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Abstract 

Introduction 

This note presents cubic- foot  volume equations and tab les  f o r  
western j un i pe r  (Juni  perus occidental i s  Hook. ). Total  cubic- 
f o o t  volume (ground t o  t i p ,  excluding a l l  branches (CVTS)) i s  
expressed as a func t ion  o f  dm b. h. and t o t a l  height. U t i l i z a b l e  
cub ic- foot  volume ( t op  o f  12-inch stump t o  a 4-inch top, 
excluding a l l  branches (CV4)) i s  expressed as a func t ion  o f  
CVTS and d.b.h. 

Keywords: Cubic-foot vol  ume tab l  es, western j uni  per, Juniperus 
occ identa l i  s. 

Ris ing costs o f  energy have st imulated an i n t e r e s t  i n  western 
jun ipe r  as a po ten t ia l  source o f  energy. I n  response t o  t h i s  
i n te res t ,  the Forest  Inventory and Analysis Work U n i t  o f  the  
P a c i f i c  Northwest Forest  and Range Experiment S ta t i on  i n 
Port1 and, Oregon, i s expandi ng i t s  inventory p r o g r a d  t o  
inc lude an assessment f o r  western . i u n i ~ e r  ( J u n i ~ e r u s  
occidental i s Hook. ) wood supply. i u t  ho vo-tions o r  
tab l  es have been avai 1 abl e. 

L / ~ e ~ i o n a l  f o res t  inventor ies  are 
conducted nationwide by the U.S. 
Department o f  Agr icul ture,  Forest  
Service. The Pac i f  i c Northwest Forest  
and Range Experi ment Sta t  i on  conducts 
surveys i n  Alaska, Ca l i fo rn ia ,  Hawai i , 
Oregon, and Washi ngton. 
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We have developed an equation f o r  est imat ing the t o t a l  volume 
(CVTS) o f  western jun ipe r  trees, expressed as a func t ion  o f  two 
independent variables: diameter a t  breast  height  (d. be  h. ) and 
t o t a l  height. A second equation i s  presented t o  convert  t o t a l  
volume t o  u t i l i z a b l e  cubic volume (CV4). 

The Basic Data We needed a volume equation su i tab le  f o r  use on western jun ipe r  
t rees throughout eastern Oregon and northeastern Cal i fo rn ia .  
A1 though we would nave pre fer red using measurements from a 
la rge  sample o f  t rees representing the complete range o f  f o r e s t  
cond i t ions found i n  the region, t ime and funding r e s t r i c t i o n s  
1 i m i  t ed  us t o  us i  ng avai 1 abl e t r ee  measurement data p l  us a small 
sample f o r  t es t i ng  the  r e s u l t s  from our o r i g i n a l  data set. 

Ava i lab le  data were 1 im i t ed  t o  measurements from 52 t rees t h a t  
were f e l l e d  and sectioned f o r  a western jun ipe r  s i t e  index study 
(Sauerwei n 1982). The data were gathered i n cen t ra l  , southern, 
and southeastern Oregon and from one p l o t  i n  northeastern 
Cal i f o r n i a .  The t rees are  be1 ieved t o  sample a1 1 s i t e  indexes 
throughout the range o f  western juniper--southwestern Idaho, 
eastern Oregon, northeastern Cal i f o r n i  a, and western Nevada. 
Juniper t rees a t  higher a l t i t u d e s  i n  the S ie r ra  Nevada are no t  
represented. A1 though the t rees selected were a1 1 dominants, 
western jun ipe r  grows i n  such open stands t h a t  the r e l a t i v e  
soc ia l  pos i t i on  o f  i nd i v i dua l  t rees i s  no t  we1 1 defined. We 
are, tnerefore, assumi ng t h a t  these data are representa t i  ve o f  
the populat ion and a re  usable f o r  developing western jun ipe r  
volume equations. 

Second-growth stands were selected represent i  ng we1 1 -stocked 
s i t e s  f r ee  from cu t t i ng ,  excessive grazing, and f i r e .  The 
three t a l l e s t  t rees per o n e - f i f t h  acre were c u t  and measured. 
Data were recorded on the f e l l e d  t rees a t  ground 1 ine, 1 foot ,  
4.5 feet ,  and every 3 f e e t  the rea f te r  t o  the  t i p .  Ins ide  and 
outs ide bark diameters were taken t o  tenths o f  inches and 
heights t o  tenths o f  feet.  The STX program (Grosenbaugh 1967) 
was used t o  ca lcu la te  CVTS and CV4 f o r  each o f  the sample trees. 

The t e s t  s e t  consisted o f  24 t rees from the area around Madras 
and S is te rs  i n  cen t ra l  Oregon. Trees were selected t o  bracket 
the range o f  diameters and heights common t o  the species. Only 
a few t rees were found, however, w i t n  diameters over 20 
inches. Table 1 shows the d i s t r i b u t i o n  o f  both data sets by 
4-inch diameter class. 



Developing 
the Equations 

Table 1 --Number of western juniper trees used to develop 
volume equation, by 4-inch diameter class 

D i  a m  t e r  S i t e  index Test 
c lass  study - 1/ sample - 2/ Tota l  

I nc hes 

Total 49 24 73 

1 / ~ r o m  centra l ,  southern, and southeastern Oregon, and 
from northeastern Cal i fo rn ia .  

/ ~ r o m  Madras and S i  s ters  areas, cen t ra l  Oregon. 

An important assumption o f  l e a s t  squares regression i s  
homogeneity o f  variance. To s a t i s f y  t h i s  condi t ion,  cubic 
volume was transformed w i t h  the method used by Bruce and DeMars 
(1974). The dependent va r iab le  chosen was form f ac to r  ( F ) ,  
obtained by d i v i d i ng  t o t a l  cubic volume inc lud ing  stump by the 
volume o f  a c y l  i nder w i  t h  a basal area and he ight  equal t o  t h a t  
o f  the sample t r e e  (F=CVTS/(BA*H)). Th is  model had been 
successful ly  used i n  developing volume equations f o r  Cal i f o r n i  a 
species ( MacLean and Berger 1976). 

Least squares regressions were f i t u s i  ng independent var iables 
o f  t o t a l  he ight  and d.b. h. outs ide bark, t h e i r  powers, and 
crossproducts. A problem was encountered i n  f i t t i n g  shor t  
squat trees. Three t rees under 18 f e e t  i n  he ight  were dropped 
from the data se t  when the transformation fa i l ed .  The i r  



omission had neg l i g i b l e  e f f e c t  on our a b i l i t y  t o  est imate t h e i r  
volumes. A f t e r  consul t a t i o n  w i t h  ~ ruce , c /  we added a f u r t h e r  
transformation: $he basal area o f  a l l  t rees (BA)  was m u l t i p l i e d  
by (H/(H - 4 .5 ) )  , thereby improving the f i t  f o r  short  
trees. A f t e r  the f i n a l  model was selected using 49 trees, we 
ran a covariance analysis t o  see i f  the 49 t rees and the t e s t  
sample o f  24 t rees could be combined t o  obta in  a f i n a l  equation 
by l east squares regressi  on. The covar i  ance analysi  s showed no 
s i g n i f i c a n t  d i f fe rence between the slopes, so the sets were 
combined t o  obta in  the f i n a l  equation. 

To convert  CVTS t o  CV4, we turned t o  the t a r i f  system developed 
by the Department o f  Natural Resources (DNR), State o f  
Washington. We had CV4 computed by the STX program f o r  51 o f  
the 52 t rees from the s i t e  index study. When the most recent  
CV4/CVTS t a r i  f r a t i o s  (Chambers and Fol t z  1979) were p l o t t e d  
against the study trees, the resu l  t s  were substant ia l  l y  biased, 
probably because o f  the heavy taper t yp i ca l  l y  found i n  western 
jun ipe r  stumps. To co r rec t  t h i s  bias, we reca l ib ra ted  the 
equation, f o l  lowing the model described by Turnbul l  and Hoyer 
(1965). 

The form f a c t o r  equation i s :  

The volume equations are: 

CVTS = BA*F*H*(H/ (H-4.5) 12, and 

CV4 = (CVTS + 3.48)/(1.18052 + 0 . 3 2 7 3 6 * e ( - ~ * ~ * ~ ) )  - 2.948; 

where : 

D = diameter a t  breast  he ight  outs ide bark ( inches), 
H = t o t a l  he ight  i nc lud ing  stump and t i p  ( f ee t ) ,  
BA = 0.005454154 * D2 (square f ee t ) ,  
F =CVTS/(BA*H), 
CVTS = t o t a l  cubic volume from ground t o  t i p ,  excluding a l l  

branches (cubic fee t ) ,  and 
CV4 = u t i l i z a b l e  cubic volume from top o f  12-inch stump t o  

a $-inch top, excluding a1 1 branches (cubic feet ) .  

The r o o t  mean square e r r o r  f o r  F was 3.8 percent. 

/ p e r s o n a l  comnunication w i t h  David 
Bruce, USDA Forest Service, P a c i f i c  
Northwest Forest and Range Experiment 
Stat ion, Portland, OR, December 1982. 



Discussion Measured vo l  umes were p l  o t t ed  agai n s t  estimated volumes f o r  
and Conclusions CVTS and CV4 ( f i g s .  1 , 2). The f i gu res  ill us t ra te  the l ack  o f  

b ias i n  the equations as we l l  as the  lack  o f  data f o r  1 arge 
volume trees. 

The small samples and the few number o f  l a rge  t rees were major 
d i f f i c u l t i e s  i n  the development o f  these equations. O f  t he  73 
t rees used t o  obta in  the f i n a l  equation, on ly  3 had a dab. h. 
greater  than 20 inches. A1 though the volume tab les  ( tab les  
2, 3 )  provide reasonable extrapolat ions,  the user should be 
cautious when app ly i  ng them t o  t rees above 20 i nches d. b. h. 

The study i s  1 im i ted  t o  t rees i n  eastern Oregon and northeastern 
Cal i f o r n i  a. Si t e  i ndex curves devel oped from these data, 
however, are su i  tab1 e f o r  the e n t i r e  range o f  western j un i pe r  
(Sauerwein 1982). We th ink  the equations and volume tab les  
presented here w i  11 a1 so be v a l i d  f o r  the e n t i r e  range. 

Equation volume (CVTS) 
Figure 1.--Relationship between measured 
cub ic- foot  volume (CVTS) o f  73 western 
jun iper  t rees and estimates ca lcu la ted 
w i th  the equation. 



Equation volume (CV4) 
F i  gure 2.--Relati onshi p between measured 
u t i l i z a b l e  cub ic - foo t  volume ( C V 4 )  o f  
51 western j u n i p e r  t r e e s  and est imates 
ca l cu la ted  w i  t h  t he  equation. 



Table 2--cubic-foot volume of western 
juniperu 21 

Table 3-Cubic-foot volume of western 
juniper to a 4-inch tofl a 

Total height ( fee t )  
Diameter a t  
breast height 
o u t s i d e b a r g l  10 20 30 40 50 60 70 80 

Total height ( feet)  
Diameter a t  
breast heigh 5 o u t s i d e b a r k 1  10 20 30 40 50 60 70 80 

Inches Inches 

: ' 9 - 7  : It, ; 1: 1 :: 

l/Appl  i es to  a1 1 western juniper except a t  higher a1 ti tudes 
i n  the Sierra Nevada. 

/ ~ o t a l  t ree volume including stump and t i p  (CVTS). Data set 
i s  outlined. 

/ ~ i a ~ t e r  classes are midpoint; 
class Includes 11.5-12.4 inches. 

f o r  example, the 12-inch 

1/Appl i es  t o  a1 1 western juniper except a t  higher a1 ti tudes 
i n  the Sierra Nevada. 

g l ~ t u r n ~  and top excluded; top diameter = 4 inches; stump 
height = 12 inches. Data set  i s  outlined. 

Y ~ i a m e t e r  classes are midpoi nt; f o r  example, the 12-inch 
class includes 11.5-12.4 inches. 
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