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Abstract Even-aged stands o f  larch i n  Oregon and Washfngton have cubic 
volume yields s imi lar  t o  y ie lds from larch i n  Idaho and Montana. 
S i te  index values derived from the heights o f  the single t a l l e s t  
t ree  on 1/5-acre p lo ts  a t  an age a t  breast height o f  50 years 
range from 50 t o  110 feet. These values have the same index t o  
product iv i ty  as the s i t e  index values o f  30 t o  90 fee t  based on 
average height o f  dominant and codominant t rees a t  a t o t a l  age o f  
50 years. Maintaining basal area levels between 45 and 75 
percent o f  normal once trees reach commercial s ize Is 
recommended. 

Keywords: S i te  index, increment (height), y ie ld  ( forest) ,  
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Introduction Western larch ( L a r i ~ ~ t a l i s  Nutt.) i s  an important 

commercial species i n  the mixed conifer forests east o f  the 

Cascade Range i n  port ions of Oregon and Washington. Larch occurs 

along the east slopes o f  the Cascades i n  Washington and north- 

central Oregon, i n  the Ochoco Mountains i n  Oregon, i n  the Wallowa 

and Blue Mountains of northeastern Oregon and southeastern 

Washington, and i n  the Okanogan Highlands i n  northeastern 

Washington. Larch i s  an aggressive p ioneer species, ex 1st ing f n 

nearly pure, seral stands and also as a component with 

Douglas-fir (- (Mirb.) Franco), grand fir 

(Abfes (Dougl. ex D. Don) Llndl.), Engelmann spruce 

(Pic- Parry ex Engelm.), lodgepole pine (P- 
m o r t a  Doug I. ex Loud. 1, and ponderosa p i ne ( P v  
Dougl. ex Laws.). 

P.H. COCHRAN i s  a sol  l sc ien t i s t  a t  the 
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The most serious pest of larch in  the Northwest i n  recent 

years has been the larch casebearer (C&s@m,caWella 
(Hubner)), an introduced insect. Some native and introduced 

parasites now appear t o  be br inging the casebearer under control. 

Larch i s  easi l y estab l ished and has rap id  ear ly  growth. With 

control o f  the casebearer l i k e l y  wi th in the next decade, larch 

may be even more important in  future managed forests i n  Oregon 

and Washington. 

Most o f  the research on western larch has been conducted i n  

Montana and Idaho. A summary o f  much o f  t h i s  research i s  

available i n  Technical Bu l l e t i n  1520 (Schmidt and others 1976). 

This research note presents s i t e  index and height growth curves 

f o r  even-aged larch stands constructed from data col lected in  

natural stands i n  Oregon and Washington. Equations are given fo r  

converting these s i t e  index values t o  those o f  Bu l l e t l n  1520. 

Equations describing normal basal area and volume fo r  stands 

presented i n  Bu l l e t i n  1520 appear applicable f o r  use in  Oregon 

and Washington. Tests o f  t h i s  app l i cab i l i t y  are presented. 

Final ly,  stocking level curves f o r  use in  management o f  even-aged 

larch stands are given. 

Site Index and Si te  index curves are used t o  indicate the potent ial  product iv i ty  

Heim Growth Curves of  forest  l and. The s i t e  index curves presented g ive the est i- 

mated height of  the t a l l e s t  t ree  when the age a t  breast height o f  

tha t  t ree  i s  50 years. The height growth curves define the 

average pattern of height development fo r  the t a l l e s t  trees in  

stands o f  a given s i t e  quality. Height growth curves are 

appropriately used fo r  construction of  y ie ld  tables but do not 

provide optimum estimates o f  s i t e  index from measured height and 

age in  an ex i s t  ing stand (Curt i s  and others 1974). 



Construction Method The method used i s  out l ined by Cochran (1979b) and i s  s imi lar  t o  

tha t  used by Barret t  (1978) and Dahms (1975). The basis o f  the 

method was suggested by Cur t is  and others (19741, and an ou t l i ne  

i s  presented in  the appendix. 

The age o f  50 years a t  breast height (bh equals 4.5 feet)  was 

chosen as the index age. The s i t e  index here i s  def ined as the 

height o f  the single t a l l e s t  t ree  on a 1/5-acre p l o t  a t  a bh age 

o f  50 years. Stem analysis data from 18 p lo ts  i n  Oregon and 5 

p lo ts  i n  Washington were used t o  construct the curves. 

Some o f  these p lo ts  were sampled i n  an ea r l i e r  study (Cochran 

1979a, 1979b, 1979~1, and they contained Douglas-fir o r  grand 

f ir. These 1/5-acre p l o t s  d i d  have a t  l east one dominant l arch 

which was as t a l l  as or  t a l l e r  than the t a l l e s t  Douglas-fir o r  

grand fir. Stem analysis showed tha t  these larch had maintained 

t h i s  dominance during the l i f e  o f  the stand. Most of the p lo ts  

used f o r  constructing curves had a t  least three dominant larch, 

and some 1/5-acre p lo ts  sampled were pure or  nearly pure larch. 

The character ist ics o f  the  p lo ts  sampled fo r  construction o f  s i t e  

index and height growth curves are given by Cochrsn (1979b). 

Br ie f ly ,  these p lo ts  were even aged and had not been disturbed 

during t h e i r  history. A t  the time o f  sampling, the crown canopy 

was closed o r  nearly closed but the closure had only recently 

occurred. Suppressed trees were absent o r  nearly so, and 

competition between trees su f f i c ien t  t o  reduce height growth on 

the dominants was not apparent. The dominant t rees d id not 

contain a group o f  narrow annual r ings o r  show any evidence o f  

top damage. Some p lo ts  were rejected a f te r  sampling because 

abrupt breaks i n  height growth determined from stem analysis 

showed evidence o f  past damage even though t h t s  damage was not 

v i s i b l e  a t  the time o f  sampling. 



Up t o  f i v e  of  the t a l l e s t  larch trees on each p l o t  were f e l l e d  

and sectioned a t  a 1-foot stump, a t  4.5 feet  (bh), a t  10 feet, 

and then a t  10-foot intervals up the stem. Rings were counted a t  

each section and were recorded fo r  the appropriate height. 

Height was p lot ted as a function o f  age a t  breast height fo r  each 

sectioned t ree  on a single sheet o f  graph paper fo r  each plot .  

A l l trees fo r  the same p l o t  were graphed together t o  determine i f  

the same t ree  had always been the t a l l e s t  f o r  i t s  age. Sh i f ts  i n  

the t ree  o f  maximum height with age occur with Douglas-fir and 

whlte o r  grand f ir (Cochran 1979b, 1979~) and also with lodgepole 

pine (Dahms 19631, but they occurred with larch on only one 

plot .  Freehand curves o f  height over age a t  breast height were 

drawn f o r  each tree. The highest points a t  each decadal age 

interval  f o r  each p l o t  were used in  construction o f  the s i t e  

index and height growth curves. The s i t e  index fo r  each p l o t  was 

defined as the t a l l e s t  height a t  bh age 50 read from the graph o f  

heights versus age a t  breast height fo r  tha t  plot. Procedures 

from t h i s  point are given in  the appendix. An understanding o f  

curve construction leads t o  an appreciation o f  t h e i r  proper use, 

so the appendix i s  recommended reading even fo r  the occaslonal 

user. 

The d i s t r i bu t i on  o f  p lo ts  by  s i t e  index was: 



The average s i te  index was 78.1 feet. Because few stands were 

sampled beyond a bh age of 100 years, the curves were limited to  

bh ages of  100 years or less ( f ig .  1 ) .  

Figure 1.--Site index (sol I d  I ines) and 

height growth (dotted lines) curves for 

western larch. 



Estimating Sie Index The fol lowing procedure i s  advised f o r  determining the s l t e  index 

o f  a stand: 

A. Select sui table p lo ts  with the fol lowing characterist ics: 

(1) Even aged a t  the groundline (pract ical ly,  there are no 

remnants from ear l i e r  stands and the present stand i s  

one stor  Ted). 

(2)  No v i s i b l e  signs o f  past growth suppression or  top 

damage. 

B. Establish boundaries o f  a 1/5-acre p l o t  with a prespecified 

shape. 

C. Measure the height o f  the three t a l l e s t  t rees on the plot. 

D. Extract increment cores from these trees t o  determine t h e i r  

age a t  breast height. 

E. Use the breast high age and t o t a l  height f o r  each t ree  t o  

determine a s i t e  index value fo r  each tree. 

(1) Use f igure  1 ( the s i t e  index curves, not the height 

growth curves) f o r  rough f i e l d  estimates. 

( 2 )  Obtain a more precise estimate by using the appropriate 

a and b values i n  table 1 t o  solve the equation, 

S i te  index = 4.5 fee t  + a + b (height - 4.5 feet) .  (1) 

(3 )  The appropriate equation in  the appendix can be used with 

a calcuiator. 



Table 1--Values for a and b by years between decades for the family of regressionsl' 
for estimating site index for western larch 

0 1 year 2 years 3 years 4 years 5 years 6 years 7 years 8 years 9 years 

Age a t  
breast 
height a b a b a b a b a b a b a b a  b a b a b  

Years - 

-- 

.~ /TO estimate s i t e  index select the appropriate a and b values f o r  the breast high age o f  the sample tree. Substitute these values i n  the equation. S i te  
index - 4.5 feet = a + b ( t o t a l  height - 4.5 feet). For example, for a sample tree 48 years o l d  a t  breast height and 60 fee t  i n  t o t a l  height, solve the 
equation S - 4.5 = 0.920 + 1.020 (60 - 4.51, fo r  a s i t e  index o f  62.0 feet. 

F. Record as the s i t e  index value fo r  the plot, the highest o f  

the three values determined. 

For p lo ts  i n  even-aged stands with Douglas-fir and grand f ir as 

well as larch, the t a l l e s t  three t o  f i v e  trees should be sampled 

regardless of  species. The s i t e  index fo r  Douglas-fir and grand 

f ir should be determined as described by Cochran (1979b, 1979~). 

The s i t e  index of the p l o t  i s  the highest s i t e  index determined 

regardless o f  species. Even though shapes o f  the curves fo r  the 

three species are different, there i s  probably no pract ical  

difference in  the heights a t  bh age 50 fo r  the three species on 

the same sl te.  

Differences in  heights of the three species on the same p l o t  a t  

age 50 may be a re f l ec t i on  of s l i g h t l y  uneven ages resul t ing i n  

s l i g h t  suppression i n  height growth o f  the younger trees or  top 

damage t o  some species but not t o  others. 

For s i t es  capable o f  supporting closed crown canopies i n  Oregon 

and Washington, s i t e  index values f o r  larch as defined here do 

not range much below 50 feet. When a proper estimating procedure 

yields a lower s i t e  index, past top damage or  high stand density 

has probably reduced height growth. Highest s i t e  indexes do not 

exceed 110 feet  fo r  any substantial amount o f  area. 
7 



Relationship to Other For the  s i t e  index curves i n  B u l l e t i n  1520 (Schmidt and others 

Curves for Larch 19761, an age o f  50 years a t  groundline rather than a t  breast 

height i s  used. Also, the height i n  the s i t e  index system o f  

B u l l e t i n  1520 i s  not  the  height o f  the t a l l e s t  t r ee  on a 1/5-acre 

p l o t  but  the average height o f  the dominant and codominant 

trees. Age a t  breast height i s  easier t o  determine than age a t  

groundline. Height o f  the  s ing le  t a l l e s t  t r ee  on a 1/5-acre p l o t  

i s  easier t o  determine than the  average height o f  the dominants 

and codominants p a r t l y  because o f  problems i n  def in ing a 

codominant. Further, the  number o f  dominant and codominant t rees 

changes w i t h  t ime. Therefore, s i t e  index curves cons@cted from 

stem analysis would not do a good job o f  pred ic t ing a s i t e  index 

based on a d i f f e r e n t  number o f  dominants and codominants a t  ages 

younger than the  maximum age shown by the  curves. 

Equations t h a t  use age as a var iab le  i n  B u l l e t i n  1520 use 

groundllne o r  t o t a l  age ( A l l .  For 10 p lo t s  o f  even-aged larch i n  

Oregon and Washington wi th  s i t e  index values ( S )  ranging from 54 

t o  100 feet, the  age a t  groundline was determined by digging 

around the  stumps, cu t t i ng  the  stump a t  groundline, and counting 

the  r ings  f o r  a t  least  f i v e  dominant and f i v e  codomlnant trees. 

Age a t  bh ( A )  was also determined by r i n g  count. The average 

number o f  years necessary t o  reach 4.5 f ee t  f o r  dominant and 

codominant t rees is: 

2 R i s  0.31 and the  standard e r ro r  Is 1.7 years. 

B u l l e t i n  1520 gives s i t e  index values o f  30 t o  80 f e e t  whereas 

Reg ion 1 ( Northern Reg ion Forest Serv ice Handbook (FSH 2409.21 g 

R1, November 1970, Management o f  Western Larch--Northern Region) 

presents s i t e  index values rang ing f rom 30 t o  90 feet. I f  we 

assume t h a t  the  s i t e  index values f o r  Region 1 (S1) o f  30 t o  90 



feet are equivalent t o  the same ranges o f  heights as the s i t e  

index values ( S )  o f  50 t o  I10 feet  as determined f o r  the 

Oregon-Washington data, then, 

So tha t  t h i s  assumption could be tested, some summaries o f  the 

or ig ina l  data used t o  construct the curves presented i n  Bu l l e t i n  

1520 were obtalned.l/ These sumnar les had age a t  ground1 ine, the 

s i t e  index S1, and numbers o f  t rees with t h e i r  average height by 

1-inch diameter classes fo r  each plot .  Eighty-six p lo ts  were 

picked where the height of  the t a l l e s t  larch t ree  could be 

obtained. For these p lo ts  t o t a l  age ranged from 15 t o  114 years, 

and St ranged from 24 t o  84 feet. Next, S was calcu l ated from 

equation (3)  and then an age a t  4.5 fee t  was determined from 

equation (2) f o r  each p lot .  With t h i s  age as the age o f  the 

t a l l e s t  tree, the s i t e  index from the appropriate equation in  the 
A 

appendix was calculated. This s i t e  index, S, was then related t o  

the s i t e  index, S1, given fo r  the plot .  The resu l t  is: 

2 R i s  0.81 and the standard error i s  7.5 feet. 

?Data furnished by Ward W. McCaughey, 

Forester, Forestry Sciences Laboratory, 

Intermountain Forest and Range Experiment 

Station, Boreman, Montana 59717, March 3, 



The sum of  squares o f  the difference between S--determined from 
A 

equation (3)--and S (SS3) was calculated fo r  the 86 plots. This 

sum of  squares was used with the sum of  squares determined in  

obtaining equation (41, SSqO t o  t e s t  the j o i n t  hypothesis tha t  

the slope and intercept are 1 foot  and 20 feet, respectively: 

F with 2 and 84 degrees o f  freedom was 0.2, and equat ion (3) was 

cons i dered va l id, 

N m l  Basal Areas To t e s t  the val i d  i t y  o f  equat tons i n  Bu l l e t  i n  1520 (Schmidt and 

andV01umeY~~s others1976)fordescr ib ingnormal  basa lareaandvolumeyie lds ,  

I assembled 154 observations o f  the necessary stand data from 

Methods prism points o r  p lo ts  ( a t  least 1/5-acre i n  size) taken i n  stands 

across the range o f  larch in  Oregon and Washington. O f  these 154 

samples, 116 were i n  32 even-aged larch stands ( 2  t o  16 

observations per stand), and the remaining samples were taken i n  

small, scattered pockets o f  even-aged larch less than 2 acres i n  

size. On a l l  the points o r  p lo ts  a t  least 60 percent o f  the 

basal area was in  larch. The s i t e  Index of  each sample was 

determined by measuring the height and age a t  breast height of  a t  

least the  three t a l l e s t  trees, by calculat ing the s l t e  index fo r  

each of  these trees from the appropriate equation given In the 

appendix, and by assigning the highest value obtained as the s l t e  

index fo r  the sample. Age a t  breast height was also determined 

f o r  a t  least three codominant trees, and the average breast 

height age o f  these dominant and codominant t rees was used as the 

breast height age fo r  each sample. 



For the  plots, the  diameter (Dl o f  each t r e e  was measured and a t  

least 15 t rees were measured with an op t i ca l  dendrometer. Total 

wood volumes inside bark ( V )  o f  the  t rees measured wi th  dendrom- 

e te rs  were determined by  processing the measurements wi th  the SD( 

program (Grosenbaugh 1964). An equat ion re1 a t  ing the  natura 1 

logarithm o f  volume t o  the  natural logarithm o f  diameter o f  the  
2 form In  V = a + b I n  D + c ( I n  Dl was determined f o r  each p l o t  

and was used t o  determine the  volume o f  the  remaining trees. 

For the  prism points, t he  diameter and height were measured f o r  

each counted tree. Equations r e l a t i n g  volume ( V )  t o  dbh (Dl, and 

height (Hl were developed from trees sectioned i n  a previous 

study (Cochran 1979a): 

Spec les Equation 

Number 
o f  

t r e e s  

Larch I n  V P 6 . 9 4 9 9 +  1.6782 I n D +  1.3287 I n H  133 
Douglas-ffr I n  V = -5.8785 + 1.8357 I n  D + 1.0279 I n  H 210 
Wh i te/grand 
f ir  I n  V = -6.1860 + 1.7533 I n  D + 1.1684 I n  H 202 

Enge l mann 
spruce I n  V = -5.77345 + 1.8507 I n  D + 1.0182 I n  H 50 

Western whlte  
p fne I n  V = -6.1498 + 1.7048 I n  D + 1.1769 I n  H 22 

Ponderosa 
p ine I n  V = -6.0336 + 1.8715 I n  D + 1.0166 I n  H 137 

Lodgepo l e 
pfne I n  Vt-5.4821 +1.9249 I n  D+0.9139 I n  H 67 

Standard 
e r r o r  

I n  these equations I n  indicates natural logarithms, and V i s  the  

cubic-foot volume inside bark includfng stump and t i p  calculated 

by Smallan's formula. The 1-foot stump was assumed t o  be a 

cy l inder  wi th  a diameter equivalent t o  the  diameter a t  1 foo t  

inside bark. The number o f  t rees per acre, basal area per acre, 

volume per acre, and the diameter o f  the t r e e  o f  average basal 

area (Dg) were determined f o r  each sample. 



After  t o t a l  age ( A l l  i s  converted t o  age a t  bh (A) ,  and the  si te  

i ndex o f  Bu l l e t  i n 1520 (S1) t o  the s i t e  Index presented here (S),  

the  equations f o r  estimating normal basal area i n  square fee t  per 

acre and t o t a l  cubic-foot volume i n  B u l l e t i n  1520 are: 

and 

I n  V = -7.03317 - 72.1299/(A - 0.066s + 13.8) 

+ 3.07121 I n  (S  - 20) + 2.38666 In  (100 N) 

- 0.36349 ( I n  100 N) ( I n  ( S  - 20)); 

where: 

actual basal area 
N = 

normal basal area from eqoa-tlor~ (5)  

The above equations were used t o  ca lcu late the  basal area and 

volume f o r  each o f  the  154 samples. Calculated basal areas were 

compared wi th  actual basal areas. Calculated volumes were also 

compared wi th  the volume determined f o r  each p l o t  wi th  the local 

volume equations o r  the volume calculated f o r  each po in t  from the 

equation wi th  I n  D and In  H as Independent variables. These 

volumes determined from local volume equations o r  from 

measurements o f  D and H are refer red t o  here as actual volumes. 

S i te  index f o r  these 154 samples ranges from 49.6 t o  111 feet. 

Ages a t  breast he lght  range from 14 t o  146 years and f ract ions o f  

normal--N, equation (7)--range from 0.38 t o  1.81. 



R e a s  and Discussion Use o f  equation ( 5 )  resulted i n  an average overestimate o f  basal 

area o f  25.1 percent f o r  the 154 samples. The average absolute 

difference between actual and estimated basal areas was 33.8 

percent. Percent differences were calculated as actual value 

minus estimated value times 100 divided by the actual value. 

There was no s ign i f i cant  relat ionship o f  s i t e  index o r  age with 

differences between actual and estimated basal areas. A stepwise 

regression re la t ing  percent differences between actual and 
2 

estimated basal areas t o  s i t e  index and age had an R value o f  

0.014 and an F value o f  1.07 with 2 and 151 degrees o f  freedom. 

F equals the regression mean square divided by the residual mean 

square in  the anal ys i s  of var lance. The average f rac t ion  o f  

normal f o r  these 154 samples (equation 7 )  was 0.87. 

3 "Actual vol urnes f o r  the 154 sarnp les averaged 4,741 f t  /acre, and 
3 the average o f  est imated values (equation 6 was 4,500 f t  /acre. 

The estimated values averaged 4.3 percent lower than actual 

values. The average absolute difference between actual and 

estimated values was 11.2 percent. These differences were 

related t o  s i t e  index. Stepwise regression shows tha t  the 

equation re la t i ng  percent difference between actual and estimated 
2 volumes t o  s i t e  index had an R o f  0.087 and an F value o f  14.5 

with 1 and 152 degrees o f  freedom. Examination o f  t ha t  data 

revealed tha t  the percentage o f  species other than larch 

increased with increasing s i t e  index values f o r  the pdints. 

When volumes were calculated by the volume equation f o r  larch fo r  

each t ree  regardless o f  species, the volume f o r  the 154 samples 
3 averaged 4,504 f t  /acre, 0.5 percent greater than volumes 

estimated by equation 6. The average absolute difference was 9.9 

percent. There was no meaningful corre lat ion o f  these percent 

differences with s i t e  index, age, o r  f rac t lon  o f  normal. A 

stepwise regression re la t i ng  these percent differences between 

actual and estimated volumes t o  S, A, and f rac t ion  o f  normal 



2 produced an equation wi th  an R value o f  0.03 and an F value o f  

1.6 w i th  3 and 150 degrees o f  freedom. 

The resu l t s  f o r  estimating basal area indicate t h a t  a major i ty  o f  

the  samples taken i n  Oregon and Washington had densi t ies lower 

than normal by B u l l e t i n  1520 standards. The lack o f  cor re la t ion  

o f  the  di f ferences between actual and estimated values with s i t e  

index and age, however, indicates t h a t  the  equation f o r  normal 

basal area given i n  B u l l e t i n  1520 o r  i t s  modif icat ion (equation 

5 )  i s  acceptable f o r  use i n  Oregon and Washington. The equation 

f o r  estimating volume (equation 6 )  takes density in to  account, 

and the  average underestimate o f  volumes wi th  t h i s  equation was 

due t o  the  stem volume equations used i n  estimating volumes f o r  

the  points. These equations f o r  the  other species produced 

higher stem volumes f o r  the  same diameter a t  breast height and 

height than d id  the  larch equation. The small d i f ferences 

between values calculated by the larch stem volume equation and 

equation (6) indicate t h a t  equation (6) I s  su i tab le  f o r  estima- 

t i n g  t o t a l  cubic volume y i e l d  for  larch i n  Oregon and Washington. 

Stocking Lev4 CUW~S The Forest Serv ice i n  Reg ion 1 (FSH 2409.21 , R1, November 1970, 

Amendment No. 2) recommends commercial th inn ing from below, 
Methods and leaving 45 percent of normal basal area. They fur ther  recommend 
Assunptions allowing the  stand develop t o  75 percent o f  normal basal area 

before the  next entry. Within these l imi ts ,  it i s  assumed t h a t  

suppression and mor ta l i t y  re la ted t o  suppression w i l l  be avoided 

without s a c r i f i c i n g  too much o f  the  potent ia l  o f  the s i t e  t o  

produce usable wood. This assumption needs ver f i ca t Ion  through 

studies o f  growing stock levels. 



Stepw ise regressions re1 a t  ing trees per acre (T/A) t o  diameter of 

the  t ree  of  average basal area (Dg), s i t e  index (S ) ,  and age a t  

breast helght (A)  were run so tha t  a relat ionship between t ree  

size, t rees per acre, and basal area per acre f o r  normal stands 

could be obtained. For the 154 observations the  actual number o f  

t rees per acre was divided by the  f rac t ion  o f  normal (equation 7) 

t o  produce the number of t rees per acre used. Stepwise regres- 

sion techniques were also used t o  determine age a t  breast height 

as a function of  s i t e  index, quadratic mean diameter, and 

stock i ng l eve I (N) . 
Tentative Results Both age and s i t e  index as well as quadratic mean diameter are 

s ign i f i can t l y  related t o  the number o f  t rees per acre: 

In (T/A) = 10.001 - 1.7301 i n  Dg. (8) 

I n  (T/A) = 9.1273 - 1.74643 In  Dg + 0.20978 In  S. ( 9 )  

In  (T/A) = 6.73066 - 1.98897 In  Dg + 0.5556 In  S 

+ 0.34049 In  A. (10) 

2 The residual mean square and R values fo r  equations 8, 9, and 10 

are: 

A i s  related t o  Dg and S by: 

2 R i s  0.69, and the residual mean square i s  0.05188. 



Summary 

Metric Equivalents 

Adding t h e  natural  log of t he  stocking level  reduced the  residual  

mean square on ly  s l i g h t l y  t o  0.05166, so the  add i t i on  o f  I n  N as 

an independent va r iab le  was not  accepted. 

From equations (10) and ( I f ) ,  t e n t a t i v e  stocking level  curves 

( f i g .  2) were created. These curves d isp lay  the  inf luence o f  

s i t e  index as wel l  as quadratic mean diameter on basal area and 

t r ees  per acre f o r  managed stands o f  la rch o f  commercial size. 

Lack o f  meaningful co r re l a t i on  between d i f ferences i n  measured 

and predicted values of basal area and larch volume per acre t o  

s i t e  index and age a t  breast  height  ind icate  several things: (1) 

The equations of B u l l e t i n  1520 (Schmidt and others  1976) f o r  

est imat ing normal basal area and cubic volume y i e l d  are  

app l icab le  f o r  larch i n  Oregon and Washington; (2)  f o r  bh ages up 

t o  100 years t he  s i t e  index values as determined i n  t h i s  paper 

can be converted t o  t he  s i t e  index values presented i n  B u l l e t i n  

1520 and v i c e  versa; (3 )  the  equation r e l a t i n g  t o t a l  o r  

ground l ine age t o  age a t  breast  he igh t  i s  reasonab l e; and (4) 

several other tables, equatlons, and graphs concerning larch 

volumes and y i e l ds  i n  B u l l e t i n  1520 are app l icab le  t o  Oregon and 

Washington. When necessary, conversions from t o t a l  age t o  age a t  

breast  height  and from t h e  s i t e  index values o f  B u l l e t i n  1520 t o  

t he  s i t e  index values presented here can be e a s i l y  accomplished. 

1 acre = 0.405 hectare 

1 f o o t  = 0.304 8 meter 

1 square foot /acre = 0.229 568 square meter/hectare 

I cubic foot /acre = 0.069 972 cubic metedhectare 



Trees per acre 

Figure 2.--Stocking level curves for 

larch. The "Bn lines represent 75 

percent of normal stocking, and the "Cn 

lines represent 45 percent of normal 

stocking. Stands should be managed so 

that they are a t  the "Bn level for a 

commercial entry. Comercial thinnings 

should be from below and should reduce 

stocking t o  the "CW level. 



Literature Cited Barrett,  James W. Height growth and s i t e  index curves f o r  
managed, even-aged stands o f  ponderosa pine i n  the P a c i f i c  
Northwest. Res. Pap. PNW-232. Port  land, OR: U.S. Department o f  
Agr icu I ture, Forest Serv ice, Pac l f i c  Northwest Forest and Range 
Experiment Stat  ion; 1978. 14 p. 

Cochran, P.H. Gross y i e  l ds f o r  even-aged stands o f  Doug l as-f ir 
and white o r  grand f ir east o f  the Cascades i n  Oregon and 
Wash i ngton. Res. Pap. PNW-263. Por t  l and, OR: U. S. Department o f  
Agr icu l ture, Forest Serv ice, Pac i f  i c  Northwest Forest and Range 
Experiment Stat  ion; 1979a. 17 p. 

Cochran, P.H. S i t e  index and height growth curves f o r  managed, 
even-aged stands o f  Douglas-fir east o f  the  Cascades i n  Oregon 
and Washington. Res. Pap. PNW-251. Portland, OR: U.S. Depart- 
ment o f  Agriculture, Forest Service, Pac i f i c  Northwest Forest 
and Range Exper iment Stat  ion; 19796. 16 p. 

Cochran, P.H. S i t e  index and height growth curves f o r  managed, 
even-aged stands o f  white o r  grand fir east o f  the Cascades In  
Oregon and Washington. Res. Pap. PNW-252. Portland, OR: U.S. 
Department o f  Agriculture, Forest Service, Pac i f i c  Northwest 
Forest and Range Exper iment Stat  ion; 1979~. 13 p. 

Curt is, Robert 0.; DeMars, Donald J.; Herman, Francis R. Which 
dependent var iab le  i n  s i t e  index-height-age regressions? Forest 
Science. 20(1): 74-87; 1974. 

Dahms, Walter G.  Correction f o r  a possible b ias  in developing 
s i t e  index curves from sectioned t r e e  data. Journal o f  
Forestry. 61(1): 25-27; 1963. 

Dahms, Walter G. Gross y i e l d  o f  central  Oregon lodgepole pine. 
In: Management o f  lodgepole pine ecosystems symposium 
proceed i ngs; Baumgartner, Dav i d  M., ed. Pu l l man, WA: Wash i ngton 
State Univers i ty  Cooperative Extension Service; 1975: 208-232. 

Grosenbaugh, L.R. SM-FORTRAN 4 program f o r  estimates o f  t r ee  
populations from 3P sample-tree-measurements. Res. Pap. PSW-13. 
Berkeley, CA: U.S. Department o f  Agriculture, Forest Service, 
Pac i f i c  Southwest Forest and Range Exper iment Stat  ion; 1964. 
49 p. 

Schmidt, Wyman C.; Shearer, Raymond C.; Roe, Authur L. Ecology 
and s i l v i c u l t u r e  o f  western larch forests. Tech. Bul l .  1520. 
Washington, DC: U.S. Department o f  Agriculture, Forest Service; 
1976. % p. 



Appendix Both s i t e  index and height growth curves are constructed from an 
average height curve determined from data from a l l  the p lo ts  and 

then adjusted t o  the desired s i t e  index by use o f  the l inear 

r e l a t  ionship ex is t  lng between height and s i t e  index a t  any age. 

Height growth and s i t e  index curves are d i f f e ren t  because the 

equat ions 

S - 4.5 feet  = a + b (H - 4.5 feet)  and 

H - 4.5 fee t  = al + bl (S  - 4.5 feet)  

have d i f fe rent  slope and intercept values fo r  a l l  ages except the 

index age. 

Site Index Curve 1. The t a  l les t  heights (HI a t  each decade were read f ran the 
Construction freehand curves and related t o  the s i t e  index S f o r  each p l o t  

by the equation S - 4.5 fee t  = a + b (H - 4.5 feet). The 

f o l  lowing estimates were obtained: 

Age a t  Standard 

breast error  of  Number of  

l l e i i m a b d  - 
(Years) 

80 -8.9310 .8184 .95 2.91 18 

90 -12.0663 .7821 94 3.08 11 

100 -9,9663 .7215 .92 3.77 9 

The nine sample p lo ts  a t  bh age 100 have s i t e  indexes of 48.6, 

62, 70, 78, 78, 82, 83, 86.8, and 87.4 feet. 



2. The above decadal estimates o f  b were smoothed over age a t  

breast height (A)  ( f i g .  3) by the equation (forced through 

the  b value o f  1 a t  a breast high age o f  50 years), 

Age at breast height (years) 
Figure 3.9-b values as a funct ion o f  age 

i n  t h e  equation, S - 4.5 fee t  = a + b 

(H  - 4.5 feet) .  Points are actual b 

values. Sol id l i n e  i s  t he  curve ex- 

pressed by t he  equation, 

2 The standard e r ro r  and R values f o r  t h i s  equation are 0.0183 
n 

f o o t  and 0.9989. The resu l t i ng  b values are those appearing i n  

t ab le  1. 



3. The f o l  lowing equation (with a standard error  o f  0.1 1 foot  
2 and an R o f  0.9991, expressing decadal mean heights (Ti) as 

a function o f  age, was forced through the mean s i t e  index 

(78.07 feet)  a t  50 years and a height o f  4.5 feet  a t  0 years 

( f i g .  41: 

A 

H - 4.5 feet  = 1.46897A + 0.0092466~~ - 0.00023957A3 

A 
Here H i s  an estimate of H. A t  ages beyond 70 years,, the sample 

became progressively smaller an the mean s i t e  was s l i g h t l y  

d i f ferent .  Average heights were adjusted t o  the  mean overa l l  

s i t e  index using al and bl values o f  the  individual 

regression of H - 4.5 feet = a1 + b1 ( S  - 4.5) with S 

equaling 78.07 for ages 80, 90, and 100 years before f i t t i n g  the  

average height curve. 

4. H and the  smoothed slope b o f  regressions fo r  each year were 

then used t o  calculate the corresponding intercept a: 

A - A h  
a = S - 4.5 - b (H - 4.5). 

These "a" values appear i n  tab le  1. 

5. Substituting expressions f o r  a, b, and H i n  the  l inear 

equation o f  step 1 gives the  f i n a l  equation used t o  estimate 

s i t e  index as a function of breast high age and helght 

( f i g .  11. 
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Age at breast height (years) 
Figure 4.--Average of the t a l l e s t  heights 

f o r  each decade minus 4.5 feet  fo r  the 

p lo ts  used i n  construction of  the s i t e  

index and height growth curves. Points 

are actual values minus 4.5 feet. The 

so l id  l i ne  i s  expressed by the equation, 

- 
H - 4.5 fee t  = 1.46897A + 0.0092466A 

2 

- 0.00023957~~ 

Height i n  t h i s  equation i s  considered t o  

be the average height of  the t a l l e s t  trees 

fo r  the  sampled p lo ts  as a function o f  age 

a t  breast height. 



Height Growth Cwve 1. The s i t e  indexes fo r  each p l o t  were related t o  the t a l l e s t  

Constn~ctbn heights a t  each decade by the equation: 

and the fol lowing estimates were obtained: 

Age a t  
breast 

he fght 

Standard error 

of the est lmate 

Number of 

observat ions 

(Years) 

2 .  The above decadal estimates o f  bl were smoothed over age 

( f i g .  5 by the equation: 

2 The standard error  and R values are 0.017 foot  and 0.9909. 

3. Appropr 1at.e rearrangement and subst i t u t  ion for  at, bl . 
and H i n  the l inear equation o f  step 1 gives the f i n a l  

equation used t o  estimate height as a function of age and 

s i t e  index: 



Age at breast height (years) 
I 

Figure 5.--bl values i n  the equation 

H - 4.5 feet  = a ,  + b1 ( S  - 4.5 feet) as 

a funct ion o f  age. Points are actual  b 
1 

values. The s o l i d  l i n e  i s  expressed by 

the equation, 


