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ABSTRACT 

A comparison of streamflow records from three smaZZ 
mountain streams i n  north-central Washington before, dur- 
ing, and a f ter  a severe forest f ire  shmed three immediate 
e f f g c t s  of destructive burning. These were : 

F l o w  rate  was greatly reduced while the f ire  
was active Zy burning. 

Destruction of vegetation i n  the riparian zone 
reduced diurnal osciZZation of flow rates .  

Flow rates  quickly increased t o  points above 
protracted norma2 depletion rates  but t o  
vurying degrees. 

No drast ic  immediate change i n  stream temperatures 
was noted. 

Keywords: Fores t  f i r e ,  a l t e r a t i o n  of flow, r i p a r i a n  water l o s s ,  
d i u r n a l  d i s t r i b u t i o n ,  evapot ranspi ra t ion ,  deple t ion .  

During t h e  e a r l y  morning hours of August 24, 1970, much of north- 
c e n t r a l  Washington was swept by an  i n t e n s e  dry-l ightning storm. This  
heralded t h e  beginning of what would prove t o  be one of t h e  most 
se r ious  f i r e  d i s a s t e r s  ever t o  occur i n  t h e  region.  Ult imately about 
115,000 a c r e s  of timber were devastated i n  t h i s  s i n g l e  l igh tn ing- f i r e  
sequence. This  a r e a  included t h e  E n t i a t  Experimental Fores t  where 
water y i e l d s ,  c l imate ,  and o the r  environmental v a r i a b l e s  have been 



observed f o r  n e a t l y  10 yea r s  on t h r e e  small watersheds. Study i n s t a l -  
l a t i o n s  were r e s to red  and r eac t iva t ed  t o  extend preburn d a t a  i n t o  a 
long-range s tudy of the/ e f f e c t s  of f i r e  on t h e  environment, and t h e  
a l t e r a t i o n  of t hese  e f f e c t s  by vege ta t ive  succession.  This  paper re -  
p o r t s  some e f f e c t s  of t h e  f o r e s t  f i r e  t h a t  were immediately no t i ceab le  
i n  streamflow c h a r a c t e r i s t i c s .  

STUDY AREA 

The E n t i a t  Experimental Fo res t  was s e t  a s i d e  i n  1957 a s  a s tudy 
a r e a  r e p r e s e n t a t i v e  of much of t h e  fo res t ed  lands  e a s t  of t h e  Cascade 
Cres t .  It was intended f o r  s t u d i e s  of t h e  in t eg ra t ed  hydrologic re -  
sponse t o  s p e c i f i c  f o r e s t  management p r a c t i c e s .  Three watersheds-- 
1,168, 1,270, and 1,393 a c r e s  i n  size--were instrumented f o r  s tudy.  

The experimental dra inages  a r e  wi th in  t h e  E n t i a t  River bas in ,  an 
a r e a  of gene ra l ly  bold and rugged r e l i e f  d i s sec t ed  by many t r i b u t a r y  
s treams.  Much of t h e  r i v e r  was occupied by a v a l l e y  g l a c i e r  during t h e  
Wisconsin s t a g e  of t h e  P le i s tocene  Epoch. A s  t h e  g l a c i e r  advanced, 
downcutting t h e  v a l l e y ,  t r i b u t a r y  streams were r e l a t i v e l y  unaffected.  
A s  a r e s u l t ,  t h e  s tudy watersheds a r e  hanging v a l l e y s  above t h e  main 
v a l l e y  f l o o r .  Elevat ions  range from 1,800 f e e t  a t  t h e  r i v e r  t o  more 
than 7,000 f e e t  a t  t h e  headwaters. Mean s lope  i s  about 50 percent ,  
bu t  s lopes  a s  s t e e p  a s  90 percent  a r e  common. Drainage is  gene ra l ly  
southwest,  wi th  a spec t s  ranging from southeas t  t o  northwest.  

Base rock is  an extens ive  formation known a s  t h e  Chelan Ba tho l i th ,  
a mesozoic i n t r u s i v e  g ranod io r i t e  w i th  b i o t i t e  and hornblende a s  acces- 
sory  minera ls .  A medium t o  coarse-grained massive rock,  t h e  gray 
g ranod io r i t e  weathers deeply where exposed. Since t h e  g l a c i a l  per iod ,  
most of t h e  a r e a  has  been o v e r l a i n  by volcanic  ash  and pumice o r i g i n a t -  
i ng  from Glac ier  Peak volcanism about 12,000 yea r s  ago. A s  amounts of 
depos i t ion  vary ,  s o i l  depths range from extremely shallow, wi th  numer- 
ous rock outcrops,  t o  depos i t s  of unconsolidated m a t e r i a l  many f e e t  
deep. S o i l s  a r e  t h e r e f o r e  charac ter ized  by loose ,  poorly developed 
mixtures  of decomposed g r a n o d i o r i t e  and pumice overlying bedrock. 

P r i o r  t o  t h e  f i r e ,  vege ta t ion  was almost e n t i r e l y  undisturbed 
mature f o r e s t ,  wi th  only smal l  a r e a s  of subalp ine  grass-forb and b a r e  
rock. About 75 percent  of t h e  a r e a  was c l a s sed  a s  ponderosa p ine  
(Pinus ponderosa) saw-log type,  w i th  Douglas-fir  (Pseudotsuga menzies i i )  
a s  t h e  main a s soc ia t ed  spec ie s .  Stocking dens i ty  ranged from medium 
t o  poor,  wi th  medium t o  dense understory of ponderosa p ine  and Douglas- 
f i r  reproduct ion ,  snowbrush ceanothus (Ceanothus vezut inus) ,  b i t t e r -  
brush (Purshia t r i d e n t a t a )  , pinegrass  (CaZamagrostis mbescens)  , and 
numerous fo rb  spec ie s .  

Climate is t y p i c a l  of t h e  e a s t  s lope  of t h e  Cascade Range ( f i g .  1) . 
For t h e  period of record a v a i l a b l e ,  a t  3,000-foot e l e v a t i o n  t h e  annual 



mean temperature is 44.3* F. ,  and average annual p r e c i p i t a t i o n  is  18.14 
inches.  Moisture-laden P a c i f i c  storms c r o s s  t h e  a r e a  mainly during 
winter .  Winters a r e  moderately cold and r e l a t i v e l y  wet ,  w i th  p rec ip i -  
t a t i o n  gene ra l ly  occurr ing a s  snow from November t o  May. Summers a r e  
warm and d ry ,  w i th  only about 10 percent  of annual  p r e c i p i t a t i o n  occur- 
r i n g  from June t o  September. 
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Figure  1. --Monthly mean tempemtare and precipitation, E n t i a t  
Expe~imentaz  Fores t .  

Streamflow c h a r a c t e r i s t i c s  s t rong ly  r e f l e c t  r eg iona l  c l ima te  
( f i g .  2) .  Ear ly  win te r  storms occas ional ly  occur a s  r a i n  through 
November. Snow then accumulates throughout t h e  w i n t e r ,  i n t e r r u p t e d  
occas ional ly  by minor melt ing during b r i e f  warm per iods .  Maximum 
snowpack is a t t a i n e d  i n  l a t e  March o r  e a r l y  Apr i l .  During t h e  s p r i n g  
snowmelt per iod ,  streams r i s e  t o  a  peak flow normally occurr ing  i n  mid- 
May. Runoff then d e c l i n e s  r a p i d l y  t o  a  low and f a i r l y  s teady flow by 
August o r  September. Pronounced d i u r n a l  f l u c t u a t i o n s  i n  runoff r a t e s  
a r e  ev ident  dur ing  t h e  snowmelt season and dur ing  summer when evapo- 
t r a n s p i r a t i o n  r a t e s  a r e  h igh  ( f i g .  3 ) .  During sp r ing  snowmelt, maximum 
d a i l y  flow r a t e s  occur during t h e  day a s  a  r e s u l t  of maximum i n s o l a t i o n .  
I n  t h e  summer season,  d a i l y  minimum flow r a t e s  occur dur ing  t h e  period 
of maximum i n s o l a t i o n  when evapot ranspi ra t ion  is  a t  i ts  peak. 



STREAMFLOW ( Cubic Feet per Second ) 

STREAMFLOW 
( Average Cubic Feet per Second ) 



Instrumentation 

Streamflow is measured a t  the  o u t l e t  of each watershed by con- 
t inuously recording flow depth over a 120° V-notch sharp-crested w e i r .  
Though some ic ing  is experienced f o r  shor t  periods through t h e  winter ,  
the  usable record of these  i n s t a l l a t i o n s  is  e s s e n t i a l l y  year-long. 
Volume of sediment l o s s  is  measured i n  the  w e i r  ponds. P r e c i p i t a t i o n  
is sampled along the  general  c e n t e r l i n e  of the  study a r e a  by a record- 
ing  p r e c i p i t a t i o n  gage near 3,000-foot e levat ion and a non-recording 
storage-type gage near 7,000-foot e levat ion.  I n  add i t ion  t o  hydrologic 
input  and output ,  records of a i r  temperature and r e l a t i v e  humidity have 
been maintained a t  the  3,000-foot l eve l .  Continuous records of stream 
temperature a t  a l l  stream gaging s t a t i o n s  were begun 2 years  p r i o r  to 
the  f i r e .  

THE FIRE 

A primary f a c t o r  contr ibut ing t o  the  1970 north-central  Washington 
f i r e  d i s a s t e r  was f u e l  conditioning by antecedent weather. The period 
February through August was the  d r i e s t  recorded on the  e a s t  s lope  of 
the  Cascades i n  more than 40 years .  During May-August only 0.08 inch 
of p r e c i p i t a t i o n  was recorded- on the  study area .  Daily maximum tem- 
pera tures  i n  excess of 90° F. WPI- 6 - - -  L luring August , and stream- 
flow was near the  ses 

I g n i t i o n  r e s u l t e  g storm which formed i n  
southern Washington a 3 ward during the  e a r l y  
morning of August 24 1 nt .  The storm was 
characterized by ho t ,  roduced e s s e n t i a l l y  no 
p rec ip i t a t ion .  A tot :  were s e t  i n  t h e  E n t i a t  
River bas in ,  including :a1 Fores t .  

A s  the  burning period progressed, e f f o r t s  of hand crews were over- 
whelmed. By ea r ly  afternoon t h e  fast-spreading f r o n t s  of severa l  f i r e s  
began t o  merge. When the  s i t u a t i o n  became desperate,  a l l  v i t a l  da ta  
and most of the  threatened instruments were removed from t h e  study s i t e .  
Because the  r i s k  of the  f i r e ' s  destroying one stream gaging s h e l t e r  
i n s t a l l a t i o n  (McCree Creek) appeared s l i g h t ,  water l e v e l  and stream 
temperature recorders were l e f t  i n  operat ion a t  t h a t  locat ion.  

By 8:00 p.m. the  e n t i r e  E n t i a t  Experimental Fores t  had been 
severe ly  and uniformly burned ( f i g  . 4) . 

Inspection of i n s t a l l a t i o n s  a f t e r  the  f i r e  burned out  revealed 
t h a t  the  i n s t a l l a t i o n  where instruments had not  been removed was not  
damaged. Only one of the  evacuated i n s t a l l a t i o n s  required major re-  
construction.  By August 30, instruments had been r e i n s t a l l e d ,  and 
extension of preburn da ta  was begun on a plan t o  evaluate t h e  e f f e c t s  
of f o r e s t  f i r e  and subsequent vegeta t ive  succession on hydrologic 
c h a r a c t e r i s t i c s .  



Figure 4 .  --View on Fox Creek watershed a f ter  the f i re .  Note that  
bark burned t o  the cumbiwn on many stems. 



RESULTS AND DISCUSSION 

Hydrographs obtained immediately before and a f t e r  t h e  f o r e s t  f i r e  
on a l l  th ree  streams a r e  i l l u s t r a t e d  i n  f i g u r e  5. These reveal  severa l  
i n t e r e s t i n g  flow phenomena. The most immediate e f f e c t  on McCree Creek, 
where continuous instrumentat ion was maintained, was g r e a t l y  reduced 
flow coincident  with peak burn i n t e n s i t y  and extending i n t o  the  e a r l y  
morning hours of August 25. This is presumed t o  be a r e s u l t  of vapor- 
i z a t i o n  of water from l i v e  stream sur face  ven t i l a t ed  by s t rong con- 
vect ion cur ren t s .  

f 

The manner i n  which t h i s  drainage burned was dramatic. During 

1 -  evacuation of records and instruments, i t  was observed t h a t  McCree 
Creek was e s s e n t i a l l y  f r e e  from f i r e  a t  about 5:30 p.m. Burns Creek 
drainage, immediately adjacent  t o  t h e  west ,  was e n t i r e l y  aflame a t  t h a t  
time. A t  8:00 p.m. a e r i a l  reconnaissance of the  general  f i r e  area  
disclosed t h a t  f u e l s  over a l l  of McCree Creek were burning f i e r c e l y .  
The timing of t h i s  event is r e f l e c t e d  i n  the  hydrograph. Flow r a t e  
began t o  drop sharply a t  t h e  time when d a i l y  stream recovery from 
t ransp i ra t ion  l o s s  would normally have begun. 

A second and more p e r s i s t e n t  change i n  flow c h a r a c t e r i s t i c s  a f t e r  
the  f i r e  was the  marked reduction of d iu rna l  o s c i l l a t i o n  i n  flow r a t e s  
on a l l  streams. 

Streamflow pa t t e rns  displayed j u s t  p r i o r  t o  i g n i t i o n  a r e  s t r i k i n g  
i l l u s t r a t i o n s  of t h e  e f f e c t s  of t r a n s p i r a t i o n  by vegeta t ion rooted i n  
the  streamside c a p i l l a r y  f r inge .  Because of c lose  cor re la t ion  with 
energy a v a i l a b i l i t y ,  t r ansp i ra t ion  reduces the  amount of water enter ing 
the  channel with d a i l y  regu la r i ty .  The n e t  r e s u l t  is  an o s c i l l a t i n g  
flow, c h a r a c t e r i s t i c  of small headwater o r  t r i b u t a r y  streams i n  l a t e  
summer. The f o r e s t  f i r e  eliminated t r ansp i ra t ion  d r a f t  wi th in  the  
r i p a r i a n  zone of these  drainages f o r  the  remainder of the  1970 growing 
season. Only minor d a i l y  v a r i a t i o n s  were observed a f t e r  August 24. 

A t h i r d  change i n  flow p a t t e r n  concerned t h e  general  e levat ion of 
flow r a t e s  above extended normal deple t ion curves. 

I n  the  upland a reas ,  beyond the  streamside f r i n g e ,  vegeta t ion 
der ives  water from the  s o i l  r e se rvo i r .  There is no nighttime recovery 
of streamflow from t r a n s p i r a t i o n  d r a f t  i n  these zones. Rather, the re  
is  a steady dec l ine ,  o r  normal deple t ion,  i n  moisture ava i l ab le  f o r  
streamflow u n t i l  recharge by p r e c i p i t a t i o n  occurs. Within a week a f t e r  
the  f i r e ,  flow r a t e s  of a l l  th ree  streams were general ly above pro- 
t r ac ted  normal deple t ion curves t o  some degree. Flows of two streams 
(Burns and Fox Creeks) were s l i g h t l y  elevated.  But the  flow of McCree 
Creek rose  sharply f o r  15 days a f t e r  the  f i r e  t o  a point  considerably 
higher than normal deple t ion l eve l .  Only a t r a c e  of p r e c i p i t a t i o n  was 
recorded u n t i l  a f t e r  September 13. 
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Figure 5. --Streamflm of the Entiat experimental watersheds, 
August 20 t o  September 8,  1970. 

This d i f f e r e n c e  i n  response may b e  p a r t l y  due t o  p r e f i r e  d i f f e r -  
ences i n  vege ta t ive  composition. Timber s t ands  on Burns and Fox Creeks 
were s i m i l a r  i n  volume and about  equal ly  divided between ponderosa p ine  
and Douglas-fir .  On t h e  o t h e r  hand, Douglas-fir  comprised nea r ly  70 
percent  of t h e  timber on McCree Creek, w i th  12-percent g r e a t e r  volume. 
S tudies  of moisture r e l a t i o n s  of t hese  spec ie& suggest  t h a t  t h e  
Douglas-fir  was t r a n s p i r i n g  more a t  t h e  time of t h e  f i r e .  Expected 
r e l e a s e  from t r a n s p i r a t i o n  d r a f t  would t h e r e f o r e  b e  g r e a t e s t  on McCree 
Creek. 

There is  some p o s s i b i l i t y  t h a t  r educ t ion  of evaporat ion from t h e  
s o i l  by a deep ash mulch could have inf luenced streamflaw a f t e r  t h e  
f i r e .  However, evaporat ion from t h e  s o i l  s u r f a c e  would l i k e l y  be  only 
a minor component i n  t h e  d a i l y  water  ba lance  dur ing  l a t e  summer. 

1-I William Lopushinsky. Stomata1 c l o s u r e  i n  c o n i f e r  s eed l ings  i n  
response t o  l e a f  moisture stress. Bot. Gaz. 130(4): 258-263, 1969. 



Higher flows a f t e r  t h e  f i r e  may a l s o  b e  an  e f f e c t  of s o i l  h e a t  
f l u x .  Moisture migra tes  from s u r f a c e  l a y e r s  t o  lower zones i n  response 

2/ t o  t r a n s i e n t  thermal g rad ien t s  produced by t h e  d a i l y  temperature cycle.- 
A massive h e a t  f l u x  could b e  a n t i c i p a t e d  dur ing  t h e  f i r e  and fol lowing 
sudden removal of shade and p r o t e c t i v e  ground cover.  

Stream temperatures f luc tua ted  s u r p r i s i n g l y  l i t t l e  a f t e r ,  t h e  f i r e .  
The record of McCree Creek water  temperature, presented wi th  d a i l y  a i r  
temperatures i n  f i g u r e  6,  shows a b r i e f  r i s e  of lo F. on t h e  t h i r d  day. 
Water temperatures then decreased normally a s  t h e  summer season ended. 

F igure  6.--Air and water temperat?nes, MeCree Creek, August 2U t o  
September 8, 1970. 

2' J. W. Cary. S o i l  moisture t r a n s p o r t  due t o  thermal gradients :  
P r a c t i c a l  a spec t s .  S o i l  Sc i .  Soc. Amer. Proc. 30: 428-433, 1966. 



The mission o f  the PACIFIC NORTHWEST FOREST 
A N D  RANGE EXPERIMENT STATION is t o  provide the 
knowledge, technology, and alternatives for present and 
future protection, management, and use o f  forest, range, and 
related environments. 

Within this overall mission, the Station conducts and 
stimulates research t o  facilitate and t o  accelerate progress 
toward the fol lowing goals: 

1. Providing safe and efficient technology for  inventory, 
protection, and use o f  resources. 

2. Development and evaluation o f  alternative methods 
and levels o f  resource management. 

3. Achievement o f  opt imum sustained resource produc- 
t iv i ty consistent w i th  maintaining a high quality forest 
environment. 

The area o f  research encompasses Oregon, Washington, 
Alaska, and, i n  some cases, California, Hawaii, the Western 
States, and the Nation. Results o f  the research wi l l  be made 
available promptly. Project headquarters are at: 

College, Alaska Portland, Oregon 
Juneau, Alaska Roseburg, Oregon 
Bend, Oregon Olympia, Washington 
Corvallis, Oregon Seattle, Washington 
La Grande, Oregon Wenatchee, Washington 



The FOREST SER ment of Agriculture 
is dedicated to the anagement of the 
Nation's forest res of wood, water, 
forage, wildlife, a orestry research, 
cooperation with forest owners, and 
management of th tional Grasslands, it 
strives - as direc provide increasingly 
greater service to a gr 




