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Abstract 

This  r e p o r t  summarizes t h e  c l ima t i c  
and hydrologic measurements taken i n  
t h e  High Ridge evalua t ion  area ,  a four-  
watershed complex wi th in  t h e  Umatilla 
barometer watershed of  e a s t e r n  Oregon. 
The information--measurements o f  water 
y i e l d ;  a i r ,  s o i l ,  and water tempera- 
t u r e s ;  snow depth and dens i ty ;  and 
wind--is presented  t o  i d e n t i f y  t h e  
pretreatment  condi t ion  and i s  r ep re -  
s e n t a t i v e  of  environmental condi t ions  
i n  s i m i l a r  s tands  within t h e  Blue 
Mountain a rea .  

KEYWORDS: Climatography, water supply, 
temperature (water ) ,  temperature 
( s o i l ) ,  Oregon (Blue Mountains), 
watershed management. 
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Int rod uction 
During t h e  middle 196Ovs, t h e  

Barometer Watershed Program was es-  
t ab l i shed  by t h e  USDA Fores t  Serv ice  
" to meet t h e  need and demand f o r  
water informat ion  t o  support Land Use 
and Program Planning on National 
Forest  system lands ."l 

According t o  Dortignac and Bea t t i e :  
The "baromet er"  watershed program 
provides t h e  b a s i s  f o r  determining 
t h e  e f f e c t  of  management p r a c t i c e s  on 
hydrologic behavior.  I t  i s  t h e  
proving ground f o r  (1) developing 
and r e f i n i n g  watershed p r e s c r i p t  ions  
based on t h e  most r ecen t  r e sea rch  
f ind ings ,  (2)  making water y i e l d  
p red ic t ions ,  and (3) comparing pre-  
d i c t i o n s  with a c t u a l  performance. 
The system provides a b a s i s  f o r  ap- 
p r a i s i n g  cos t -bene f i t  r e l a t i o n s h i p s  
and s u i t a b l e  demonstrat ion and 
t r a i n i n g  a reas .  

Watersheds were s e l e c t e d  t o  repre-  
s en t  a v a r i e t y  o f  c l i m a t i c ,  vegeta- 
t i v e ,  and physiographic condi t ions .  
Among t h e s e  was t h e  Umatilla barometer 
watershed i n  t h e  Blue Mountains of  
e a s t e r n  Oregon. Included within t h i s  
34 000-ha watershed complex was t h e  
High Ridge evalua t ion  a r e a  with four  
subwatersheds comprising a t o t a l  a r e a  
of  approximately 200 ha.  

Background and supplemental i n f o r -  
mation f o r  t h e  watershed complex and 
some d e t a i l s  o f  t h e  eva lua t ion  a r e a  
a r e  a v a i l a b l e  i n  documents prepared 
a s  in t e r im r e p o r t s  by Region 6, USDA 
Forest  Serv ice ,  Por t land ,  Oregon. 
These include : 

1. Umatilla barometer watershed 
ana lys i s ,  1965. 
2 .  Watershed a n a l y s i s  and p r e s c r i p t i o n  - 
High Ridge evalua t ion  a rea ,  Umat il l a  
barometer watershed, 1970. 
3 .  Umati l la  barometer watershed, 
survey-analysis-plan,  1971. 
4.  Hydromet eoro logica l  d a t a  bank 
water years  1965-1975, Umatilla River 
barometer watershed. 
5.  Hydrometeorological d a t a  bank water 
year  1976, Umatilla River barometer 
watershed. 

Although t h e  o v e r a l l  ob jec t ive  of  
t h i s  program i s  t o  document hydrologic 
behavior caused by t rea tments ,  t h e  
base l ine  d a t a  c o l l e c t e d  during t h e  
pretreatment  phase a r e  r e p r e s e n t a t i v e  
of condi t ions  i n  a l a r g e r  block of  
unt rea ted  s tands  wi th in  t h e  Blue 
Mountain a rea .  Any information de- 
s c r i b i n g  c l imate  o r  hydrology o f  
t hese  s tands  i s  extremely l imi ted .  
The d a t a  presented,  t he re fo re ,  provide 
t h e  b a s i s  f o r  eva lua t ing  t reatment  
e f f e c t s  and a r e  an a i d  t o  understanding 
present  condi t ions  and t h e  p o t e n t i a l s  
f o r  t h e s e  s tands .  Evaluat ing t r e a t -  
ment e f f e c t s  w i l l  r e q u i r e  a number of  
years  f o r  c o l l e c t i o n  o f  post t reatment  
da t a .  The u t i l i t y  o f  t h e  information 
presented i n  t h i s  r e p o r t  t o  present  
land managers outweighs any advantage 
of wait ing t o  accomplish t h e  primary 
ob jec t ive  o f  t h e  s tudy.  Also, d a t a  
presented he re  w i l l  a s s i s t  o t h e r s  who 
a r e  s tudying t h e  p l a n t  and animal 
i n t e r r e l a t i o n s h i p s  i n  t h e s e  watersheds. 
These a r e  t h e  only base l ine  d a t a  
a v a i l a b l e  on temperatures ( a i r ,  watel 
s o i l ) ,  wind, and seasonal d i s t r i b u t i o n  
of  snow; they  a r e  not  dupl ica ted  i n  

' ~ ~ d r o n e t e o r o l o ~ i c a l  da t a  bank water year i n t e r im r e p o r t s .  
1977. May 1978. Umatilla River barometer water- 
shed and M i l l  Creek municipal watershed. Umatilla 
N a t l . F o r . , ~ ~ ~ ~ F o r . S e r v . P a c . N o r t h w e s t R e g .  TheStudyArea 

L ~ . J .  Dortignac and B .  Bea t t ie .  1965. Using 
represen ta t ive  watersheds t o  manage fo r e s t  and 
range lands fo r  improved water y i e ld s .  Paper 

The s tudy a rea  ( f i g .  1)  i s  loca ted  
presented a t  In te rna t iona l  Association of  Sci-  i n  t h e  Blue Mountains o f  nor theas tern  
e n t i f i c  Hydrology, Budapest, Hungary, October 5 ,  Oregon, about 22 km northwest of 
1965. Elgin and 8 km southwest o f  t h e  Spout 
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Figure 1.--The High Ridge evalua t ion  
a rea .  

Springs Recreation Area. I t  c o n s i s t s  
o f  four  indiv idual  watersheds con- 
t a i n i n g  24.4, 29.6, 53.3, and 1 1 8 . l h a  
o f  drainage a rea .  Elevat ion v a r i e s  
from 1 439 t o  1 617 m; s lopes  vary  
from 2 t o  25 percent ;  and aspect  i s  
gene ra l ly  no r theas t .  The a r e a  is  
densely stocked with a  mixture o f  
grand fir (Abies g rand i s ) ,  Engelmann 
spruce (Picea engezmunnii), subalpine 
f i r  (Abies Zasiocarpa) , west e rn  l a r c h  
(Larix occ identa  Zis) , Douglas - f  ir 
(Pseudotsuga menzies i i ) ,  and lodgepole 
p ine  (Pinus c o n t o r t a ) .  

Methods 
Precipitation 

Beginning October 1, 1967, p r e c i p i -  
t a t i o n  was recorded by a  gage loca ted  
i n  a  n a t u r a l  opening nea r  t h e  cen te r  
o f  t h e  fou r  watersheds a t  1 493-m 
e leva t ion .  Five o the r  recording  gages 
and 12 s to rage  gages a r e  d i s t r i b u t e d  
over t h e  Umatilla barometer watershed 
between t h e  731- and 1 706-m e leva t ion .  

Density and depth o f  snow have been 
measured a t  each recording  s i t e  s i n c e  
1970. In  1972, two p l o t s  were loca ted  
i n  watershed 1 and one p l o t  each i n  
watersheds 3 ( t h e  con t ro l )  and 4 f o r  
i n t e n s i v e  snow measurements. The 
p l o t s  a r e  approximately c i r c u l a r  i n  
shape and 0 . 3  ha i n  a rea .  A stem map, 
such a s  t h a t  shown i n  f i g u r e  2, was 
made f o r  each p l o t .  

0 
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Figure 2.--Stem map f o r  snow depth 
p l o t  i n  con t ro l  watershed 3. 



Depth and dens i ty  o f  snow on t h e  
p l o t s  were measured p e r i o d i c a l l y  with 
a snow tube.  In  add i t ion ,  a t  t h e  
approximate time of  maximum annual 
snow accumulations i n  1972-76, each 
t r e e  was marked with p a i n t  a t  t h e  
snow su r face .  Af ter  snowmelt, t h e  
he ight  o f  each mark was measured and 
recorded by t r e e  number. 

P r e c i p i t a t i o n  d a t a  were analyzed 
f o r :  

1. Total  annual amounts and t h e  
year- to-year  v a r i a t i o n .  
2. Monthly average and t h e  amounts 
recorded a s  r a i n  and snow. 
3. Maximum i n t e n s i t i e s  pe r  hour and 
pe r  day dur ing  winter  and summer 
months. 
4 .  Changes i n  depth and dens i ty  of  
snow over t ime. 
5. Variance f o r  s e l e c t e d  d a t e s  t o  
t e s t  t h e  n u l l  hypothesis  t h a t  snow 
accumulation d i d  not  d i f f e r  s i g n i f i -  
c a n t l y  (P=0.05) between p l o t s .  
6. Maximum annual accumulations o f  
snow t o  determine maximum depths o f  
snow a t  f requencies  of 5 ,  10, 25, 
and 50 years .  

I 

Streamf low 

Stream flow i s  measured with modi- 
f i e d  V-notch weirs  ( f i g .  3 ) .  A 
concre te  cu to f f  wall  fo rces  t h e  water 
through t h e  con t ro l  s ec t ion .  The 
con t ro l  s ec t ion  c o n s i s t s  o f  a V-notch 
cu t  i n  a s t e e l  p l a t e  t h a t  is a t tached 
t o  a f i b e r g l a s s ,  t r apezo ida l  flume. 
Notch s i z e s  a r e  90° f o r  watershed 2 ,  
60° f o r  watersheds 1 and 3, and 120° 
f o r  watershed 4 .  Water l e v e l  is  
measured with ana log- to-d ig i ta l  
recorders .  

Summarized d a t a  were analyzed f o r  : 

1. Annual amounts and year- to-year  
v a r i a t i o n s .  
2. Corre la t ion  o f  annual runoff  with 
annual p r e c i p i t a t i o n .  

Figure 3.--Typical streamflow 
measuring sec t ion .  

3. Runoff c h a r a c t e r i s t i c s  expressed 
a s  flow-duration curves. 
4 .  Corre la t ion  o f  annual runoff  
between watershed 3 ( t h e  con t ro l )  and 
each of  t h e  o the r  watersheds. 
5 .  Predic t ion  of  peak discharge f o r  
recurrence  per iods  of  5 ,  10, 25, and 
50 years .  

Air, Soil, and Water Temperatures 

Location of  t h e  High Ridge a rea  
precluded i n s t a l l a t i o n  o f  equipment 
t h a t  would r e q u i r e  continuing se rv ice .  
A new type  o f  i n t e g r a t i n g  temperature 
system with a d i g i t a l  p r i n t e r  was 
designed t o  s a t i s f y  d a t a  needs. In- 
struments p r i n t  a degree-hour summary 
a f t e r  each 3 hours,  permi t t ing  ca l -  
cu la t ion  of  average temperature f o r  
t h e  period o r  accumulation o f  degree- 
hour summaries. A va lue  o f  -10oC was 
se l ec t ed  a s  t h e  base f o r  t h e  degree- 
hour summary; -1OoC is thus  t h e  lower 
l i m i t  f o r  any temperature measurement. 
In  t h e  seve ra l  years  o f  record ,  during 
only about 2 weeks a year  was t h e  
temperature co lde r  than -100C. 



Units  a r e  bur ied  f o r  temperature 
s t a b i l i t y  and t o  prevent  vandalism. 
Tapes a r e  c o l l e c t e d  twice a year .  A 
simple c a l c u l a t o r  program summarizes 
t h e  measurements. S o i l  temperatures  
were not  evaluated before  1976. 

Speed and Direction of Wind 

A new "Adaptive Speed and Direc t ion  
Analyzer" (Fowler 1977) was designed 
f o r  t h e  High Ridge s tudy t o  provide 
an o n s i t e  summary of  windspeed wi th in  
seve ra l  speed c l a s svs  and a summary 
o f  wind d i r e c t i o n  corresponding t o  
t h e s e  c l a s s e s .  Memory s to rage  i s  
adequate f o r  c o l l e c t i n g  d a t a  up t o  
2 months. More frequent  readouts ,  
u sua l ly  a t  monthly i n t e r v a l s ,  were 
made t o  improve t h e  o v e r a l l  r e s o l u t i o n  

Units  accumulate d a t a  based on a 
134.08-m t r a v e l  d i s t ance  with d i r e c -  
t i o n  resolved t o  quadrants.  No wind 
d i r e c t i o n  d a t a  a r e  accumulated i f  a i r  
movement i s  absent .  

Results and Discussion 

1 ,  4 High Ridge 

Precipitation 

Average annual p r e c i p i t a t i o n  f o r  
t h e  High Ridge a r e a  f o r  1967-76 is  
142.47 cm. Annual amounts vary 
( f i g .  4) between a high o f  190.25 cm 
and a low of  73.15. Average reg ional  
p r e c i p i t a t i o n  f o r  s t a t i o n s  i n  t h e  
surrounding area--designated by Na- 
t i o n a l  Oceanic and Atmospheric Admin- 
i s t r a t i o n  a s  t h e  IfNortheastern Oregon 
Sec t ionv- - i s  a l s o  shown i n  f i g u r e  4 .  
S p a t i a l  averaging and inc lus ion  o f  
p r imar i ly  lowland s t a t i o n s  reduce 
t h e  v a r i a b i l i t y  and lower average 
annual amounts t o  about a t h i r d  
(51 cm) of  t h e  High Ridge average. 

P r e c i p i t a t i o n  is p r imar i ly  a cool 
season phenomenon throughout t h e  
P a c i f i c  Northwest S t a t e s .  Storm 
t r a c k s  f o r  e x t r a  t r o p i c a l  cyclones 

. 
Water year 

Figure 4.--Average annual p r e c i p i -  
t a t i o n  f o r  High Ridge a r e a  and 
Northeastern Oregon Sect ion.  

concent ra te  along t h e  nor thern  t i e r  
o f  S t a t e s .  Strong airmass c o n t r a s t s ,  
mild, moist P a c i f i c  a i r ,  and f r i g i d  
~ o n t i n e n t a l ~ p o l a r  a i r  produce vigorous 
storms. Local amounts o f  p r e c i p i t a -  
t i o n  a r e  s t rong ly  inf luenced by topog- 
raphy. The seasonal  d i s t r i b u t i o n  o f  
p r e c i p i t a t i o n  by months i s  i l l u s t r a t e d  
i n  f i g u r e  5. For t h e  High Ridge a r e a ,  
87 percent  of  t h e  yea r ly  t o t a l  pre-  
c i p i t a t i o n  f a l l s  between October 1 
and May 31; 13  percent  i n  t h e  summer 
months, June through September. For 
t h e  Northeastern Oregon Sect ion ,  cor-  
responding f i g u r e s  a r e  79 percent  and 
21 percent .  Topographic inf luences  
on p r e c i p i t a t i o n  i n  t h e  cool season 
account f o r  t h e  major d i f f e rences  
betheen lowland and mountain s i t e s .  
Compared with lowland s i t e s ,  t h e  High 
Ridge loca t ion  r ece ives  t h r e e  t imes 
a s  much p r e c i p i t a t i o n  pe r  month i n  



High Ridge area, 
11.61 cm 

Northeastern 
Oregon Section, 
4.23 cm 

Figure 5.--Average monthly precipi -  
t a t i o n  f o r  High Ridge a rea  and 
Northeastern Oregon Section. 

f l u c t u a t e  above and below freezing.  
In most years,  a  snowpack usual ly  
begins t o  form by l a t e  November. I t  
increases i n  depth and water content 
u n t i l  l a t e  March o r  e a r l y  April;  then 
the  snow gradually melts.  Complete 
snowmelt va r i es  from year t o  year, 
depending on maximum accumulation of  
snow and energy input i n  the  e a r l y  
spring.  The l a s t  snow usual ly  i s  
melted by e a r l y  June. 

Figure 6 i l l u s t r a t e s  the  depth 
and dens i ty  of  t h e  snowpack i n  1973. 
The depth ins ide  t h e  watershed aver- 
aged 60 cm on January 12 when it was 
f i r s t  measured. A t  t h a t  time, snow 
densi ty  was 0.22 g/cm3, and t h e  t o t a l  
water content was 13 cm. Snow depth, 
densi ty ,  and water content increased 
u n t i l  April 3 when depth was 88 cm; 
density; 0.33 g/cm3; and water con- 

t h e  cool season but  l e s s  than twice t e n t ,  29 cm. The da te  of  maximum 
a s  much i n  the  summer season. accumulation could not be determined 

Prec ip i t a t ion  per  day can amount from these  measurements because of 
t o  near ly  10 cm a t  these  high e levat ion 
s i t e s  during winter  storms (mixed r a i n  Snowpack dynamics 
and snow) o r  i n  in tense ,  highly lo-  Winter 1973 
cal ized thunderstorms. Thunderstorm 
a c t i v i t y ,  based on a 7-year study 
(Morris 1934), i s  more prominent i m -  
mediately t o  the  e a s t  of t h e  High h 

90 

Ridge loca t  ion; however, the  expectat ion 5 
i s  f o r  between f i v e  and s i x  l ightning 70 h 

storms per  40 000 ha per  year at t h i s  5 rr) E 
F locat ion.  The individual  c e l l s  of c 

thunderstorms follow a southwest t o  8 50 
northeast  path over an 80- t o  100-km b 

C 

t r averse .  Although in tense  thunder- g 30 
storm paths may be up t o  60 km wide 
(Morris 1934), p rec ip i t a t ion  values & E 
normally decline rap id ly  with d i s -  0 10 
tance from thunderstorm centers .  E 
Because s t a t i o n s  i n  the  High Ridge O C B L L *  

0 

area  a r e  7 t o  10 km apar t ,  s i t u a t i o n s  Z Z g Q O g !  - 
occur where heavy r a i n f a l l  (up t o  Month 
10 cm) may be recorded a t  only one 0 Snow depth 
of t h e  gages. Snow density 

A s  a i r  temperature decreases A Water content 
in  the  f a l l  months, p rec ip i t a t ion  
changes from r a i n  t o  snow. The f i r s t  Figure 6.--Depth-density r e l a t i o n -  
few snowstormsmaymeltastemperatures sh ip  f o r  snowpack i n  1973. 



t h e  inf requent  sampling schedules ,  
but t h e  Apri l  3 value  i s  probably 
c lose  t o  t h e  maximum. OnMay14, when 
t h e  l a s t  measurement was made, snow 
depth had decl ined t o  36 cm, but  
dens i ty  had increased t o  0.38 g/cm3. 
Water content  was only 12 cm. 

Table 1 l i s ts  t h e  average depth 
of snow on t h e  approximate da te  o f  
annual maximum accumulation in1972-77. 
A simple t t e s t  i nd ica t ed  no s i g n i f i -  
cant  d i f f e rences  (P=0.05) i n  snow 
depth between p l o t s .  The wi th in-p lo t  
v a r i a t i o n  was q u i t e  high because o f  
uneven snow depos i t ion  under t h e  
dense t r e e  canopy. For example, on 
April  4, 1972, snow depth on one 
p l o t  var ied  from 127 t o  257 cm. 

Streamf low 

Because flow r a t e s  a r e  lowest i n  
l a t e  summer, t h e  water year  i s  de- 
f ined  a s  extending from October 1 
t o  September 30. Runoff r a t e s  a r e  
low i n  winter  months a s  t h e  snow- 
pack increases  i n  depth and water  
content .  Along with inc reases  i n  
a i r  temperature i n  e a r l y  spr ing ,  flow 
r a t e s  increase  and t h e  maximum an- 

nual  peak occurs  i n  May o r  June. Flow 
r a t e s  gradual ly  diminished through- 
out  t h e  summer because evapotrans- 
p i r a t i o n  l o s s e s  exceed current  amounts 
o f  p r e c i p i t a t i o n .  About 80 percent  
of  t h e  t o t a l  annual flow occurs  during 
May and June i n  response t o  snowmelt. 
A l l  t h e  watersheds show some response 
t o  t h e  general  i nc rease  i n  r a i n f a l l  
dur ing  t h e  e a r l y  f a l l  months. Average 
annual runoff  f o r  t h e  1967-76 per iod  
was 43.9, 51.6, 51.8, and 47.2 cm 
from watersheds 1, 2, 3,  and 4 ,  
r e spec t ive ly .  The annual range i s  
from 16.4 t o  88.0 cm f o r  watershed 1; 
22.6 t o  82.8 cm f o r  watershed 2;  14.6 
t o  87.7 cm f o r  watershed 3; and 21.1 
t o  72.0 f o r  watershed 4 .  

I f  (1) p r e c i p i t a t i o n  i s  measured 
accura t e ly ,  (2) t h e r e  i s  l i t t l e  o r  
no deep seepage, and (3) runoff  i s  
measured accura t e ly ,  t h e  d i f f e r e n c e  
between annual p r e c i p i t a t i o n  and 
annual runoff  i s  t h e  amount o f  water 
l o s t  t o  evaporation and t r a n s p i r a t i o n .  
Average annual p r e c i p i t a t i o n  minus 
average annual runoff  f o r  t h e  High 
Ridge watersheds was 96.2, 88.5, 88.3, 
and 92.9 cm f o r  watersheds 1, 2, 3 ,  
and 4 ,  r e spec t ive ly .  These va lues  
may be g r e a t e r  than a c t u a l  evapo- 

Table 1--Average depth of snow within four  watersheds when depth was near  
t h e  annual maximum, High Ridge a r e a  

Date o r  Watershed 1 
s t a t  i s t i c a l  Watershed 4 lVatershed Mean 
parameter (con t ro l )  

Upper Lower 

Centimeters 

Mean 160.7 159.3 145.5 148.7 153.6 
Variance 59.6 71.9 62.8 66.2 65.1 
S t  a n d a ~ d  dev ia t ion  12.4 13.5 12.6 13.0 12.9 
Coef f ic ien t  of 
v a r i a t i o n  97.0 106.4 99.4 102.1 101.2 

S t  a n d a d  e r r o r  5 .1 5.5 5 .1  5 .3  5.27 



t r a n s p i r a t i o n  because t h e r e  appears 
t o  be a good p o s s i b i l i t y  f o r  some 
deep seepage i n t o  t h e  f r ac tu red  b a s a l t  
bedrock. 

Flow dura t ion  curves provide a 
use fu l  way t o  s tudy runoff  p a t t e r n s .  
These curves ( f i g .  7) show t h e  per -  
cent  o f  t ime t h a t  flow r a t e  i s  above 

0 20 40 60 80 100 
Time (percent 1 

Figure 7.--Flow dura t ion  curves f o r  
watershed 4. 

o r  below a given value.  For example, 
f i g u r e  7 shows t h a t  runoff  r a t e  from 
watershed 4 was g r e a t e r  than 3.82 
l i t e r s  pe r  second one-half of  t h e  
t ime,  and it was g r e a t e r  than 65.1 
l i t e r s  pe r  second 10 percent  o f  t h e  
time between October 1, 1967, and 
September 30, 1975. The maximum and 
minimum flow r a t e s  were 240.6 l i t e r s  
and 0.28 l i t e r  pe r  second. Flow 
dura t ion  curves f o r  t h e  o t h e r  water- 
sheds have a s i m i l a r  shape, but  t h e  
va lues  a r e  smal le r  because of  smal le r  
drainage a reas .  These curves a r e  
use fu l  f o r  d e t e c t i n g  changes i n  t h e  
hydrograph a f t e r  t imber harves t .  
For example, an a n a l y s i s  a f t e r  t imber 
harves t  may show t h a t  low flow r a t e s  
increased s i g n i f i c a n t l y .  Tes ts  can 
a l s o  be made t o  determine whether 
peak flow r a t e s  increased a f t e r  t i m -  
be r  harves t .  

When a new f o r e s t  road i s  b u i l t ,  
c u l v e r t s  o r  o t h e r  s t r u c t u r e s  must be 
i n s t a l l e d  a t  stream cross ings  t o  ca r -  
r y  expected runoff  under t h e  road.  
Nhat s i z e  c u l v e r t  should be i n s t a l l e d ?  
This  i s  an extremely important dec i -  
s ion  because an unders ize  c u l v e r t  may 
be overtopped and a sec t ion  o f  road 
destroyed.  On t h e  o t h e r  hand, in-  
s t a l l i n g  a c u l v e r t  l a r g e r  than needed 
wasts f inances .  

Experienced land managers can make 
an i n t e l l i g e n t  e s t ima te  of  t h e  s i z e  
of cu lve r t  needed by observing t h e  
width and high water marks of  t h e  
stream channel.  When runoff  records  
a r e  a v a i l a b l e ,  a b e t t e r  es t imate  
can be obtained by applying t h e  laws 
of  p r o b a b i l i t y  t o  measured runoff  
peaks. Although t h e r e  a r e  seve ra l  
methods a v a i l a b l e ,  t h e  Log Pearson 
Type 3 method (United S t a t e s  Water 
Resources Council 1976) is  recognized 
a s  t h e  most accura te .  

This  method was appl ied  t o  measured 
annual runoff  peaks from t h e  fou r  
streams a t  High Ridge. The r a t i o  o f  
maximum t o  minimum runoff  peak during 
t h e  10 years  o f  r eco rd  va r i ed  from 
11 on t h e  smal les t  drainage t o  4 on 
t h e  l a r g e s t .  Peak discharge was com- 
puted f o r  each drainage a t  recurrence  
i n t e r v a l s  of  2,  5,  10, 25, and 50 
years  ( t a b l e  2 ) .  

Figure 8 shows t h e  expected peak 
discharge f o r  each watershed a s  a 
funct ion  o f  t h e  se l ec t ed  recurrence  
per iods .  The 10-year f lood peak on 
watershed 4 i s  about 240.7 l i t e r s  p e r  
second, and t h e  25-year f lood peak 
i s  283.2 l i t e r s  p e r  second. I t  i s  
well recognized t h a t  peak discharge 
is  a funct ion  of drainage area .  
Figure 9 i l l u s t r a t e s  a c lose  r e l a t i o n -  
s h i p  between drainage a r e a  and ex- 
pected peak discharge a t  5- and 
25-year recurrence  per iods .  This  
f i g u r e  can be used t o  p red ic t  peak 
discharge i n  headwater streams of  
t h e  Blue Mountains which have s i m i l a r  



Table 2--Computed peak discharge a t  se lec ted  
recurrence i n t e r v a l s  f o r  4 watersheds, 
High Ridge a r ea  

Recurrence Watershed 

i n t e r v a l  
1 2 3 4 

Years - - -  L i t e r s  pe r  second - - - 
2 42.8 49.7 102.6 176.3 
5 76.4 65.1 135.8 237.7 

10 90.6 70.8 158.5 263.2 
2 5 107.5 76.4 186.8 285.8 
50 116.0 79.2 206.6 300.0 

Watershed 4 - _,,..-----• 
/------ 

/' Watershed 3 
,-*------ -.----* 

///>--- 
- w@/ 

Watershed 1 
--c---- 

/ /c.----- Watershed 2 
/Y /  ---,,---.-----a 

Recurrence interval ( years 1 

Figure 8.--Peak discharge f o r  High 
Ridge watersheds a s  a function of  
recurrence period. 
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Figure 9.--Relationship between 
drainage area  and peak discharge 
f o r  5- and 25-year periods.  

exposure, vegetat ion,  and annual pre-  
c i p i t a t i o n  t o  t h a t  of t h e  High Ridge 
area .  

The s i z e  of culver t  needed f o r  a 
given peak discharge r a t e  depends on 
channel s lope.  Detailed methods f o r  
determining the  re la t ionsh ip  between 
channel s lope,  culver t  s i z e ,  and flow 
capacity were presented by Carter  
(1957) and Douglass (1974) . 

One of t h e  o r ig ina l  object ives  of  
t h e  High Ridge evaluation area was t o  
determine t h e  e f f e c t s  of timber har-  
ves t  on water y ie ld .  This analys is  
requires  l i n e a r  regress ions  of annual 
runoff between watershed 3 ( the  con- 
t r o l )  and each of  t h e  o the r  watersheds. 
The a b i l i t y  t o  de tec t  changes i n  
runoff a f t e r  timber harvest  depends 
on the  degree of cor re la t ion  between 
runoff from t h e  control  and each of 
t h e  o the r  watersheds. The data  and 
regressions a r e  p lo t t ed  i n  f igures  10, 

Watershed 3 (mm) 

Figure 10.--Relationship between 
annual runoff ,  watershed 3 (con- 
t r o l )  and watershed 1. Solid l i n e  
i s  p l o t  of bes t  f i t  regression 
equation. Dotted l i n e s  a r e  95- 
percent confidence l i m i t s  f o r  
individual  measurements. 



Canopy c losu re  and l imi t ed  a i r  
movement wi th in  t h e  s t and  reduce 
energy input  t o  t h e  s o i l  su r face .  
Snow cover maintains isothermal  

11, and 12. Confidence bands (95- 
percent  p robab i l i t y )  apply t o  an in -  
d iv idua l  measurement of  runof f .  1000 

The c o r r e l a t i o n  va lues  f o r  water- 
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Figure 11.--Relat ionship between 
annual runoff ,  watershed 3 (con- 
t r o l )  and watershed 2 .  So l id  l i n e  
i s  p l o t  o f  b e s t  f i t  r eg res s ion  
equat ion.  Dotted l i n e s  a r e  95- 
percent  confidence l i m i t s  f o r  
indiv idual  measurements. 

sheds 2 and 4 i n d i c a t e  t h a t  most of  
800 - t h e  v a r i a t i o n  i n  runoff  from t h e s e  

h 

E drainages i s  assoc ia ted  with runoff  
from watershed 3 .  The c o r r e l a t i o n  o f  -600 - * runoff  between watershed 1 and 3 i s  
lower. Increases  i n  runoff  a f t e r  t i m -  
be r  harves t  from watershed 1 must 
exceed 19 cm dur ing  an average year  
t o  be s t a t i s t i c a l l y  s i g n i f i c a n t  a t  
t h e  95-percent p r o b a b i l i t y  l e v e l  and 
15 cm a t  t h e  90-percent l e v e l .  / / 

0 I I I I I 
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Figure 12.--Relat ionship between 
annual runof f ,  watershed 3 (con- 
t r o l )  and watershed 4 .  S o l i d  l i n e  
is  p l o t  o f  b e s t  f i t  r eg res s ion  
equat ion.  Dotted l i n e s  a r e  95- 
percent  confidence l i m i t s  f o r  
i nd iv idua l  measurements. 

condi t ions  (near  0°C) from f i r s t  
snowfall  t o  e a r l y  June o r  mid-June. 
Maximum temperatures f o r  watershed 4 
i n  1976, f o r  example, a t  2 cm d i d  not  
exceed 20.6'~; a t  10 cm, 15.50C. 
Diurnal ranges o f  8° -100~  were ob- 
served i n  t h e  summer months. 

Water Temperature 

Stream temperatures fol low an ex- 
pected seasonal  t rend  s t rong ly  in -  
f luenced by dura t ion  of  snow cover 
and flow regime. Figure 13  i l l u s t r a t e s  
t h e  temperature progression of  maxi- 
mum and minimum 3-hour averages f o r  
watershed 4 f o r  t h e  years  1973 through 
1976. Temperatures o f  t h e  snow-covered 
streams range between 1°c and 2OC; 
d iu rna l  range i s  about 0.5OC. This  
conditon p e r s i s t s  through t h e  peak 
runoff  period;  s t ream temperatures 
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Figure 13.--Maximum and minimum 3-hour average stream temperatures f o r  
watershed 4 during sp r ing  and summer, 1973 through 1976. 

s t a r t  t o  r i s e  during t h e  recess ion  
p a r t  of  t h e  streamflow curve. 

During average p r e c i p i t a t i o n  years  
1974, 1975, and 1976, temperature 
maximums f o r  a l l  streams r a r e l y  ex- 
ceeded 10°c; during t h e  summer months 
minimums rose  i n t o  t h e  60C range. 
In  t h e  dry year  o f  1973, maximum 
water temperatures were c l o s e r  t o  
1 2 O C  during t h e  months of J u l y  and 

August and minimum temperatures near  
10°c, t h e  expected maximum during 
wet te r  years .  

A frequency d i s t r i b u t i o n  of  water  
temperature from watershed 4 between 
September 2 1 ,  1972, and September 20, 
1976, i s  i l l u s t r a t e d  i n  f i g u r e  14. 
The annual d i s t r i b u t i o n  i n d i c a t e s  
t h a t  stream temperature was between 
O°C and ~ O C  f o r  59.5 percent  of  t h e  



Degrees Celsius 

Figure 14.--Frequency d i s t r i b u t i o n  
o f  3-hour average stream tempera- 
t u r e  f o r  watershed 4. 

time. This d i s t r i b u t i o n  is  heav i ly  
weighted toward t h e  lower temperature 
because t h e  streams a r e  covered with 
snow about 6 months o f  t h e  year .  
When summer temperatures alone a r e  
p l o t t e d ,  a normal d i s t r i b u t i o n  with 
a mean range of  6Oc t o  8 ' ~  r e s u l t s .  

Watersheds 1, 2 ,  and 3 ( the  con- 
t r o l )  show s i m i l a r  seasonal  t r ends .  
Day-to-day v a r i a b i l i t y  i n  water 
temperature appears t o  be inve r se ly  
r e l a t e d  t o  amount o f  streamflow 
during t h e  summer months, whereas 

d iu rna l  range is l a r g e r  a s  flow in-  
c reases .  Watershed 1 has t h e  h ighes t  
day-to-day temperature f l u c t u a t i o n ,  
t h e  lowest d iu rna l  range, and o f t e n  
t h e  lowest annual runoff  of t h e  fou r  
watersheds. 

The degree-hour summaries of  water 
temperatures f o r  t h e  indiv idual  3-hour 
per iods  o f  t h e  day ( f i g .  15) i l l u s -  
t r a t e  t h e  period of  maximum d a i l y  
hea t ing  and cooling. During t h i s  
period i n  t h e  summer of  1974, water- 
shed 3,  t h e  con t ro l  watershed, ex- 
h i b i t s  o v e r a l l  va lues  s i m i l a r  t o  those  
of  watershed 4 ,  t h e  ad jacent  water- 
shed. Periods o f  minimum degree-hour 
accumulation a r e  between 0600 and 
0900 hours ,  a s  expected, f o r  a l l  
watersheds. Maximum degree-hour ac-  
cumulation i n  watershed 3 occurs 
between 1200 and 1500 hours; o the r  
watersheds show t h e  maximum accumula- 
t i o n  between 1500 and 1800 hours.  

Figure 16 i l l u s t r a t e s  t h e  r e l a t i o n -  
s h i p  between d a i l y  maximum tempera- 
t u r e s  f o r  s t ream and a i r  f o r  watershed 
4 during 1974. Stream temperatures ,  
a s  noted,  a r e  nea r ly  isothermal f o r  
a l a r g e  po r t ion  o f  t h e  year ,  and 

Watershed 3 Watershed 4 Watershed 1 

Hours 

Figure 15.--Degree-hour summaries f o r  3-hour per iods  f o r  watershed 1, 
3 ( con t ro l ) ,  and 4. 
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Figure 16.--Relationship between d a i l y  maximum a i r  and water 
temperatures f o r  watershed 4 (1974). 

day-to-day f luc tua t ions  a r e  small 
compared with the  va r ia t ion  i n  a i r  Table 3--Relationships between water 

temperatures i n  watershed 3 (con- temperatures. The coef f i c ien t  of t r o l )  and treatment  watersheds 

determination, R ~ ,  between a i r  and during ca l i b r a t i on  period 
water temperatures i n  watershed 4 
was 0.63. Watersheds Regression 

and period equation ,211 2/ During winter months, water tern- n- 
pera tures  a r e  near  OOC under t h e  March 21 t o  
severa l  f e e t  of snow cover. Correla- October 12, 1973: 

t i o n  of water temperatures between 3-4 (min.) ?=I. 038~-0.4241 0.98 206 

watersheds would obviously be near (max . ) ~=1 .098~-0 .2502  .98 206 

uni ty .  Table 3 l i s t s  the  computed 3-2  (min.) ~=0 .9517~+0 .0581  .90 206 

r e l a t ionsh ips  f o r  two periods-- (max . ) 9=0.9447~+0.3759 .90 206 

March 21 t o  October 12, 1973, and 
June 8 t o  

June 8 t o  September 14, 1973. The September 14, 1973: 

s t rongest  r e la t ionsh ip  i s  between 3-4 (min.) ~=1.0168~-0 .2766 0.97 99 
watersheds 3 and 4; between water- (max . ) ?=I. 0826~-0.0924 .97 99 

sheds 3 and 2 ,  t h e  weakest. Figures 3-2 (min.) ?=o. 8738~+0.  6887 .SO 99 
17, 18, and 19 i l l u s t r a t e  these  (max . ) ?=o. 8514x+1.2098 .60 99 

r e l a t ionsh ips  f o r  both maximum and 3-1 (min.) ?=I. 1877~+0.6925 .83 99 

minimum d a i l y  temperatures during (max . ) ?=o. 9893x+1.0001 .83 99 

the  summer of 1973. 
y ~ o e f f i c i e n t  of  determination. 

 umber of samples. 



I Maximum I 

Watershed 3 (OC) 

Wind 

The dense canopy of t h e  mature 
stand rap id ly  a t t e n t u a t e s  t h e  pene- 
t r a t i o n  of wind i n t o  t h e  depth of 
canopy and trunk space. Measurements 
were taken a t  6 m i n  watersheds 1, 
3, and 4 and a t  20 m i n  watersheds 1 
and 4. 

Wind a t  6 m i n  a l l  watersheds 
r a r e l y  exceeded 9.6 km per hour. 

follows: 
Figure 19.--Comparison of maximum 

For instance,  i n  watershed 1 from 
Figure 17.--Comparison of m a x i m  January 19, 1972, t o  J u l y  9, 1976, 

and minimum water temperatures when t h e  recorder was removed p r i o r  
of watershed 3 with those of  t o  logging, only 3.08 km of wind 
watershed 1. t r a v e l  were a t  speeds g rea te r  than 

9.6 km per  hour. Total  wind t r a v e l  
20 -  , i I I 20 1 1 1  f o r  t h i s  period was 4 674 km; average 

and minimum water temperatures 
of  watershed 3 (control)  with 
those of  watershed 4. 

speed was only 0.16 km per  hour. 
A t  20 m i n  watershed 4 ( a t  the  

main canopy level )  between August 14, 
1975, and Ju ly  9, 1976, t o t a l  wind 
t r a v e l  was 23 665 km, over four times 
t h a t  of watershed 1. This t o t a l  was 
d i s t r i b u t e d  among windspeed c lasses  

I5 - 
0 - l 0 -  
(U 

u 

5 -  
w 
C 

P 0 -  

- 5 

15 

5 lo: 

0 

-5 

- -. .:.. . 
4.: ..: 
s - 4  .- ;.r 

a'. /: - 
Maximum 

- : I; 1: 26 -5 ib I; a s  follows: 
Watershed 3 ( O C )  

Speed (km/h) Total t r a v e l  (km) 

Figure 18.--Comparison of  maximum 0-9.59 18 076 
and minimum water temperatures 9.60-16.09 4 768 
of watershed 3 (control)  with 16.10-24.09 763 
those of watershed 2 .  24.10-31.19 53 
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Watershed 3 ( O C  1 is shown i n  the  d i rec t ion  c lasses  as  
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Average windspeed f o r  t h e  period was 
3.3 km/h. 

Wind d i rec t ion  var ied  with locat ion.  
Although t h e  d i rec t iona l  constancy of 
winds below 9.6 km/h, t h e  speed c l a s s  
most commonly observed a t  t h e  6-m and 
20-m leve l s  beneath t h e  canopy, i s  



Watershed Height Period Tota l  t r a v e l  by quadrants 
(Meters) N S E W - - - - - -  Percent - - - - - - 

1 6 8-14-75 t o  7-9-76 2 7 54- 18 1 
3 6 10-14-72 t o  3-7-73 7 4 1 5 1 2 
4 6 10-15175 to 7-9-76 2 3  25 3 7 15 
1 20 8-14-75 t o  7-9-76 24 3 3 3 0 12 
4 20 8-14-75 t o  7-9-76 17  5 9 9 16 

Immediate and s u b s t a n t i a l  changes 
i n  both speed and d i r e c t i o n  o f  wind 
a r e  expected t o  occur with removal 
of  canopy i n  t h e s e  watersheds. 

A t  20 m i n  watershed 1 (beneath 
t h e  l i v e  canopy which extended t o  
30 m o r  more), on ly  12.6 km of  wind 
between August 14, 1975, and J u l y  9,  
1976, exceeded 9.6 km p e r  hour. 
Tota l  wind t r a v e l  was 5 160 km, and 
average speed was 0.67 km pe r  hour.  

Air Temperature 

Figure 20 i l l u s t r a t e s  t h e  maximum 
and minimum a i r  temperatures  f o r  
watershed 3, t h e  con t ro l ,  f o r  a dry  
year (1973) and an "average" year  
(1975). Temperatures i n  t h e  d ry  
year a r e  gene ra l ly  warmer, espe- 
c i a l l y  i n  t h e  e a r l y  sp r ing  and summer 
months. 

Figure 2 1  shows t h e  accumulation 
of a i r  temperature degree-hours f o r  
t h e  watersheds f o r  s eve ra l  per iods  
dur ing  summer and f a l l  o f  1974. 
Periods a r e  o f  about 6 weeks. Data 
f o r  watershed 2 f o r  t h e  i n i t i a l  per iod  
were not  ava i l ab le .  Periods o f  maxi- 
mum and minimum temperatures f a l l  
gene ra l ly  wi th in  t h e  same 3-hour 
per iods  within a l l  watersheds. In- 
f requent ly ,  t h e  maximum 3-hour 
degree-hour accumulation w i l l  f a l l  
within t h e  1500-1800 time per iods ,  
but gene ra l ly  maximum accumulation i s  
during hours 1200-1500 and minimum 
between 0300 and 0600 hours.  

The g r e a t e r  d iu rna l  temperature 
range i n  watershed 4 can be seen by 
t h e  lower accumulation of  degree-hours 
dur ing  t h e  t h r e e  3-hour per iods  from 
0000 t o  0900 i n  t h e  graph f o r  water- 
shed 4 (lower r i g h t  i n  f i g .  21).  The 
index l i n e  is  a t  4 000 degree-hours.  

- 10 
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Figure 20.--Maximum and minimum a i r  temperatures f o r  watershed 3 
(cont ro l )  dur ing  sp r ing  and summer, 1973 and 1975. 



Figure 21.--Accumulation of a i r  temperature degree-hours f o r  se lec ted  
periods during 1974. 

Daytime maximum temperatures a r e  changed. Present plans a r e  t o  con- 
s imi la r  within a l l  watersheds. t inue  measurements f o r  about 3 years, 

Correlat ion coef f i c ien t s  and re -  then t o  analyze and publish t h e  r e s u l t s .  
gression equations f o r  t h e  comparisons 
between a i r  temperature i n  watershed Table 4--Relationships between a i r  
3 (control)  and other  watersheds a r e  temperatures i n  watershed 3 

given i n  t a b l e  4 .  Figures 22,  23 ,  (control)  and treatment watersheds 

and 24 a r e  graphs of t h e  maximum and during ca l i b r a t i on  period 

minimum temperatures f o r  t h e  c a l i -  
b ra t ion  period. Maximm temperatures Watersheds 

and Regression equation R2L/ 2/ 
a r e  general ly b e t t e r  corre la ted  f o r  n- 

periods 
a l l  combinations than a r e  minimum 
temperatures. 

From t h e  l a r g e r  d iurnal  range ex- 
h i b i t e d  i n  watershed 4 ,  a locat ion 
with a l e s s  dense overstory than other  
s i t e s ,  the  expected change i n  t h e  
temperature s t r u c t u r e  a f t e r  timber 
harvest  can be seen. We may a n t i c i p a t e  
f u r t h e r  increases i n  t h e  d iurnal  range 
i n  watershed 4 and a t  o ther  s i t e s  with 
increased exposure. 

The i n i t i a l  timber harvest  was made 
i n  1976. A cursory look a t  t h e  post-  

Ju ly  14 t o  
December 20, 1974: 

3-4 (min.) 9-0.4665+0.7138x 0.94 132 
(max.) P=0.4955+0.9978~ .99 133 

3-1 (min.) 9=0.3262+0.9493~ .99 142 
(max.) f=0.2256+0.9783~ .99 142 

August 22 t o  
December 20, 1974: 

3-2 (min.) $=-0.0089+0.9081~ .97 122 
(max.) ~=0.0402+1.0020x .99 122 

'Goefficient of determination. 
harvest  da ta  ind ica tes  t h a t  some hy- "Number of  samples (varied because of  
droclimatic va r iab les  were markedly missing da ta) .  



Wotershed 3 ( O C )  

Figure 22.--Relationship between maximum and minimum air temperatures 
in watershed 3 (control) and watershed 1. 

Wotershed 3 ( O C '  

Figure 23.--Relationship between maximum and minimum air temperatures 
in watershed 3 (control) and watershed 2. 



-10 0 10 20 30 
Watershed 

Figure 24.--Relationship between maximum and minimum a i r  temperatures 
i n  watershed 3 (control)  and watershed 4.  
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The mission of the PACIFIC NORTHWEST FOREST AND 
RANGE EXPERIMENT STATION is to provide the knowl- 
edge, technology, and alternatives for present and future 
protection, management, and use of forest, range, and related 
environments. 

Within this overall mission, the Station conducts and 
stimulates research to facilitate and to accelerate progress 
toward the following goals: 

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

2. Developing and evaluating alternative methods and levels 
of resource management. 

3. Achieving optimum sustained resource productivity 
consistent with maintaining a high quality forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results of  the research are made 
available promptly. Project headquarters are at: 

Anchorage, Alaska 
Fairbanks, Alaska 
Juneau, Alaska 
Bend, Oregon 
Corvallis, Oregon 

La Grande, Oregon 
Portland, Oregon 
Olympia, Washington 
Seattle, Washington 
Wenatchee, Washington 

Mailing address: Pacific Northwest Forest and Range 
Experiment Station 

809 N.E. 6th Ave. 
Portland, Oregon 97232 
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