  reduced a i r  c i rcu la t ion ;  and noted t h a t  
the  thaw period l a s t e d  longer i n  the  f o r e s t  than i n  the  open, One con- 
cluded t h a t  snow began melting about two weeks l a t e r  i n  t h e  f o r e s t  than i n  
t h e  open, b u t  t h a t  durat ion of the  melt period was about t h e  same because 
the re  was usual ly  l e s s  snow t o  be melted i n  the f o r e s t .  Further, t h a t  
melt ing i n  t h e  open went on during t h e  day bu t  stopped a t  night ,  while 
melt ing once begun i n  the  f o r e s t  went on continuouslyo 

Avalanches are another f e a t u r e  of snow i n  t h e  f o r e s t  t h a t  make up a- 
subject  of importance t o  us, Many s tud ies  of avalanches have been made i n  
Germany and Switzer lmd,  Qne of t h e i r  conclusions i s  t h a t  a se leot ion f o r e s t  



composed of many aSe and s i z e  c lasses  gives tne  bes t  avalanche protec t ion.  
m o t h e r ,  from a Swiss record of t e n  thousand avalanches, was t h a t  only 
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s i x  percent s t a r t e d  on timbered or brush covered a r m s ,  In  1911, follow- 
ing the  d i sas t rous  st even.^ Pass avalwches  xnich took more than one hundred 
l ives ,  Brlunser made a study which showed that -t!~ree-fourtkls o f  t h e  avulmches * 

occurred on deforested slopes and t h a t . n e a r l y  a l l  s t a r t e d  on deforested o r  
barren slopes. Avalanches vmich had no wel l  m r n  slideways t o  fol low occur- 
red a f t e r  4enudation of the  s teep slopes by f i r e  and logging; t h e  extensive 
f i r e s  of the  period 1880 t o  1910 xere blamed f o r  increasing avaltmche preva- 
lence. 

Munger concluded t h a t  f o r e s t s  promoted c l i n a t i c  conditions l e s s  favor- 
ab le  t o  s t a r t i n g  s l ides ,  ~ n d  t h a t  chunks of \yet snow ~und drops of water 
melted from the  t r e e  crowns tended t o  corrpact and cement the  *ifhole snow 
nass. Further, t h a t  t r e e s  ac ted  as n a i l s  t o  hold the  snow pack on t h e  slope. 
Patches of timber could slow doxm o r  stop a~alunc'nas,  but  t r e e s  twenty f e e t  
o r  t a l l e r  were needed to  give s ign i f i can t  res is tance .  Fores ts  were observed 
t o  have the  g r e a t e s t  influence on avaltinches a t  t h e  place of or ig in ,  not  
a f t e r  t h e  avalanches gained headway. 

In  a more recent  study of avalanches on a ski area  i n  Utah, it %vas 
pointed out  t h a t  avalanche hazard was r e l a t e d  t o  t e r r a i n  an3 clirnnte. Steep- 
ness, length, convexity, and exposure of t h e  slope; snowfall, wind, and tem- 
pvrature a re  the  important f ac to r s .  It was remarked t imt a y  veseta t ion 
except grass  had a r e s t r a i n i n g  e f f e c t .  Dry powder snow was the l e a s t  oon- 
t r o l l a b l e  by vegetation, because it floived read i ly  around L r r i e r s  sach as  
t r e e  trunks. A German observer s t a t e d  t h a t  most of the damage Prorn f i n e  pow- 
der snow avalanches was caused by the  tremendous a i r  pressure t h a t  developed 
below them, 

Forests ,  Floods, and l7ater S u ~ p l y  

,Idany observers have described t h e  benef ic ia l  e f f e c t s  of f o r e s t  cover 
i n  s t a b i l i z i n g  stream flow. In North Africa, one pointed out t h e  need f o r  
preventing f o r e s t  des t ruct ion by sheep grazing, t o  reduce f lood damage. 
In I t a l y *  another t o l d  of t h e  ac t ion  of r a i n  on bare s o i l s ,  gul ly  forma- 
t ion ,  channel cutt ing,  and the  occurrence o f  d i sas t rous  f loods  a f t e r  defor- 
e s ta t ion .  Deposits of f lood d e b r i s  and sediments ruined orchards and crop- 
lands, plugged the  lower r i v e r  courses, and developed ponds and swamps r 

which became sources of malaria. A Swiss study showed t h a t  stream-flow 
peaks from a f u l l y  fo res ted  watershed were one-third l e s s  than those from 
a p a r t l y  f o r e s t e d  watershed; every kind..of vegetation, e spec ia l ly  fo res t ,  
was found t o  contr ibute  g r e a t l y  t o  reducing erosion and stream debris  
t ranspor t .  

Studies i n  Russia showed t h a t  locat ion of fo res ted  areas  wi th in  a 
watershed may have s i g n i f i c a n t  e f f e c t s  on stream-flow peaks, t h a t  the  most 
moderating influence i s  exercised by f o r e s t  d i s t r i b u t e d  uniformly over an 



entire drainage basin, and that  rna,x3mm discharge h.om basins forested  only 
in t h e  lower parts may exceed that fpm unforested basins. Further, that 
f lood peaks were lowest where the upper half of t h e  drainage basin was for- 
ested, a d  thae the ;smdles% maximum snow melt;  rises were found in rivers 
lnf-th watersheds only partly forested. This follows from the variation in. 
timing of the snow melt period betareen forested and open areas. In a 
Czechoslovakian study total m a 1  runoff from forested water sheds averaged 
about seven percent less than from unforested. Highest strean f low was 
five times as great; f r o m  unforested as f r a  forested areas. but the 10ms-b 
smer  flow was half again as grad f ~ o m  the forested  as fPm the unforssted 
areas. Channels in the forest were stable even at peak flow, ~ 5 t h  very lit- 
tle debris added Prom bmks or slopes; m l e  stream oourses in pastwed 
areas were ms-table and showed consf derable bank erosion. 

A comparo.ison in Sdteer land  of  runoff from t sentpthree  stonas on for- 
ested and partly fores ted  watersheds showed the advantage o f  full cover* 
For the period of highest stream flow, runoff from the fully forested area 
was only seventy percent o f  that from the partly forested area* There were 
several interesting findings from this study. Porosity of forest s o i l s  was 
greater than that of pasture or f i e l d  soils. Soil moisture content was 
most canstant  in the forest; and there was less s o i l  freezing in the forest 
than in the open. There were P m r  slides and less eros ion in the f o r e s t 8  
end more dry season runoff-both s w ~ ~ r  and winter--from %he forested 
areas* Water retaining capacity of the forest was very great for high in- 
tensity storms of short duration, and Sncreased ~ 5 t h  age of the stand. Raw 
humus had an adverse effect, in that it soaked up water .rrhich nas not 
transmitted t o  the s o i l ,  and that when saturated it penaitted surface run- 
of f .  Mixed species forest composition was pointed out  as desirable t o  
prevent demlopent of heavy raw hmus concentrations. Forest soils yield- 
ed surface r e f  when saturated by general rains3 but the runoff *as clear 
and f r e e  of sediment, and t he  discharge m o r e  stable and regular than that 
from s o i l s  in the open areas. Usually, precipitation drained Prom forest 
s o i l  s by deep seepage, and Pram soils in open areas by surface rmoff * 

In this comkry, the Wagon Wheel Gap study in Colorado & o ~ d  that 
peak discharge f r om a denuded watershed was from o n e - f i e h  t o  one-third 
greater than from an. untouched watershed, and that total water yield was 
about one-seventh greaterr 1% was ~orzclwled that the r d h o  between Ugh 
stream f l o w  stage and low stream flow stage i s  a d i r e c t  aeasrire of the need 
for protection of  the watershed as a storage reservoir: the higher the 
ratio the more needs t o  be done t o  retard snow m e l t  and to increase absorp- 
tive oapaci* of %he s o i l .  Other observers noted that  water losses varied 
aacording to aspect, s o i l  condition, eover type and condieion, and the sea- 
sonal di stribation of precipitation. 

Tests in Utah showed that where litter and plant material were now& 
for the site, runoff averaged five percent of the rainfall applied. &I 
deteriorated parts of the same area runoff increased as plant density de- 
creased, reaching eighty percent of the rainfall applied on nearly bare 
areas. In a California study of woodland chaparral plots, surface runoff 



from a r e a s  denuded by repes ted  burning averaged fou r t een 'pe rcen t  of p rec i2 i -  
tak ion;  from a reas  burned b u t  once, two percent ;  and from unburned areas, 
l e s s  thm a t e n t h  of one p e r s e n t o  T a t e r  y i e l d  from the  undisturbed p l o t s  
-?.as by percola t ion;  b u t  mare than  a t h i r d  of t h e  y i e l d  froi-n detluded a r e a s  
was s i l t - l a d e n  runof f ,  tfn3ergroun~:i water f lowed f o r  a longer period and 

1 

i n  g r e a t e r  amounts from t h e  un l i s tu rbed  than  from t h e  denuded p l o t s .  

Fores t3  , a d  S o i l  Moisture ---- 

Perco la t ion  t e s t s  i n  the & ~ i s ~  study ,,,zntioned i n  the >receding sec t ion  
snowed t h a t  f o r e s t  s o i l  was from f i f t e e n  t o  seventy t imes as absorpt ive  as 
s o i l  of grazed o r  pas tu re  urezs ,  I n  California ,  s o i l s  ~ i t h  an_tistur?.,ed rirood- 
land c h m a r r ~ l  cover, perco1a-ti.cn v s ~ s  f i f t y  9 e reea t  g rea t e r  than i n  denuded 
s o i l s ,  During the gro-;fin: season a11 s o i l s  dried o u t  t o  1 - 2 ~ ~  the& t h e  v i l t -  
i n g  po in t  dotllm t o  a depth cf  i 'orty inches;  Gut t5e ::$inter season s o i l  mois- 
t u r e  rernaincd a t  a l e v e l  u se fu l  t o  p l a n t s  t xen ty  7zrcent  longer i n  t h e  s o i l s  
w i th  undisturbed cover than i n  denuded s o i l s .  

i .. 

An I t a l i a n  observer  s t a t e d  t h a t  evtq3orution from f o r e s t  s o i l  ranged 
between one-fcurth and one -hdf  t n a t  from bare s o i l .  Durin; the snoiv-melt 
pe r iod  when t r a n s p i r a t i o n  d r a f t  i s  f a i r l y  lo;*$, such a reduct ion ~f evapora- 
t i o n  l o s s e s  can r e s u l t  i n  s i g n i f i c a n t  s o i l  ~ n o i s t u r e  savin,;. ibis i s  borne 
out  by the  f i n d i n g s  of m Arizona s tudy i n p  a ponderosa pine f o r e s t .  The 
su r face  s o i l  layers i n  the f o r e s t  &sorbed and r e t a i n e d  f o r  a 1on;;er period 
a g r e a t e r  moun t  of water from snow : , ~ e l t  than iiJ t h e  correspondin; s o i l  
l a y e r s  i n  an open meadow, ii'Jithin the f o r e s t ,  a r e a s  covered -2~i- th  l e a f  lit- 
t e r  and shaded by t r e e  crowns absorbed mii r e t a i n e d  a g r e a t e r  qui int i ty  of 
s o i l  moisture than  did the  bare f o r e s t  o p e n i n ~ s .  I n  TJti3,!, observers  re- 
po r t ed  t h a t  watershed s o i l s  became sa tu ra t ed  &ir ing  the hit;h runoff period,  
and remained so f o r  about tvm  reeks a f t e r  most of t ' le sno..r cover had d is -  
q p e a r e d .  One pointed o u t  t h a t  winter  i!icltiag may t r a n s f e r  considerable 
water  from t h e  snow pack t o  t h e  s o i l  t o  r ep len i sh  e a r l i e r  s o i l  moisture 
lo s ses .  :here s o i l s  were sa tu ra t ed  by snoTi? ~ x e l t ,  rcAin during t h e  me l t  per- 
i o d  y ie lded  ve ry  high runoff .  

From a C a l i f o r n i a  study, it was concluded t h a t  s o i l  f r eez ing  drew 
%vater updard, dry ing  out  the  subso i l  and causing the sur face  s o i l  t o  be- 
come and remain v e r y  wet dur ing  r a i n l e s s  periods.  I n  s o i l s  bare of vegeta- 
t i on ,  f r e e z i n g  g r e a t l y  increased  evaporat ion losses .  Evupor a t i o n  during 
f r e e z i n g  per iods  was t n r e e  t imes a s  g r e a t  as i n  s imi l a r  per iods  witnout  
f r eez ing ,  an3 n e a r l y  f o u r  t imes a s  g rea t  a s  evaporat ion oncl t r a n s p i r a t i o n  
combined from brush-covered s o i l s  dur ing  t h e  saxe periods.  

One American observer  summarized t h e  e f f e c t s  of f o r e s t  cover on s o i l  
moisture by po in t ing  ou t  t h a t  i n  l e v e l  a r e a s  f o r e s t s  d r a i n  t h e  soil and 
improve mar shy condit ions,  while  i n  h i l l y  areas f o r e s t s  i nc rease  under- 
ground water s torage ,  From s t u d i e s  i n  Europe it was concluded t h a t  i n  gen- 
eral a heavy f o r e s t  s tand tends  t o  lower t n e  ground-water t a b l e  und dry  
o u t  the  s o i l .  



Fores t s  aqd Erosion 
e 

Though t h i s  t o p i c  has been considered here and the re  i n  the  preceding 
sect ions,  some spec i f i c  f indings  of i n t e r e s t  remain to be given. In  t h e  
Ca l i fo rn ia  woodland chaparral  study, annual erosion losses  averaged twelve 
tons of s o i l  per  acre  from denuded p lo t s ,  one-half ton  per acre  from dis-  
turbed p lo t s ,  but  only two pounds per acre  from the  undisturbed plots .  
The surface workings of small animals contributed t o  eros ion on t h e  dis-  
turbed areas. In the Intermountain region, it was observed t h a t  the  amount 
and sever i ty  of erosion va r ied  with slope, vege:etatipn density, and accessi-  
b i l i t y  t o  l ivestock;  t h a t  soils a r e  most s t a b l e  and erosion l e a s t  on north- 
e r l y  slopes; and t h a t  a vegetat ion densi ty  under thirty percent had l i t t l e  
appreciable e f f e o t  i n  re ta rd ing  erosion. b o t h e r  study i n  the  same region 
indicated  t h s t  soil freezing l e d  t o  ser ious  erosion. m e r e  vegeta t ion was 
sparse, s teep slopes were eroded by f r o s t  ac t ion  and snow melt combining 
t o  cause miniature mud flows. Brush-covered slope s were genera l ly  r e s i  st- 
ant  t ~ ~ m ~ d - f l o w  erosion, while slopes with a sparse sagebrush and g r a s s  
cover were' suscep t ib le .  

Slunmdr cloudburst storms cause much more spectacular  erosion damage 
on areas  with depleted cover. Heavy r a i n s  on sa tura ted  s o i l s  during t h e  
snow melt period may have s imi lar  d i sas t rous  e f f e c t s .  We can see p len t i -  
f u l  evidence of eros ion from both sources, p a r t i c u l a r l y  i n  the  e a s t e r n  
p a r t  of our region, wherever the cover has been removed. Croplands, bare 
of  cover i n  t h e  winter  season, show the most; b u t  on many range areas,  
overused by l ives tock o r  by game animals, the  signs of sheet  and r i l l  
eros ion are prominent. Below t h e  eroded slopes, small ~vaterways a re  gul- 
l i e d  out, t h e i r  crumbling v e r t i c a l  banks showing t h e i r  i n s t a b i l i t y .  In  
t h e  f o r e s t ,  the  damages a re  l e s s  obvious. Ifhere zover i s  denser, erosion 
i s  usua l ly  lower; though logging skid t r a i l s  o f t en  become accessory chan- 
n e l s  contr ibut ing t o  the , sediment and debr i s  load of streams below. I n  
undisturbed f o r e s t ,  e ros ion i s  l imi ted  t o  iin occasional landslump o r  t o  
the  very slow processes of s o i l  creep on the  s teeper  slopes. 

. e - 1 
A study of eros ion on watersheds predominantly brush-covered showed 

one-third of the  a r e a  t o  su f fe r  from s i g n i f i c a n t  erosion losses .  Areas 
with deep f r i a b l e  s o i l  had very l i t t l e  severe erosion. krhere s o i l s  were 
shallow, with t i g h t  subsurface layers,  erosion w a s  widespread. Such s o i l s  
general ly supported only a sparse vegeta t ion which was e a s i l y  overgrazed 
and depleted. Even wi th  moderate use, these  a reas  tended t o  erode readi ly ;  
they require  a t  b e s t  ca re fu l  management, and i f  badly eroded, they need 
pos i t ive  control  measures i n  addi t ion  t o  removal of grazing use i n  order 
t o  prevent continued deter iora t ion.  - .  

a" 
L 



11. WATERSHED U A G E U E N T  CONSIDERATIOEJS 

Logging and Stream Flow 

Fores t  opera t ions  m d  mana~ement p - a c t i c e s  have considerable e f f e c t  
on runoff  a d  erosion.  I n  t h e  Rocky ILtn, 1o i ; ; e~o lz  p ins  f o r e s t s  observa- 
t i o n s  i n d i c a t e  t h a t  mechanical J,i sturbance of t h e  s o i l  by loggins  l eads  
t o  e ros ion  of  t h e  humus, 3oz:~evcr, heavy cdt t in:  was found t o  m&e about 
t h i r t y  percent  more water a v a i l a b l e  f o r  stream flow, tile increase  being 
a t t r i b u t e d  l a r g e l y  t o  d i f f e rences  i n  intercep. t ion.  I n  t, le southern Appala- 
chian hardinfood f o r e s t ,  c l ea r - cu t t ing  increased a n u a l  water y i e l d  s ix ty-  
f i v e  percent ,  :rhile c u t t i n g  only- t h e  streiun-btink ve5etul;ion i n c r e ~ s e d  the  
y i e l d  twenty percent ,  Stream t u r b i d i t y  a d  sediment loads  xe re  increased  
by t h e  usual  logging methods vrllich g r e a t l y  d is turbed  t h e  watershed s o i l s .  
Old logging roads continue t o  erode and may add sediment t o  streams below 
f o r  many years .  European observers  Pound c l ea r -cu t t ing  detr iment  a1  be- 
cause o f  t i e  compaction and degeneration of denuded s o i l s .  

I n  our own region, Rapraeger noted t h a t  on p i i r t i o l l y  c u t  t r a c t o r  log- 
z ing  chances i n  Douglas-fir, over f o r t y  percent  o f  the  a r e a  had tne ground 
cover changed by the add i t ion  of s l a s h  or from crushing by t r a c t o r s  and 
logs, l ~ h i l e  about f i v e  perccnt  of  t n o  a r e a  was taken up by skid t ro iTs .  
O t h e r  observers  have repor ted  up t o  t e n  percent  of l o g  ;ed a reas  taken up 
by sk id  t r a i l s ,  with t h e  sk id  t r a i l  s o i l  i i s t u r b e d  =d compacted. Ta r ran t ' s  
s t u d i e s  i n d i c a t e  a probable reduct ion i n  s i t e  q u a l i t y  as wel l  as an in- 
c r sase  i n  runoff and eros ion  qn t h e  a l t e r e d  s o i l s  i n  skid t r a i l s .  

On the Eas t  s i d e  i n  gonderosa pine f o r e s t s  2a r r i son  Bumme11 found 
t h a t  logging denuded twenty-two percent  cf t h e  cutover  a r e a &  Shrub d e n s i t y  
10s ses  i n  t h e  understory of a s  much a s  s i x t y  percent  ;rere observed. Skid- 
ding d is turbance  increased wi th  slope, and ~ r e s t e s t  on tile l i g h t -  
t ex tu red  so i l s . -  !%ere sk id  t r a i l s  viere lon: a d  h e w i l y  used, Lhey o f t e n  
were dug ou t  t o  depths of us much as  four  f e e t  an3 showed severe s o i l  d i s -  

- * -  placement, iunere arches were used f o r  skillidins, t . lere  w a s  much l e s s  s o i l  
d i  sturbtznce . 
Grazing and Stream Flow 

European observers  e a r l y  recognized $razing dmages on watersheds. 
They recommended t h a t  mountain pas tu res  Be l in l i ted  to  a reas  not  sub jec t  t o  
i n j u r y  by graz ing  use; and t h a t  graziing be  p roh ib i t ed  on s o i l  s t a b i l i z a t i o n  
and t o r r e n t  con t ro l  p r o j e c t s .  On the  l a t t e r  poin t ,  s i n i l a r  recomnendations 
have been made i n  t h i s  country, 

I S o i l s  on grazed pas tu re  (converted from hardwood f o r e s t )  iiiere found t o  
have l e s s  than ha l f  t h e  i n f i l t r a t i o n  r a t e  of s o i l  wi th  an undisturbed f o r e s t  
cover. On Western ranges, i n f i l t r a t i o n  r a t e s  were observed t o  be reduced 
a s  graz ing  pressure  increased,  Moderate graz ing  use inc reases  sur face  



runoff, but  has l i t t l e  e f f e c t  on erosion; while heavy grazing g r ea t l y  
increases  both runoff and erosion. Light graging on bunchgrass range i n  
Colorado increased surface runoff f o r t y  percent; heavy grazing increased 
runoff near ly  n inety  percent. Similar  e f f ec t s  have been noted on brush 
and f o r e s t  ranges, ~ S U .  

Floods from summer cloudbursts i n  t h e  Intermountain region have been 
corre la ted with the degree of graeing on the  watersheds p r o d u ~ $ n g  the  high 
flows. Removal of Cbe cover vegetation and oompa~ t ioo  of the pi1 by e;raz+ 
ing animals l ed  t o  high rates of runoff and severe erosion on the  slopes,  
and produced diqas t rous ,  boulder-laden f h o d s  in the channelcs belay at times 
of heavy rain. From undisturbed aaOersheds, 'peak flows were much lower and 
ca r r i ed  l i t t l e  debr is  l o ~ d .  

Road Construction and Stream Flow 

Concerning road construction, a Swiss observer s t a t ed  t h a t  f o r e s t  roads 
must be drained so that water w i l l  flow i n  t h e  f o r e s t  s o i l  r a the r  than i n  
surface channels. In Czechoslovakia it was observed t h a t  discharge from 
f o r e s t  roads ran o f f  rapidly  m d  was loaded with sediment. In  California,  
erosion lossesi from a mountain road i n  a deeply weathered g r a n i t i c  formation 
amounted to one-eighthof the  o r i g ina l  f i l l ,  during a s ingle  high-intensity 
storm. In North Carolina, it was  pointed out that road-bank erosion choked 
di tches  and oulverts ,  cu t  ou t  f i l l s ,  increased accident  hazards, cos t  up t o  
$300 per mile f o r  extra maintenance annually, and added t o  stream sediment 
loads. Obsewations i n  Ca l i fo rn ia  showed considerable damage done by road 
erosion sediments t o  streem channels, reservoirs ,  i r r i g a t i o n  works, agricul-  
t u r a l  lands, and mountain rea rea t iona l  areas.. The damage below a storrn- 
gu l l i ed  road may be l e s s  conspicuous but  i s  a f t e n  g rea te r  than t h a t  t o  the 
road i t s e l f ;  fu r the r ,  such accessory damage f requent ly  i s  i r reparable .  

F i re ,  So i l  Conditions. and Stream Flow 

The e f f e c t s  of burning are summarized by Shuntz a s  follows: "A t h i r d  
of the  na tu r a l  vegetat ion of the ea r t h ' s  surface was af'fected by f i r e .  I n  
each case the vegetat ion i s  thrown back t o  a l e s s  luxur iant  type, a dryer 
o r  less productive type.... Some of the most dese r t  areas  i n  the world l i e  
i n  a region of ample r a i n f a l l .  

wA pdt covii i  a duff cover, accompanied by a myriad animal forms, 
and an equally r i c h  bac t e r i a l  and fungal f l o r a  keeps the  surfaoe i n  a con- 
s t a n t  s t a t e  of b iological  ac t iv i ty .  This a c t i v i t y  involving the upper inch 
o r  lpore of so i l ,  and t h e  inches of animal and p lan t  cover i s  t o t a l l y  des- 
troyed by f i r e .  That f i r e  enriches t he  s o i l  chemically might be t rue;  but  
the re  i s  l i t t l e  evidence t h a t  s o i l  i s  enriched through a s e r i e s  of burn- 
ings, and considerable evidence tbt it i s  not.... Another e f f e c t  of 



removal of vegetation by f i r e  is t h a t  tine d u f f  and the mycorrhizal -content 
so neoessary f o r  i3*ny fore& trees i c  ltirgcly destrayedab 

It was c c u s l ~ ~ e i i  f r o i ~  bzudie:, i;fi S-4ve;rai-i tII+: ?, ~kr~itq,: a e e r e a ~ e d  $he 
acidity of humus, a d  so improved growins con3it lons for plants, though 
t h e  e f f e c t  v ~ r i e d  ~ c c o r i t f n g  *,o tile. part ici l lar  sc.L$. fhe c,  : p j s i t l on  L E  
ashes changed rapidly, but basic elements were taken up by n w u s  and held 
f o r  severa l  years, Acidity remained low for soma tirna, snd gradwtly re- 
turned  t o  ~ r i ; i n a l  levell;. Burning was most  effeiltive i n  cases  of podsols  

. - 
~ v i t h  :iqavy ~ " 8 %  i l~ t r~ .   PIC^.^ y i w e r v ~ L i ~ i ~ ~  : .; %;l; i . = r r c  .' ', r e d  ; , , c i * ~  

t h i r t y  to f o r t y  yours  a f t e r  burning were needed -*c devaiop sn I* :*-.t.: ic.ble 
hurr.us ~ . n d  litter l aye r  in lodgepole  pific; f o r e s t ;  snd t h a t  t o  develop the 
three- t o  six-incn deptlz os" Pit;t,r ;U.,US ~ , ~ i i : i  as I l ~ . i n d  i n  01; $sands to& 
over %tvo huadred y e w s .  

The inf i f t ra -b ion  oan a s i t y  of ,voodl#nd chaparral a r e a s  deninded by burn* 
i n g  xas frlund to be reduced .;i~.~t;i peroent  at the f i r s t  t-xrniz:;, n inety  
peraent  at t"l second, :LY-~ z i n e t y - f  iv:: 2ercerlt w i th  eonkinued returning. 
T'nereafteu*, ci3venty-five psr@eaG of tne P afn,'a.i? u:i .,.:3 * s i L I i  ::$ .:. :C ;i ;>rum 
duaed r u n o f f .  In .*noher otud;~, :~nnual  burning of hardwood forest f lood 
reduced i n f i l t r a t i o n  t h i r t y - s i g h t  percept., whereas mechanical removal of 
l i t t e r  gave only an eighteen percent reduction. 

h tne xixed fo re s t s  of  the Alleghenies, t u r n i n g  Gas pointed out as 
a cause of frost pockets. Opghings in t h e  stand i u a d e  by -it:ler f i re  or 
clear-cattin.; p r t i s t e d  bsoause of unfavorable seed-bed condi t ions  due t o  
f reez ing;  suuh f r o s t  pockets ;rere no t  foun.3 i n  the undis turbed  old-growth 
stands, 

Reinoval of tho litter, as t ~ y  a ground iire, in young ponderosa pine 
stands caused severe e ros ion  itnd doubled t h e  runoff rate,  according t o  a 
Colorado study. Seven y e a r s  l a t e r ,  even thouzh a normal amount o f  l i t t e r  
w a s  atxir? acclmulated, h e  t r e a t &  area e k i l l  .~ , f  i-:"; ret:i~:?ed ~ n t l r e l y  to 
the normal runoff  ra te .  

Fire, where it i s  the  only al;ent a t feccing co.;Ter, as in t n o  chaparral 
o f  Cal i fornia ,  i s  the second chief contributin$ fac tor  i n  f l oods .  (precipi -  
t a t i o n  i s  o f  course t h e  first.) Watershed runoff an4 erosion ra tes  w e  
inoreased many times over i n  t h e  f i r s t  season after burning,  Qrcs ion  ra tes  
as great as one hundred an,3 fifty tons of  sediment pe r  acre have been mea- 
s u r e d  from newly burned watersheds. Runoff rgtes  up t o  s i x  hundred second- 
f e o t  cer square rnf le have a l so  been ineasdred ur;ficr t i e  se t smdi t ions  , The 
effects of  f i r e  a re  reduoed slowly; t h i r t y  years may be needed to br ing  the 
cover baok and lower t h e  runoff and e ros ion  rates to n o k a l ,  

bliscellaneous Considerations 

Returning t o  the subjeet of avalanches; One o f  the  lesser known buC 
q u i t e  important avalanche danages i s  tha t  o f  d e s t r u c t i o n  of the product ive 



capacity of f a i r l y  l a rge  f o r e s t  areas. Protec t ing avalanche hazard a reas  
from f i r e  i s  o f  prime importance. In the high elevation avalanche source 
areas, t r e e  p lan t ing  may be necessary. European a u t h o r i t i e s  recommend 
stone wa l l s  and t e r r a c e s  to ~ c h o r  snow packs that may become avalanohes. 

Changing the P&st cover has its e f f e c t s  on wi ld l i f e .  Openings i n  
t h e  old-growth Douglas-fir f o r e s t  tend to improve the  h a b i t a t  f o r  deer. 
Other animals, however, may be adversely affec)ted. AQ the timber hbrvest  
has  proceeded in  t h i s  k e g i c ~ ~  trees sk,fi~,d.jcng the $$re$ms have been removed 
and channels have been plbgged with l~&~!ng debrig. Urik o f  shade oauses 
water temperatures to rise, ,debris j a p ~ e  prevent upstream trayel by s p m -  
ing f i s h ,  and decomposition of orgwia matter 'released' i n  t he  streams c u t s  
down t h e  oxygen supp ly , fq r  many Panas of aquatic l i f e  i n  addi t ion  t o  fur- 
n ishing mate r i a l  sometimes d i r e c t l y  poisoztoue. Erosion sediments, &nether 
from cut-over areas ,  heavily used range, o r  cropland, f o u l  t h e  streams and 
r u i n  spawning grounds. A t  t i m e s  of h igh water, heavy loads of f i n e  sedi- 
ment choke t h e  f i s h  t h a s e k v e s .  

Recreational aspects  o ther  than those involved in  hunting and f i s h i n g  
a r e  also important. Two and a hal f  mi l l ion  people v i s i t  r e s o r t s  a n d  camps 
and p icn ic  grounds on the na t iona l  f o r e s t s  of our region each year; and 
t h r e e  t imes t h a t  many more see the f o r e s t s  w h i l e  t r a v e l i n g  through. Those 
t h a t  a re  looking f o r  b e r r i e s  enjoy v i s i t i n g  burned and cu t -wer  lands; but 
the  major i ty  of t h e  t r a v e l e r s  p re fe r  green-clad mountains f o r  scenic enjoy- 
ment. Where and how thed..timber i s  c u t  may se r ious ly  a f f e c t  t h i s  in tangible  
but valuable resource. On the  other side of the  p ic ture ,  r ec rea t iona l  use 
i t s e l f  m a y  cause damage t o  the fo res t ,  because of  s o i l  colfipaction where 
many people gather,  and because of  increased fite hazards. 

Management t o  Control Erosion and Runoff 

A number of a u t h o r i t i e s  have given suggestions f o r  watershed manage- 
ment toward control  of slope eros ion and runoff.  One recommended p a r t i a l  
c u t t i n g  and sca t t e red  openings t o  prolong t h e  mow melt per iod on densely 
fo res ted  watersheds. h o t h e r  pointed ou t  t h a t  p a r t  of stream-flow l o s s e s  
could be el iminated by c u t t i n g  down the vegeta t ion along channels. In 
Colorado, it was s t a t e d  t h a t  d i f fe rences  i n  in te rcep t ion  l a r g e l y  determined 
the  value of watershed cover types; and t h a t  aspen and g rass  were sa t i s fac-  
t o r y  where water y ie ld  was more important than timber produotion. Transpor- 
t a t i o n  by wire has been described a s  a method o f  g e t t i n g  logs  out  of  the 
f o r e  s t  without s k i d - t r a i l  damage and erosion. 

Concerning grazing lands, E l l i s o n  says a cover t h a t  i s  patchy i s  shot 
through wi th  snall problem areas.  It i s  the open spaoes t h a t  remain un- 
productive year a f t e r  year, from which most o f  the  s o i l  l o s s  takes  place, 
and which l i m i t  the  e f f i c a c y  of t h e  land a s  watershed. Moderation i n  graz- 
ing  i s  necessary so t h a t  vigor af es tabl ished p l a n t s  not be impaired, t o  
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permgt adequate sped production, and t o  fu rn i sh  control  by vegeta t ion over 
the  microenvironment. Providing s o i l  s t a b i l i t y  and f avarable microclimate 
i s  e s s e n t i a l  f o r  r e h a b i l i t a t i o n  of deter ioruted  range gatershed lands, and 
mulching can help toward these object ives.  

With regard t o  se r ious ly  de te r io ra ted  wutersheds, an I t a l i a n  f o r e s t e r  
sa id  -control  requires  r e f o r e s t a t i o n  o f  s lopes und regeneration of a lp ine  
meadows. Some slopes may be so bad t h a t  t e r rac ing  i s  needed before plant-  
ing  c m  be successful.  In  severely eroding channels, d m s  and revetments 
a r e  needed to  reduce flood f low energies, t o  c o l l e c t  f lood sediments, und 
t o  provide s t a b i l i z a t i o n  u n t i l  t h e  v e ~ e t a t i o n  zovor on tne slopes abovo i s  
f u l l y  rees tabl ished.  de resomiended temporary b a r r i e r s  of dry fiasonry o r  
bundles of wood f o r  secondary gu l l i e s ;  paving channels o f  la rge  g u l l i e s  
and covering the  s ide  banks a i t h  l ayers  o f  branches; sloping s teep cut  
banks; t e r r a c i n g  steep eroding slopes; and i n s t a l l i n ;  d r ~ i n s  t o  el iminate 
landsl ides ,  de s t r essed  the importance of r e fo res t inz  w i t h  species adapted 
t o  the p a r t i c u l a r  s i t e .  In  describing t o r r e n t  ccn t ro l  i n  Jugoslavia; an- 
o ther  observer mentioned tne need f o r  checkdains, l a t e r a l  terra-ces, a d  re- 
f o r e  s t a t ion ,  including continued main tenmce. 

Terrace and Contour Trench I n s t a l  l a t i o n  

A Czechoslovakian s t a t e d  t h a t  the sole f e a s i b l e  ixems of reducing 
f lood peaks on mountain streams was t h e  use o f  f o r e s t ,  p lant ink bare slopes 
where water r e t e n t i v e  capacity nas been l o s t  and xhich are  exposed t o  the  
danger of erosion. He described the  use of stone dwls and wat t l e  
revetment and 2lant ing f o r  channel stezbilization. An I t a l i a n  recommended 
contour t e r r a c e s  from l$ t o  4& f e e t  wide, naving inward slopes of 30 per- 
cent t o  c o l l e c t  l i t t e r  and debr is  from above, wi th  the s o i l  loosened t o  a 
f o o t  depth t o  promote p lan t  growth, p r i o r  t o  re fo res t ing  denuded slopes 
i n  dry areas. Some 2000 l i n e a l  f e e t  of t e r r a c e  a re  needed per acre on t h e  
average, with the  t e r r a c e s  from 16 t o  20 f e e t  apar t ,  On 'cadly eroded s o i l s  
i n  t h e  Southern Sta tes ,  where condit ions do not permit e f f e c t i v e  use of 
checkdams, it has been mentioned t h a t  t renches dug 1% f e e t  deep and 1$ f e e t  wide 
may be subs t i tu ted  s a t i s f a c t o r i l y .  These trenches should be a t  r i g h t  angles 
t o  and across drainage channels, and excavated s o i l  mater ia l  should be p i l e d  
on t h e  lower s ides .  A s  the trenches become f i l l e d  with loose outwash mater- 
i a l s ,  they provide p lan t ing  s i t e s  f o r  t r ees .  

In Utah, recommendations f o r  s t a b i l i z i n g  s o i l  and control l ing  runoff 
on f lood source areas  included the  use of contour trenches 25 f e e t  &par t .  
The trenches are  b u i l t  x i t h  cross  checks a t  20- t o  40-foot in te rva l s ,  t o  
break up t h e  gu l ly  system, impound ra in ,  and create  s o i l  moisture ccndi- 
t i o n s  favorabl  e t o  p lan t  establishment. Treated areas  a re  tnen broadcast 
seeded with grass  and closed t o  grazing. ldore spec i f i c  recommendations 
developed from another study cal l e d  f o r  cu t  and f i l l  s lopes of 1&:1 i n  the  
contour t renches  and digging t h e  trenches 1% f e e t  deep and a f o o t  wide 
on s lopes  t o  40 percent.  Trenches of g rea te r  capacity were needed on areas  



of l e s s e r  slope but  wi th  excessive snow melt ,  On slopes from 40 t o  65 
percent  it wus found t h a t  t rench cut  2nd f i l l  s lopes should be 1:l. 
Water checks four inches lower on t o p  than tne outer  dike o r  t h e  t r ench  
were found necessary; v i t h  d m s  t o  t i e  t o p  of the t r ench  dikes  then end- 
ing trenches a t  gu l l i e s .  Tractors were used on easy slopess but  on steep- 
e r  slopes horses and plows were needed t o  bu i ld  the  trenches, which were 
then f in i shed  by hand labor, Trenches were seeded i n  early spring, o r  
t ransplanted t o  f o r e s t  t r e e s  and shrubs i f  i n  f o r e s t  o r  chaparral  areas.  

Road Erosion and Drain+'y,e Control 

About road construction, r epor t s  on a North Carolina study show t h a t  
ca re fu l  road planning a ~ o i d s  heavy c u t t i n g  an4 leaves t h e  bunks sloped 
back ready f o r  the  n a t u r a l i z a t i o n  treatment. G ~ o d  drainagc i s  necessary, 
with heaclwalls a t  cu lve r t  i n l e t s  and aprons a t  autlets. Top s o i l  should 
be stockpiled a s  the  road i s  b u i l t ,  o r  obtained f o r  o l d  banks by rounding 
off t h e  upper shoulder; then raked down over the  banks. The l imi t ing  f ao- 
t o r s  f o r  p l a n t  growth on road banks are s o i l  i n s t a b i l i t y ,  s o i l  moisture 
deficiency, and inadequate s o i l  f e r t i l i t y .  

Bio s t  successful  operat ions i n  t h i s  study included resloping banks 
vrhere necessary, t o  blend - d t h  the na tu ra l  topography, sca r i fy ing  t h e  bank 
surface, and applying a p ro tec t ive  weed mulch held d o m  by poles and stakes. 
On slopes of l e s s  than l&:1 a l i g h t  mulch alone was adequate t o  promote 
n a t u r a l  p l a n t  growth. On steep ( l 5 : l )  dry slopes, s tep  t e r r a c e s  wi th  a 
t-no-inch top-soil  dress ing and a heavy mulch xe re  needed 7;rith t h e  slope 
screened by t r e e s  planted below or v ines  planted above. 

The nulch cut  down frost-heaving s o i l  loss,  furnished shade, and pro- 
vided catchment f o r  seeds. Heeds cu t  f o r  mulch i n  the f8.11 usual ly  fu r -  
nished t h e i r  own seed supply. Ryegrass, orchard grass, bent  grass, and 
blue  grass  were found useful  f o r  seeding t o  form a sod. Seed was applied 
a t  i: r a t e  of 20  t o  30 pounds pe r  acre, r i g h t  onto the  mulch i n  wet weather. 
Stakes txo f e e t  long were s e t  a foo t  and a half  i n  the  ground and two f e e t  
apar t ;  then a mulch of both f i n e  and coarse weeds was l a i d  out bvo t o  four  
inches deep; and f i n a l l y  poles  were placed r e s t i n g  aza ins t  t h e  upper s ides  
of t n e  s takes  t o  hold t h e  mulch i n  place. 

In  Cal i fornia ,  ins tead of overcasting, end-hauling excess mate r i a l  t o  
basins above f i l l s  was recommended, with drop-inlet  cu lve r t s  used f o r  
drainage. Retaining w a l l s  of na t ive  rock or cribbing of concrete o r  metal 
were s t a t e d  as  useful  t o  hold f i l l  s lopes and cut  banks t o  reduce over- 
cast ing.  It w a s  recommended t h a t  top s o i l  be held to  spread on top of 
f i  11 slop es and end-haul p i l e s .  Frequent road drainage was considered 
necessary; with cu lve r t s  dra in ing onto rock slopes o r  i n t o  n a t u r a l  channels, 
by flume (metal ha l f -culver ts )  i f  needed. Large cu lve r t s  which do not  
r e a d i l y  plug with debr i s  were specif ied.  I n s t a l l a t i o n  of drainage on the  
upgrade s ide  of a l l  deep cu t s  was recommended t o  avoid blocking drainage 
by s l ides .  



Specif ica t ions  included t r e a t i n g  f i l l  slope s by srrmothing the  surf ace, 
providing mechanical anchorage tnrouzh contour t renchin: or  wa t t l ing  and 
staking, sowing grasses or quick-gro~ving annual herbs, and by plant ing 
s u i t a b l e  t r e e s  mil shrubs ( inc luding cu t t ings  of sproutin:, species) .  Wat- 
t l i n g  involves packing an3 p s r t i a l l y  buryin:; brush in contour rows above . 
sra&?portin;; stakes. Sprouting shrubs or t r e e s  are  des i rable  f o r  s takes+ 
Breaklovuns i n  the  trehtrnent ineasmes were required t o  b e  repaired a s  soon 
a s  possible.  This treatment was used f o r  repai r ing erosion dainage on the  . 
Palomar Nountain road, and though' road c o s t s  ;:ere increased ~ b o u - t  20 per- 
cent  it was pointed out  t h a t  t h e  cos t  would have been much l e s s  1?1;d the  
erosion-control work been lone at tile time of t h e  or ig ind l  road construction. 

In Summary 

The bas ic  p r i n c i p l e  i n  jvatershed management and i n  erosion and runoff- 
con t ro l  t reatments i s  n ice ly  s u ~ ~ n a r i z e d  by Shantz, He concludes t h a t  fo r -  
e s t  and the  condition of tile s o i l  surface profoundly influence the  micro- 
clJmate and t-kt i s  what immediately a f f e c t s  the  growing plant ,  and t h e  
animals and people t h a t  l i v e  i n  aregion.  E l l i son  i n  considering -iatershed 
r e s t o r a t i c n  says that nois tu re  near the  s o i l  surface s.nJ s o i l  i n s t a b i l i t y  
a r e  importat f a c t o r s  i n  e q l a i n i n g  associa t ion of new p l a n t s  x i t h  estab- 
l i shed  vegetat ion end absence of new p l a n t s  in+ openings. Temperature i s 
l e  s s  extreme under vegetat ion,  f r o  st-lzeavin; of *it:le s o i l  i s  l e  s s  common, 
and moisture i n  the su r f  ace s o i l  persi  s t s  lonycr, Tie favorable influence 
of vegetat ion on rnicroenvironncnt otttl~eigiis i t s  inflxence i n  corripetition; 
associa t ion i s  more marked LS exposed bare spaces are ixore eroded, o r  more 
unstable, o r  a s  current  r a i n f a l l  i s  more de f ic ien t .  

IV, LOCAL OBSE?VATIOMS AND K~S0~~ZX~~3.A1I'IO~JS 

Logging Prac t i ces  

Recent observations i n  t h i s  region bring o u t  c e r t a i n  po in t s  with re-  
spect  t o  watershed managemente Though the problems of the west-side 
Douglas-fir codntry with respect  t o  s t rean flow and erosion may not be as 
obvious a s  those of t h e  eas t -s ide  ponderosa pine, they do e x i s t  and they 
a r e  serious,  More and more demand i s  being made on the  water of our west- 
s ide  streams, f o r  domestic use, f o r  industry, and f o r  i r r iga t ion. ,  Kore 
and more concern i s  being expressed by the water use r s  as t o  poss ib le  
harmful e f f e c t s  of timber ktrzrvest on t n e i r  uatersileds, I t  i s  as much our 
job t o  provide a continuing supply of clean usable water a s  it i s  t o  .pro- 
vide a continuing supply of timber, The two jobs a r e  compatible. 

Opening up the f o r e s t  by timber harvest  may increase  somewhat the  
t o t a l  water y i e l d ,  But a t  the  same t h e ,  2 ro tec t ing  the  streams agains t  
sediment damage requ i res  control  of t h e  harvest ing job, There are cases 
of going timber sa les ,  v i s i t e d  l a s t  y?ar, where access roads and skid 
t r a i l s  followed along o r  i n  na tu ra l  chmnels ,  wilere logs  were skidded 



ac ross  channels, where excavated s o i l  and rock from the  roads and s l a s h  
and c u l l s  from t h e  logging were dumped i n t o  flowing streams, where  logging 
on t h e  s teep  stream-bank s lopes  opened up eroding scars ,  where burning 
a f t e r  t h e  logging has denuded stream banks and cont r ibuted  more d e b r i s  t o  
t h e  channels, 

P ro tec t ion  can be provided. Burning can be con t ro l l ed  along t h e  
streams, Removal of  t imber on s teep  stream banks i s  o f t e n  an unrewarding 
o r  even c o s t l y  part of  a logging job, p a r t i c u l a r l y  a r e  t h e  site i s  poor 
and t h e  s tand  low i n  volume; it need not be done along many reaches. Cut- 
t i n g  a r e a s  should be located away from ohannels above such a reas  where 
t h e  s lope i s  steep enough t n a t  erosion dwriage w i l l  s u r e l y  fo l low lagging. 
Use of s t eep  cros  s-contour sk id  t r a i l s  should be avoided, as should skid- 
ding a c r o s s  channels,  h p i n g  s lush  a d  roud debr i s  i n  channels should 
be prohib i ted ;  a s  t h e  channel cleanup no'sr r equ i red  i s  n o t  always done, and 
i s  d i f f i c u l t  t o  do without  s e r i o u s l y  d i s t u r b i n g  the  channels. S t a t e  for -  
e s t  p r a c t i o e  r egu la t ions  a l s o  bear  an this  point,^/ which i s  important t o  
water  supply p o l l u t i o n  and t o  spawning ;;rounds and feeding  condi t ions  f o r  
t r o u t  and salmon, 

S o i l  d is turbance  i s  r e l a t e d  t o  t h e  s i z e  of equipment used. Skid- 
t r a i l  compaction l eads  t o  r ap id  runoff and gul lying, '  and a l s o  a f f e c t s  t h e  
s i t e  f o r  growing a new t imber crop, mere small equipment can handle a 
logging job, it should be spec i f ied ;  a s  the l a r g e r  and heavier  equipment 
inc reases  f o r e s t  f l o o r  d is turbance  and s o i l  compaction. To ta l  length  of 
roads and sk id  trails should be he ld  t o  a minimum,  o r  at  l e a s t  be balanced 
a g a i n s t  the necessary amount o f  use expected, In some i n s t w  oes it may be 
better, because o f  i n s t a b i l i t y  of t he  s o i l ,  t o  have more sk id  t r a i l s  b u t  
l e s s  use on each. ??here m i l s  a r e  uns table  and r e a d i l y  eroded, c a r e  must 
be taken t o  avoid deep gouging i n  t h e  sk id  t r a i l s .  In some a r e a s  the  s o i l s  
a r e  so uns t ab le  t h a t  any logging by p resen t  methods i s  hazardous from t h e  
e ros ion  anci stream sedimentat ion s tandpoint .  

A c e r t a i n  amount of  damage cannot be avoided; bu t  it can be cor rec ted .  
When t h e  logging job i s  f in i shed ,  skid t r a i l s  can be  seeded with g r a s s  t o  
hold t h e  s o i l ,  On s t eepe r  s lopes,  water  bars o r  checks t o  d i v e r t  dra inage  
and ca t ch  eroded m a t e r i a l s  are o f t e n  des i r ab le ,  These checks should be 
l a r g e  enough t o  con t ro l  druinage f low completely, and should d i v e r t  it 
s a f e l y  t o  t h e  s i d e . i n  p l aces  where it w i l l  n o t  cause more erosion.  Brush 
alone does n o t  make a good check, If a bul ldozer  i s  used t o  p i l e  up e a r t h  
checks i n  t h e  sk id  t r a i l s ,  the machine should work backwards up t h e  s lope 
and r e t u r n  by a d i f f e r e n t  route ,  t o  avoid smashing down t h e  c r e s t s  of t h e  
b a r r i e r s  a l ready b u i l t ,  

1/ O r e 9 n  F i s h  and Game Code, Sec t ion  39-603, Oregon Code Supplement 1935; 
Oregon Fish and Gslne Code 1930, Sec t ions  14-8-100 and 14-8-111; 
Oregon Commercial F i s h e r i e s  Code, 1949-50, Sec t ion  59(a) ; 
Oregon compiled Laws Annotated, 1941, A r t i c l e  1, Sect ion  116-1101. 
S t a t e  of :Vashington, Lans of 1945, Chapter 216, Sec t ion  14. 
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Throwing logging s l a s h  i n t o  s k i d  t r a i l s  on p a r t i a l l y  cu t  a r e a s  has 
been recommended, and g ives  some p r o t e c t i o n  t o  t h e  sk id  t r a i l  s o i l  a s  we l l  
a s  serv ing  t o  reduce s l a s h  uccwnulation. S l a sh  accumulations i n  channels  
oan be avoided by leaving  p r o t e c t i o n  s t r i p s  equal i n  width t o  the  average 
s tand  heiyht ,  o r  by f e l l i n g  t r e e s  t o  drop away from the channels, I 

Advance planning of a l l  phases of a timber s a l e  and logging job makes 
it e a s i e r  t o  avoid water problems* Access roads and landings can be loca ted  
up o u t  of  t h e  channels. Necessary c h a m e l  c ross ings  can be designed t o  
minimize stream disturbance.  The c u t t i n g  pa t t e rn ,  f o r  t h e  p resen t  and f o r  
t h e  f u t u r e ,  can be l a i d  o u t  so t h a t  ' ' i rea t  changes are not  made i n  any one 
watershed u n i t  a t  any given time. Size of c u t t i n g  a r e a  can be r e l a t e d  t o  
topography, s o i l  condit ions,  and stream f l o x  regime. Logein$ methods, type 
of equipment, and l i m i t s  on s i z e  of equipment can be spec i f i ed  f o r  t ime and 
p lace  according t o  t h e  d i c t a t e s  of t imber s i ze ,  s o i l ,  and slope. 

Many o f  t hese  p o i n t s  apply a l s o  t o  the eas t -s ide  ponderosa p ine  coun- 
t r y .  Because t h e  s tands  are  rnore open a d  l i ves tock  a r e  grazed over many 
of the pine  f o r e s t s ,  reseeding w i t h  g ras s  i s  much inore use fu l  t o  provide 
cover f o r  a r e a s  bared by logging and turn ing .  G j e r t s o n  reco:mends seeding 
on any ground. t h a t  i s  t o t a l l y  denuded, using timothy, orchard grass ,  smooth 
brome grass ,  and t a l l  o a t  grass.  Seeding should be done ~ i t h i n  a year of 
t h e  time t h e  ground i s  d is turbed;  ahd it i s  des i r ab le  t o  use a mixture t o  
provide spec ie s  adaptable t o  a v a r i e t y  of s i t e s ,  Some con t ro l  of grazing 
i s  needed t h e  f i r s t  season a f t e r  seeding t o  permit  the g ras s  t o  become 
es tab l i shed .  

Road Con s t r u c t i o n  

Erosion and sedimentation problems a r i s i n g  from road cons t ruc t ion  o f t e n  
go back t o  the  road loca t ion .  A s  has been mentioned, bu i ld ing  roads away 
from channels w i l l  save cons iderable  t r o u b l e  i n  t h e  streams. Where poss ib l e  
roads should be loca ted  on t h e  most s t a b l e  geologic formations. It may n o t  
be poss ib l e  t o  determine s t a b i l i t y  of t h e  rock s t r u c t u r e  i n  advance; b u t  
there a r e  o f t e n  some i n d i c a t o r s  a t  t h e  gxound sur face ,  such as  seeps, natu- 
ral  s l ides ,  t a l u s  l a y e r s  on t h e  s lopes,  and outcrops  o f  c l a y  l aye r s .  O r  
roads  may h a v e 4 0  be loca ted  i n  uns table  a r e a s  because of cons idera t ions  of  
topography, etc. However, s l i d e  and drainage d i f f i c u l t i e s  can be avoided 
o r  minimized by thorough advance planning. Road g rad ien t  and s t r a i g h t n e s s  
oan be compromised so t h a t  c u t  and f i l l  may be he id  t o  t h e  minimum on un- 
s t a b l e  s i t e s .  Overcast ing can be planned f o r  l o c a t i o n s  where t h e  excess  
ma te r i a l  w i l l  n o t  f e e d  sediments t o  stream chmnels .  Long s t r e t c h e s  of uni- 
form grade tha t  permit  drainage t o  concent ra te  and gather  volume and veloc- 
i t y  must be avoided. 

Drainage from roads should be l ed  o f f  a t  f r equen t  i n t e r v a l s  t o  avoid 
l a r g e  concentrat ions;  and c u t  banks should be sloped so t h a t  t h e y  w i l l  no t  
s l i p  and p lug  drainage d i tches .  Cross d r a i n s  should be see  on a slope 



great enou-.,h t o  yrovide f r e e  flow and prevent  accumulation of sediment* 
s l i - , h t l y  r a i s e d  humps on both  s i d e s  of  c ross  d ra ins  ~~~511 permit  t r u c k s  t o  
r i d e  over them ~ ~ i t h o u t  smashing them down; and s h o r t  lengths  of p ipe  used 
a s  spreaders  w i l l  keep t k e  d ra ins  open a t  t h e  top so t h a t  t h e y  can r s a d i l y  
be cleaned out  w i th  a hoe, Culver t  i n l e t s  should be  paved, o r  have head- 
wal ls .  Culver t  outlet* ~ e e d  aprons of  logs  o r  rocks or  concrete  o r  metal  
t o  break up and d i s t r i b u t e  water  flow un les s  they f eed  d i r e c t l y  i n t o  natu- 
r a l  channels. Culver t s  must be l a rge  enough t o  c a r r y  t h e  increased  f low 
nnd the sediment and d e b r i s  loud t h a t  may be expected af ter  t h e  logging 
opera t ion ,  Camon c u l v e r t s  that shoot dra inaze  o u t  t o  f a l l  on unprotected 
fill slopes n e a r l y  always l kud  t o  a c t i v e  gul lying,  and should n o t  be used. 
Open d ra ins  domn f i l l  s lopes  need adequate inlet p r o t e c t i o n  t o  prevent  
fo rna t ion  of g u l l i e s  beside the dra ins ;  metal i n l e t  t r o u j h s  a re  e x c e l l e n t  
f o r  t h i s  purpose, \There poss ib le ,  d ra ins  should be i n s t a l l e d  upgrade from, 
ru ther  than  on, the f i l l  s lapes ,  

There a r e  o t h e r  p o i n t s  t o  watch i n  road cons t ruc t ion ,  Wnere t h e  
m a t e r i a l  i s  ava i l ab le ,  it i s  des i r ab le  t o  use heavy rock t o  s t a b i l i z e  the 
t o e s  of f i l l  s lopes  and prevent  slumping. Tne rock stloulj. be pu t  i n  
f i r s t p  a s  t h e  lowermost p a r t  of t h e  f i l l ,  It  .helps f i l l  drainage, i n  
add i t ion  t o  anchoring t h e  f i l l  , nc t e r i a l ,  P lac ing  c u l v e r t s  i n  drtsinaga- 
ways under f i l l s  should be t h e  f i r s t  s t e p  i n  f i l l  construct ion,  with t h e  
c u l v e r t s  l a i d  o u t  on t n e  n a t u r a l  drainage gradient ,  

General Statement 

Grazing problems have n o t  been accented here,  They are a l r eady  w e l l  
out l ined ,  and con t ro l  measure s have been pre scribed by numerous author i -  
t i e s ,  Programs a r e  now under ~ a , y  t o  improve ranse  condit ions,  both from 
t h e  forage  s tandpoint  and from the tvatershed stsindpoint, There i s  a much 
g r e a t e r  need f o r  cons idera t ion  of  our  t imber harves t  from t h e  watershed 
standpoint ,  I t  i s  up t o  t h e  l o ~ a l  a ~ h i n i s t r a t o r  t o  watch f o r  t h e  problems 
t h a t  develop on his area, t o  a n t i c i p a t e  and prevent  t h e i r  occurrence where 
poss ib le ,  am3 t o  apply co r rec t ive  t rea tment  a s  needed* It i s  t h e  purpose 
o f  t h i s  paper t o  f u r n i s h  a guide f o r  such observa t ion  and t rea tment*  

As you look over  t h e  a r e a s  and jobs f o r  t h i c h  you a r e  respons ib le ,  
you m y  see  tvhwe improvements i n  p resen t  p r a c t i c e s  can be made, Re would 
like t o  have your suggestions, as we do not  have much background t o  fur-  
n i s h  d e t a i l e d  advice f o r  t'ne va r ious  problems of t h i s  region,  In pa r t i cu -  
l a r ,  we need your help i n  f i n d i n g  n a t i v e  herb ;nd shrub spec ies  t h a t  may, 
by reason o f  growth h a b i t  and roo t in?  c h a r a c t e r i s t i c s ,  be adapted t o  s o i l  
s t a b ? l i z a t i o n  and erosion-control  work, You can a l s o  help by o u t l i n i n g  
t h e  problems i n  watershed management t h a t  are f a c i n g  you, and by recornmend- 
ing  them t o  u s  f o r  s tudy as our  f o r e s t  inf luences  r e sea rch  g e t s  under way. 



V, THE WXTE3 CROP 

To give you an idea of the water production f r o n  national forests ,  a 
tab le  on discharge of some of our streams i s  included. These records are  
taken from the U. S. Geological Survey ?Nater Zupply Papers. blast of the  
water flowing i n  these streams i s  produced on tLie national fores t s ;  us you 
can see, it i s  a sizeable crop. It i s  a1 so a valuable one; California would 
undoubtedly be clad t o  buy it a t  two dol la rs  an acre-foot! 

'HtrTm YIELD OF SOZE STREAKS ~ E I  I N I N G  ISAT IONiiL FORBST ';'JAciTERSLSElDS 

Average Maximum biiniinum Average Yearly 
Drainage Yearly Yearly Yearly Yield Per 

Stream Area Flow Flow Flow Square Kile 
Total Inches 

Name - Square Xiles Acre-feet Acre-feet Acre-feet Acre-feet Depth 

Rogue 2,020 1,980,500 2,988,000 839,000 980 18 

PT. Umpqua 1,210 2,257,000 3,101,000 1,360,000 1,860 35 

S i l e t z  204 1,204,000 1,610,000 715,000 5,900 110 

Santiam 665 2,344,000 3,180,000 1,570,000 3,520 66 

Clackamas 665 1,885,000 2,680,000 1,340,000 2,830 53 

Deschutes Undetermined: 2,995,000 3,744,000 2,600,000 -- -... 
large springs 
a t  source s. 

John Day- 1,640 235,000 434,300 90,100 140 3 

Powder 230 77,500 127,000 29,220 330 6 

Cowlitz 1,170 3,726,000 5,216,000 2,210,000 3,180 60 

Snoqualmie 605 2,663,000 3,760,000 1,800,000 4,400 8 2  

Skagit 2,700 10,428,00014,290,0007,060,000 3,860 72 

Quinault 264 1,960,000 2,640,000 1,290,000 7,420 139 

Yak i m a  500 1,369,000 2,026,000 861,000 2,740 51 

Znt iat 419 356,000 585,000 199,000 8 50 16 

Me thow 1,330 852,000 1,509,000 339,000 640 1 2  
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Recommended f o r  General Reading 

J Here are half  a  dozen t i t l e s ,  ranging fron rr textbook t o  a  shor t  
rnagazine a r t i c l e ,  which snould be f a i r l y  access ib le  to you, They w i l l  
serve to broaden your k n a a l e d ~ e  of tho 2 r i n c i p l c s  of 7iatershed mmage- 
merit, a d  they n i l 1  provide i n t  erestin;;  re*%lin;,. 
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