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INCREASES I N  S AFTER SLASH 

BUR 

on a day in JuZ 

bing changes i n  maximum water  te  
p e r a t u r e  was prepared 
was burned on a 237- e a r c u t  watershed i n  t h e  H. J .  Andrews 
Experimental  Fores  p r e sen t  r e p o r t  summarizes changes t h a t  
occurred i n  ma eam temperatures  dur ing  t h e  f i r s t  yea r  a f t e r  
t h e  s l a s h  was . Although s l a s h  may b e  l e f t  unburned o r  o t h e r  
methods used i s p o s e  of t h i s  was te  m a t e r i a l ,  b roadcas t  burning 

ill t h e  commonest method f o r  s l a s h  d i s p o s a l  a f t e r  logging.  
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THE STUDY 

The c l e a r c u t  watershed was logged dur ing  1962 t o  1966. Logging 
s l a s h  was b roadcas t  burned i n  October 1966 ( f i g .  1 ) .  Weather con- 
d i t i o n s  were f a v o r a b l e  f o r  burn ing ,  and v i r t u a l l y  a l l  t h e  smal le r  
s l a s h  and unders tory  v e g e t a t i o n  was consumed by t h e  f i r e .  A f t e r  t h e  
s l a s h  f i r e ,  l a r g e r  l o g s  remaining i n  t h e  lower t h i r d  of t h e  main 
s t ream channel  were hand c l ea r ed  from t h e  immediate streambed ( f i g .  2),  
l e av ing  t h e  s t ream channel  exposed t o  d i r e c t  s u n l i g h t .  

Figure 7 .  - Clearcut wa tershed after slash Figure 2. -Stream channel after slash burning 
burning, H. J. Andrews Experimental Forest. and hand clearing, H. J. Andrews Experimental 

Forest. 

The c h a r a c t e r i s t i c s  of t h i s  and two o t h e r  watersheds being 
s tud i ed  on t h e  H. J .  Andrew Experimental  Fo re s t  a r e  covered i n  
d e t a i l  by Rothacher e t  a 1  .zl The watersheds o r i g i n a l l y  supported 
a dense  s t and  of old-growth Douglas-f i r  f o r e s t  on s t e e p  northwest-  
f a c i n g  topography. Wet w i n t e r s  and d ry  summers a r e  t y p i c a l  on t h e  
west s l o p e s  of t h e  Cascade Range of Oregon. Summer a i r  temperatures  
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Hydrologic and r e l a t e d  c h a r a c t e r i s t i c s  of t h r e e  sma l l  watersheds i n  
t h e  Oregon Cascades. USDA F o r e s t  Serv.  P a c i f i c  Northwest F o r e s t  & 
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occas iona l ly  exceed loo0 F. Average maximum a i r  temperature  i n c r e a s e s  
from 80° F. i n  June t o  93' F. i n  J u l y  and August and drop aga in  t o  
74' F. i n  September. The average numbers of f u l l  sunny days f o r  June,  
J u l y ,  August, and September a r e  18, 24, 20, and 21, r e s p e c t i v e l y .  
Most of t h e  a r e a  is  below 3,000 f e e t  i n  e l e v a t i o n  and gene ra l l y  re- 
ce ives  t h e  major p o r t i o n  of t h e  annual 90 inches  of p r e c i p i t a t i o n  a s  
r a i n .  

Although t h e  narrow stream channels  have been c u t  t o  bedrock 
along most of t h e i r  l eng th ,  t h e  rock,  under undis turbed f o r e s t  con- 
d i t i o n s ,  is  gene ra l l y  covered wi th  a t h i n  veneer of g r a v e l ,  woody 
d e b r i s ,  and vege t a t i on .  High win te r  f lows ,  which may occas iona l ly  
exceed 50 cubic  f e e t  per  second ( c . f . s . ) ,  drop t o  under 0.05 c . f . s .  
i n  la te  summer. Although t h e  streambed g rad i en t  is  s t e e p  and con ta in s  
sha rp  rises which o b s t r u c t  f i s h  passage, t r o u t  a r e  found i n  t h e  lower 
reaches  of some of t h e  s t r e a m s - i n  t h e  a r e a .  Downstream o b s t r u c t i o n s  
exclude anadromous f i s h .  

Weekly maximum and minimum water  temperatures  have been recorded 
a t  t h e  gaging s t a t i o n  a t  t h e  mouth of each experimental  watershed 
s i n c e  1959, a per iod  inc luding  both  be fo re  and a f t e r  ha rves t i ng  con- 
d i t i o n s .  Beginning i n  October 1966, water  temperatures  were recorded 
hourly on punched tape .  Weekly maximum water  temperatures  were 
determined from t h e  hour ly  d a t a .  

Data on water  temperature  i n c r e a s e s ,  based on a l i n e a r  r e g r e s s i o n  
r e l a t i o n s h i p  computed between two watersheds whi le  bo th  were undis- 
tu rbed ,  i s  shown i n  f i g u r e  3.  This  r e l a t i o n s h i p  permi ts  p r e d i c t i o n  
of water temperatures  on one watershed from temperatures  measured on 
t h e  o the r .  A f t e r  one watershed was modified (logged and burned i n  
t h i s  c a s e ) ,  measured water  temperatures  were compared wi th  pred ic ted  
temperatures  based on a s t i l l  undis turbed c o n t r o l  watershed. 

Standard e r r o r  of t h e  e s t ima te  f o r  t h e  a f te r -burn ing  r eg re s s ion  
was 3.3' F. ,  cons iderab ly  h igher  than  t h e  e r r o r  of 1.3' F. f o r  t h e  
before-logging r eg re s s ion .  S ince  s t ream temperature  i s  c o n t r o l l e d  
p r imar i l y  by d i r e c t  s u n l i g h t ,  t h e  increased  v a r i a t i o n  i n d i c a t e s  
g r e a t e r  f l u c t u a t i o n  i n  s o l a r  r a d i a t i o n  rece ived  by t h e  s t ream i n  t h e  
burned watershed. The shaded, unlogged s t ream r e c e i v e s  more n e a r l y  
t h e  same amount of r a d i a t i o n  on a b r i g h t ,  sunny day as on a cloudy 
day. 

F igure  4 p r e s e n t s  t h e  average maximum temperatures  measured t h e  
yea r  fol lowing burning and a p red i c t ed  curve  of temperatures  t h a t  
would have been expected had t h e  watershed n o t  been logged o r  burned. 



DEGREES FAHRENHEIT -h 

WATER TEMPERATURE, BURNED WATERSHED (degrees F.) 



Average maximum water  temperatures  were h ighes t  dur ing  June, J u l y ,  
and August, 67', 73O, and 7Z0 F., r e s p e c t i v e l y .  This  is  a n  i n c r e a s e  
of 13', 14O, and 12' F. over t h e  p red i c t ed  average of 54O, 5g0, and 
60' F. f o r  t h e  same per iod .  

The maximum water  temperature  t h a t  had been recorded i n  t h e  burned 
watershed be fo re  logging was 65O F. On June 15, t h e  f i r s t  year  fol lowing 
s l a s h  burning,  water  temperatures  i n  excess  of 65' F. began occur r ing  
and, except  f o r  6 cloudy days,  cont inued d a i l y  u n t i l  September 22, a 
t o t a l  of 86 days.  The average d u r a t i o n  of temperatures  over 65' F. 
was 10.2 hours  per  day. T o t a l  number of hours  a t  66O F. and above was 
889. The maximum temperature  a t t a i n e d ,  75O F. ,  p e r s i s t e d  f o r  3 hours  
on J u l y  3 ,  1967, du r ing  a ve ry  warm per iod  when maximum a i r  temperatures  
v a r i e d  from 97' t o  107' F. T o t a l  number of hours  f o r  water  temperatures  
from 66' t o  75O F. a r e  presen ted  i n  f i g u r e  5. 
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Figure 5.-Total number of hours of high water temperatures ( 6 6 O  to 
75" F.) during the first year following slash burning on the H. J. 
Andre ws Experimental Forest. 

The l o n g e s t  per iod  of temperatures  cont inuous ly  above 65' F. was 
17  hours .  This  occurred s e v e r a l  t i m e s  dur ing  e a r l y  Ju ly ,  beginning 
about  9 o ' c lock  i n  t h e  morning and l a s t i n g  u n t i l  1 o r  2 o ' c lock  i n  
t h e  morning of t h e  next  day. Temperature would then  drop t o  62' t o  
64' F. and begin  r i s i n g  sha rp ly  when s u n l i g h t  aga in  reached t h e  water  
s u r f a c e .  



DISCUSSION 

Data from t h i s  and o the r  s t u d i e s  c l e a r l y  i n d i c a t e  t h a t  t h e  water 
temperature regime may be  changed when timber harves t  removes t h e  
shade provided by s treamside vegeta t ion .  Temperature inc reases  a r e  
d i r e c t l y  r e l a t e d  t o  t h e  amount of shade removed and t h e  su r face  a r e a  
of s t ream exposed t o  d i r e c t  sun l igh t .  This  is due pr imar i ly  t o  t h e  
energy inc rease  c rea ted  when t h e  low-intensi ty,  d i f f u s e  l i g h t  of a 
s t ream under t h e  f o r e s t  i s  changed by canopy removal t o  d i r e c t  s o l a r  
r a d i a t i o n .  

Surviving understory shrub vege ta t ion  and logging d e b r i s  ad jacent  
t o  a s t ream may provide shade which w i l l  cushion t h e  s o l a r  r a d i a t i o n  
impact a f t e r  canopy removal and l e s s e n  t h e  r i s e  i n  stream temperature. 
A s  repor ted  i n  t h e  previous no te  ( see  foo tno te  l ) ,  c l e a r c u t  logging 
increased maximum water temperature only 4' F. a f t e r  a l l  merchantable 
logs  had been removed bu t  before  s l a s h  burning and stream c learance .  
I n  a patch-cut watershed, no s i g n i f i c a n t  i nc rease  i n  maximum water 
temperature was recorded a f t e r  logging u n t i l  a d e b r i s  s l i d e  i n  a sec- 
t i o n  of t h e  channel destroyed a l l  s t reamside vegeta t ion .  The r e s u l t i n g  
exposure t o  d i r e c t  s o l a r  r a d i a t i o n  caused inc reases  of 12O F. i n  t h e  
s tream's  temperature. 

Burning, which removes a l l  p r o t e c t i v e  s tream cover ,  a l s o  inc reases  
s o l a r  r a d i a t i o n  on t h e  stream, causing a marked rise i n  water tempera- 
t u r e .  Maximum water temperature inc reases  recorded i n  t h i s  s tudy corn- 
pare  c l o s e l y  wi th  those measured i n  t h e  Oregon Coast Ranges .)/ After  
t h e  175-acre c l e a r c u t  Needle Branch Watershed was burned, Brown and 
Krygier found t h e  mean-monthly maximum water temperatures were 70°, 
71'. and 72' F. during June, Ju ly ,  and August. These temperatures 
were 14O F. above those  i n  t h e  ad jacent  unlogged watershed. On t h e  
H. J. Andrews Experimental Fo res t ,  t h e  af ter-burning inc reases  i n  
water temperature were 13O, 14O, and 12O F. f o r  t h e  same months. 

Temperatures of small  streams respond very quickly t o  s o l a r  
r a d i a t i o n .  Brown and Krygier,  i n  d iscuss ing  temperature change pro- 
ces ses ,  pointed ou t  t h a t  exposure of t h e  s tream su r face  t o  d i r e c t  
s o l a r  r a d i a t i o n  is  t h e  p r i n c i p a l  cause of high water temperature. I n  
t h e  s tudy on t h e  H. J.  Andrews Experimental Fo res t ,  water temperature 
began t o  inc rease  immediately a f t e r  s u n l i g h t  reached t h e  water su r face  
i n  t h e  morning and t o  coo l  aga in  a s  soon as d i r e c t  sun l igh t  l e f t  t h e  
water  su r face  i n  t h e  af ternoon.  Although g r e a t e r  exposure of t h e  
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s tudy  stream a f t e r  t h e  s l a s h  was burned d r a s t i c a l l y  increased  t h e  
maximum s t ream temperatures ,  t h e  d u r a t i o n  of t h e  h ighes t  temperatures  
was r e l a t i v e l y  s h o r t .  The maximum temperature  of 75' F. p e r s i s t e d  
f o r  on ly  3 hours.  Water temperatures  above 65O F. ,  t h e  prelogging 
maximum, p e r s i s t e d  f o r  17 hours  s e v e r a l  t i m e s  i n  J u l y .  

During June through September, water  temperature  i n  t h e  burned 
watershed was above 65' F. f o r  889 hours .  Thus, t h e  s t ream exceeded 
t h e  prev ious ly  recorded maximum of 65' F. ,  measured be fo re  logging 
and burning,  f o r  30 percent  of t h e  t ime dur ing  t h e  summer per iod ,  o r  
about  10 pe rcen t  of t h e  t o t a l  t i m e  dur ing  t h e  year .  Water temperature  
d i d  drop below t h e  preburning maximum each n i g h t .  Dai ly  minimums were 
64' F. o r  below, averaging 60.8' F. dur ing  t h e  June through September 
per iod . 

The l a r g e  i n c r e a s e s  r epo r t ed  i n  t h i s  s tudy  may n o t  be  a s  g r e a t  
i n  downstream a r e a s ,  A s  a consequence of t h e  patch-cut logging system 
used i n  t h e  P a c i f i c  Northwest, s t reams from f o r e s t e d  areas mingle wi th  
those  from exposed a r e a s  and f low i n t o  l a r g e r  s t reams,  thus  d i l u t i n g  
t h e  warmed water .  Also, water  c o o l s  some as i t  passes  from an exposed 
a r e a  i n t o  a shaded s t r e t c h  ( s ee  f o o t n o t e  1 ) .  

The p r i n c i p a l  e f f e c t  of land management p r a c t i c e s  may be  l a r g e l y  
i n  upstream a r e a s ,  o f t e n  important  f i s h  h a b i t a t s .  The consequences 
of t h e s e  p r a c t i c e s  r e q u i r e  f u r t h e r  s tudy  i n  terms of t h e  s t ream 
ecosystem. A s  y e t ,  t h e i r  e f f e c t  on a l g a l  growth, on i n s e c t  and f i s h  
h a b i t a t ,  and on o t h e r  a s p e c t s  of water  r e sou rces  is  no t  completely 
understood. 




