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SITE CLASSIE'ICATION FOR EVEN-AGED STANDS 
OF WESTERN HEMLOCK- -- 

George H. ~ z r n e s l /  

In  1937 n o r m ~ l  y i e l d  t a b l e s  were compiled by ~ e y e r u  f o r  even-aged 
stands of Si tka  spruce and Western hemlock. The bas ic  d a t s  from which 
the  t s b l e s  were compiled were col lec ted  over the  e n t i r e  cozsts.1 range of 
the  species ,  extending from southern Oregon through Weshington end 
B r i t i s h  Columbia t o  southeastern Alaska. Datz were obtained from tem- 
porary sample p l o t s  esta-blished i n  even-aged stznds,  the  composition by 
species varying from pure hemlock t o  pure spruce. Douglas-fir and West- 
ern  redcedar occurred t o  a minor extent  on many of the  p lo t s .  

The author i s  g r a t e f u l l y  indebted t o  the  msny cooperators who contrib-  
uted t o  t h i s  study. Acknowleb~ement is due espec ic l ly  t o  members of 
the  B r i t i s h  Columbis Forest  S o r  data  co l l ec ted  i n  tkt  Prov- 
ince; t o  the T i  of Region 10 of the  U .  S. Forest  
Service f o r  d a t  t o  t h a t  of Region 6 of the  U .  
S. Forest  Servic ocst ing stznds from which addi- 
t i o n a l  da t -  a wer cted;  t o  Wilbur Engstrom znd others of the  
Oregon S th te  Fo Is s t a f f  f o r  a ss i s t ance  i n  co l l ec t ion  and com- 
p i l a t i o n  of data--this being mzde poss ib le  by funds derived through 
the Forest  Research and Experiments1 Tzx Act of 1947; t o  Thomas G. 
Wright, formerly with the .Univers i ty  of B r i t i s h  Colwnbia, f o r  addi- 
t i o n a l  data;  t o  f o r e s t e r s  of Crown Zellerbach Corporation and 
Weyerh~euser Tirnber Comp~ny f o r  help  i n  locat ing s u i t a b l e  s t ~ n d s  f o r  
add i t iona l  sampling; and t o  Jack E. Wilson, grzduate student  a t  Oregon 
S t a t e  College, f o r  preliminzry analyses. 

2/ Meyer, W. H. Yield of even-aged stands of Sitkc, spruce and western 
hemlock. U. S. Dept. Agric. Tech. Bul. 5 4 ,  86 p. 1937. 



In compilation of the base tables zll the available data were 
treated as a single mass without any segregation by species composition 
or by geogrzphic locztion, Thus, one set of site index curves was com- 
piled, which wzs intended for use over the entire coastal range of the 
species and to pure stands as well as zll mixtures of both spruce and 
hemlock, 

Since publication and field test of the tables, numerous reports 
- have been received that the site index schedules lead to erroneous site 

determination when applied to hemlock stznds. Specific criticisms are 
to the effect that the curves are too low at zges of less than 100 years 
and too high at ages of more than 100 years. Observations of the Ex- 
periment Station have tended to confirm the reports. 

In 1946 the matter was presented to the West Coast Forestry Pro- 
cedures Committee. This body recommended that an attempt be mzde to 
explain the discrepancies, and that the tables be revised if it seemed 
necessary. In response, this present study was started. 

Among the possible causes of the errors it was felt t h ~ t  the policy 
of combining data from such a wide range of territory and of species 
composition might be of greatest significance, On this account, Wilson, 

, a graduate student at Oregon Stzte College working under the author, con- 
ducted a preliminary investigation of the form of the site index curves 
with respect to geogr~phic location and to species composition, A 
written report of this work was ne$er filed, but the results gave direc- 
tion to further analyses, 

Analysis of Originel Data 

In Wilson's study the basic data used in compiling the origins1 
spruce-hemlock tables were segregated according to plzce and species com- 
position. By place, Alaska, British Columbia, and Oregon-Washington 
were recognized. Species composition was evaluated according to the per- 
centage of the total plot bas21 area contributed by hemlock and spruce. 
percentage groups recognized were: 

Hemlock - 80 to 100 percent, 60 to 80, 2nd 40 to 60 

Spruce - 80 to 100 percent and 60 to 80 

A regression e~~uation of the second degree was computed m d  plotted 
for each of the place and species groups showing the relation of total 
height of domin~nt &nd coaominznt trees to age of stand. The height used 
in the correlations was that of the hemlock trees only for the hemlock 
species group, and of the spruce trees only for the spruce group. Graph- 
ical comparison of the curves showed: 



Nowhere d id  the  curves f o r  the  severa l  composition 
c lasses  of hemlock d i f f e r  s i g n i f i c a n t l y  from each other 
i n  e i t h e r  l e v e l  o r  form. There seemed t o  be l i t t l e  
j u s t i f i c a t i o n ,  therefore ,  f o r  recognizing the  percent- 
age groups of hemlock. Some di f ference  appeared t o  
e x i s t  i n  the  form of the  spruce composition percentage 
curves, but t h i s  phase of the  inves t igat ion has not  been 
ca r r i ed  f a r  enough t o  reach a d e f i n i t e  conclusion. 

(2)  When percentage composition was eliminated a s  a var iable ,  
the  height-over-age curves from the d i f f e r e n t  t e r r i t o r i e s  
d e f i n i t e l y  occupied d i f f e r e n t  l eve l s .  The Oregon- 
Washington curve assumed the  h ighes t  pos i t ion  rezching 
a l e v e l  of 153 f e e t  a t  100 years. The B r i t i s h  Columbia 
curve reached 127 f e e t  and the  Alaska curve 104 f e e t  a t  
100 years ,  This would ind ica te  t h a t  b e t t e r  s i t e s  tend t o  
p reva i l  a t  the  southern range and poorer s i t e s  a t  the 
northern range of the  species.  When these curves were 
a d j u s t e d g  t o  pass through a l e v e l  of 130 f e e t  z t  an 
age of 100 years on a percentape bas is ,  t h e i r  form was 
very s imi la r .  This indicated t h a t  there  was no need of 
separa te  place curves, and t h a t  the d i f ferences  i n  l e v e l  
were due only t o  d i f ferences  i n  average s i t e  a t  the 
three  p laces ,  

(3) There was considerable d i f fe rence  i n  the  form of the  
hemlock and spruce curves, the spruce continuing t o  r i s e  
a t  a much higher r a t e  a f t e r  an zge of 100 years thzn t h e  
hemlock. This indicated the  need of separa te  s i t e  index 
curves f o r  each species.  

( 4 )  Basic data  f o r  hemlock were very sparse above the  age of 
90 years,  and below the zge of 30 years. Most of the  
p l o t s  above 90 years of 5-ge were of the  spruce group. 
In  f a c t  Meyer reported t h z t  i n  co l l ec t ing  the  o r i g i n a l  
dat& very few even-aged stznds of hemlock over 100 yezrs 
were found i n  Oregon and Wzshington, but  were of more 
frequent  incidence i n  B r i t i s h  Columbia and Alaska. Since 
the  oripins-l  basic data  were hesvi ly  weighted with spruce 
p l o t s  a t  ages over 90 y e w s  on the r e l a t i v e l y  good s i t e s  
of Oregon and Washington, 2nd s ince  the  height  of spruce 
t r e e s  was used as the  bas i s  of s i t e  on these p lo t s ,  t h e  
o r i g i n a l  s i t e  index curves were carr ied  t o  too  high a 
l e v e l  f o r  zdequate determinztion of s i t e  on the  bas is  of 
hemlock heights .  

- , . - 
3/ Each place curve was adjusted t o  pass through a height  of UO f e e t  a t  

100 years.  The U. S. curve was reduced throughout i t s  length  by the  
r a t i o  of 131)/153 o r  by 85 percent.  The B. C.  curve was ra i sed  by the  
r a t i o  of i30/127 o r  by 102 percent,  and the  Alaska curve by 130/104 
o r  125 percent s o  t h a t  the  form of the  curves could be compared di -  
r e c t l y .  



Additions1 Data Gathered 

Since \Cilsonls prel iminrry ana lys i s  showed L s c z r c i t y  of da tz  f o r  
herniock i n  stands of 90 y e w s  end over hnd i n  stiinds 30 years and under, 
the  wr i t e r  with a s s i s t a n t s  used the  summer season of 1947 t o  g e t  f u r t h e r  
dats. i n  these age ranges. The young s t rnds  were found without d i f f i c u l t y  
but even-aged stends above 90 years were extremely ra re ,  e spec ia l ly  on 
t h e  b e t t e r  s i t e s .  k few hddi t ional  s t t n d s  of more then 90 yezrs were 
found st high e levat ions  i n  the  Cotst  Rmge ~ n d  i n  the Olympics. These 
s tands ,  of course, occupied r e l a t i v e l y  poor s i t e s .  Few even-aged s tsnds  
beyond 100 yeers could be found f o r  f u r t h e r  sampling a t  the  lower eleva- 
t i o n s  and on good s i t e s ,  In  order t o  bslance the  dzta  obtained on the  
poor s i t e s ,  it was necessary f i n ~ l l y  t o  take some observations on t r e e s  
t h a t  had always been dominant i n  uneven-zged p e r t i a l l y  stocked stands. 

Method of Compilztion. 

The stzndard procedure ss described by Bruce end ~ c h u m z c h e r u  was 
useu i n  compiline t h e  s i t e  index curves, using both the  o r i g i n a l  da ta  and 
the  new deta  col lec ted  i n  1947. Beczuse of t h e  wide geographic range 
from which the  da ta  were co l l ec ted ,  however, it was found t h a t  the  curve 
of h e i ~ h t  over age wzs b e t t e r  defined by compilinp the Oregon-Washington, 
the  B r i t i s h  Columbia, and the  Alaska data  separately.  Furthermore, the re  
appear& t o  be some corre lh t ion between s i t e  en6 Sge when the  e n t i r e  mass 
of data  wzs t r e a t e a  a s  a s i n p l e  u n i t .  After curves f o r  each place had 
been derivea independently, each of them w&s sd jus ted  proport ionately t o  
pass t h r o u ~ h  a h e i ~ h t  of 100 f e e t  a t  70 years of age--70 yeers beinp the  
approximate average ape of rll  the  data .  The th ree  adjusted curves 
p lo t t ed  very close toyether.  Minor discrepancies were removed by merely 
taking an averege of the  three .  This average curve w s s  used i n  loca t ing  
the  f i n ~ l  s e t  of s i t e  index curves presented herewith, where s i t e  index 
is defined a s  the  average to t r ; l  height  a t t e ined  o r  t o  be z t t a ined  by 
dominant znd coaominant hemlock t r e e s  of' the  stsnci a t  an ege of 100 
years.  See t ab le  1 and f i ~ r e s  1 and 2. 

The revised curves d i f f e r  very l i t t l e  from Meyerls o r ig ins1  up t o  
100 years of age, but beyond t h i s  point  the d i f ferences  cont inus l ly  in- 
crease t o  zs  much e s  40 f e e t  a t  200 ye r r s  of age f o r  s i t e  index 200. 

Continu8tion of Projec t  

Further work of compiling the  y ie ld  t ab les  t o  accord with the  re- 
vised s i t e  index c l a s s i f i c s t i o n  continues. Much of t h i s  has a l ready been 
completed and new y ie ld  t ab les  f o r  Western hemlock should be ava i l ab le  
within the  year. Meanwhile, the  new s i t e  index c l & s s i f i c a t i o n  given i n  
t a b l e  1 and f ipures  1 bnd 2 shouid be used f o r  rb t ing  the  productive 
capaci ty  of hemlock lands. 

Similar  schedules may be compiled f o r  s tands which a r e  predominently 
spruce ~ f t e r  the  work on hemlock has been completed. 

4/ Bruce, D. and F. X. Schumacher. Forest  mensuration. McGraw-Hill, 
N.Y. 1935. 



Teble 1.--Site index c l s s s i f i c z t i o n  f o r  Wesjiern hemlock s tznds ,  based on the  average 
t o t d  height  of dominant ~ n d  codo~ninant t r e e s  st 100 yeErs of age , 

I__- - - -  

Age S i t e  index --- 
b e e r s )  60 70 80 loo 110 120 130 140 150 160.- 170 180 EQ-200 90 - 

Height i n  f e e t  

Compiled by Bzrnes, 1948, from dsta col lec ted  i n  Oregon, Washington, B r i t i s h  Columbia, and Alaska. 
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Figure No. 2 Alinement chart for determination of site index for Western hemlock 
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