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GROSS Y E L D  AND MORTALITY TABLES FOR 
FULLY STO'CKED STANDS OF DOUGLAS -FIR 

George R, Staebler 

Increasing interest in the practice of intensive forestry has d e m -  
onstrated-the need for groee yield tables for Douglas-fir showing the 
volume of t rees  that die as well as volume of live trees, Net yield 
tables for Douglas-fir, published in 1930,Lf give the l ive volume in 
fully stocked stands at different ages on different sites,  As in al l  nor- 
mal yield tables, no accounting is made of the volume of t rees  that 
die a s  stands grow older. Presented here a r e  gross yield tables, 
which include net yield and estimated mortality volume, Mortality 

13 

tables constructed in the process of making the gross yield tables a r e  
also presented, 

NEED 

Sil.viculturists have long fel t  the need for this information. In the 
even-aged stands so characteristic of many forest  types, most  oi  the 
t rees  that were present in the reproduction stand must die a s  the t rees  
grow older a ~ d  larger .  The t rees  that die a r e  as much t par t  of the 
size's production as a r e  the t rees  that survive. To the silviculturist 
interested in the biological development of tne stands, the full yield-- 
volume of live trees plus normal mortality- -is the important figure, 

A s  more  intensive forestry is practiced, the forest  manager also 
becomes vitally interested in mortality as an untapped source of raw 
material.  If the forest crop is thought of only as the volume oi mer -  
chantable wood at the end of the rotation, mortality i s  largely a 
necessary evil, and net yield tables fill management needs cornpietely. 

\ -  It is true that the t rees  that die have likely served a useful purpose in 
improving the quality of the remaining t rees ,  o r  have played a vital 

in the stand ecology. At the same time they may, by competing 

1 / McArdle, Richard E ,  The yield of Douglas Fir in the Pacific 
~o r tKwes t .  U. S .  Dept. Agr.  Tech. Dul. 201, 74 pp, illus. Rev. 1949. 



- 
for space, have greatly restricted the s ize  of surviving t r e e s .  In any 
event, in a 1 -cut-per-rotation s ys tern, mortality has little appareet 
effect on profits. In more intensive forestry, however, intermediate 
harvests are a part of the management system, and mortality becomes 
important as a source of wood t o  be harvested in thinnings. The har- 
vest may be of tree8 already dead or about to die (ealvage), or the . - 
equivalent volume may be harvested from trees whose rernoval will 
prevent further mortality. 

*-  

METHODS 

The gross yield tables were developed to f i l l  these quite obvious 
2 /  needs. Methods of construction, which have been previously described,, 

involved, briefly, determination of the number of trees that die in the 
normal stand, decade by decade, and the average volume of those trees. 
The estimated total volume of mortality for any decade is the product of 
the two figures. The number dying in any decade is eoaily calculated 
from normal yield tables by noting the decrease in the number alive at 
successive ages 10 years apart, Avsraga volume of the dead trees 18 
lwsed on analysis of data from permanent sample plats that have been 
obeerved for many years, It wa8 fo-d thiat Ula average volume of 
trees that d i e  was closely correlatsd to  the average volume of live 
trees. Once the mture of tile selationehlp wae establtilhed, average 
vdums of the trees that died In the n~rgma], #t@.nd, c o d d  "a estimated 
from the average of l ive  treclr, a figure elroily calculated from yield- 
table data, 

Mortality considered in this analysis i s  the so-called regular 
mortality: normal mortdlity that must occur in the development of 
novrnal stande. It i e  largely aupprsssion mortality, although the occad 
sional death. of trees in the upper crown classes is also considered 
n o r z v ~ .  51 

Irregular mortality iaesulting from fires, insect and Aiseaee epi- 
demics, or exceseive windthrow i s  not ineluded since the normal yield 
tables represent stands where such 1,osses have not occurred. Had 
they occurred, the stands would not have Seen selected for yield-table 

2 /  Staebler, G. W. Extending the Douglas -=?fir yield tables to 
inclu7e rnortal.ity. Scc.  Amer. For, Froc. 1954: 54-59. 

31 Staebler, G, R, Mortality estimation in fully stocked stands 
of y~;n~-~rowth Douglas-ftr, Paci f ic  Northwest Farwt and Range 
ExperimentStation, Res .  Paper No. 4, 8 pp, 1953,  



construction. A few of the permanent sample plots used to calculate 
average volume of dead t rees had suffered irregular mortality, The 
data were retained after i t  was demonstrated that such losses did not 
affect the live tree-dead t ree  volume relationship.?/ 

Mortality prior to age 20 was not estimated since no yield-table 
data and very little permanent-sample-plot data were available. Hence, 
the gross yield for 20-year-old stands is really net yield (no estimate 
of prior mortality), and gross yield for a 30-year-old stand is net 
yield at  30 plus mortality from age  20 to 30, etc. 

APPLICATION 

The resulting tables, having been derived from analysis of fully 
stocked stands, are ,  strictly speaking, applicable only to fully stocked 
stands. This is certainly true of the mortality tables (tables 2 and 3).  
Mortality- -at least  suppression mortality--is so closely related to 
density that mortality volumes shown would be expected to occur only 
in stands like those from which the data were taken, 

It is possible, however* that fie gross yield tables (tables la, lb, 
l c ,  and id) are more widely applicable, Considerable evidence has 
been accumulated which shows that maximum growth, measured in 
terms of gross cubic-foot increment, may be obtained over a wide 
range of stocking. The logic of m a  phenomenon is easily understood.. 
in a lightly stocked stand, l ess  of the total production dies than is nor- 
mal and more survives; the reverge is true in a more heavily stocked 
stand. Total production (gross increment) is conceivably the same in 
broth ins tsrnzces . 

Pursuing this theory, Hawley and smith present this tentative 
generalization based on available evidence: "The total production of 
cubic volume by a stand of given composition on a given si te i s ,  for 
all practical purposes, constant and optimum fox a wide range of den- 
sity of &locking. It can be decreased, but not increased, by altering 
the amount of growing stock to levels outside this range." 

41 See reference in footnote 2, page 2. 
.p 

5/ Hawley, Ralph C . . and Smith. David M . The practice of 
silviFdture. 6th edition, p, 354. New York. 1954. 



They further state that the generalization is valid only i f  "the total 
production of wood in the boles of all the t rees i.n a stand is counted as 
growth. Total production of cubic volume includes not only the wood in 
the tops of the stems but also the wood produced in t rees  that die  of 
suppression, r t  

The gross yield tables provide an estimate of the total production 
as specified, and according to Hawley and Smith's g-neralization, 
periodic increment determined from the tables is applicable to sta.nds 
varying in density, In Douglas -fir stands, the range over which full 
gross increment m a y  be obtained is not known, and it is futile to 
speculate on just what i t  is until considerable experimental evidence is 
acemulated, 

This discussion suggest8 some very  important uses  for ;he tables 
presented in this publication: 

(1) For fully stocked stands the mcrtality tables give the expected 
mortality at any stage in xhe development of the stands. Also 
given is the cumulative mortality up to any age, This informa- 
tion is useful to foresters  plam~ing to harvest the normal 
mortality. The tables give the fcresrer some idea of the age 
at which losses become significant in .volua2e, a figure that he 
can balance against the problems and costs invalved in the 
operation, 

(23 Cross  increment, at least  so  far as is now known, represents 
full site production, i. e . ,  the rnaximrrm vcluzxle that the si te  
is capable of producing. Tile gross yield tahles are .zquivdefit 
to the yields to be e x ~ e c t e d  from a management Frogsam t b t ,  
through thinning and salvage, capa res  the idl production, 
The tables, then, may be considered as first  approximations of 
yield tables for managed stands. 

(3) As such, the gross yield tables may be used to  ailswer the 
same questions for managed stands that are answered by nor- 
mal yield tables for unmanaged stands. Most  important is 
probably the use c8f mean anmalb axid current annual increments t 

as a guide to establishment of ro+%tionrr (table 4). Morf..dity 
offsets an increasing proportt~n of the gross inr.k-eme>t as stands 

I 

grow older. Hence, when mortality is harvested and becomes 
part of the forest's yield, the culmination of mexq ann*~al incre- 
ment will be delayed, When the age of culmination, either in 
volume or  value, is a controlIing factor, ratations for managed 
stands will be longer than for unmanaged, 



Table l a  
Gross  Yield per  A c r e  for Ful-ly Stocked Douglas-fir 

. - 
BASAL AREA - TOTAL STAND 1' 

I SITE CLASS 
A g e  I P I I1 I 111 I IV I v 

Years - - - - -, - - -, , S q u a r e f e e t  - - - - - - - - - - - - - 

1/  All t rees 1.5 inches d, b. h. and l a r g e r .  - 



Table Ib 
Crclsa Yield per Acre for Fully Stocked Douglas-fir 

1 / 
CUBIC FEET v TOTAL STANDg- 

. . 

SITE CLASS 
Age I I XI I 111 I IV I v 

Years 

12,580 
14,400 
16,040 
17,500 
18, BOO 

1/ All  t r r e r  1,s incher d,beh.  and larger. Entire atam 
i~cludtnz stump a d  top. 



Table lc 
Gross Yield per Acre for Fully Stocked Douglas-fir 

BOARD FEET r INTERNATIONAL RULEY 
( 1 /8*inch kerf) 

I SITE CLASS 
Age I 1 I I I I 111. I IV I v 

Yea-rs ---,--,,,,, Board fee t  I . . , . c . m a m - o - m - o  
I 

72,900 
87,500 

100,300 
111, goo 
122,400 

I /  All t r e e s  7 inches d,b.h. and l a r g e r  to 5-inch top. St-imp 
heig%t 1.5 feet. Scaling length 16 feet with 0.3 f e e t  trim allowance. 



Table Id 
Gross  Yield pe r  Acre for  Fully Stocked Douglas-fir 

1/  
BOARD FEZT - SCRJBNER RULE- 

I SITE CLASS 
Age I I I JJ I I11 I IV I v 

Years  - - -  - - - -  - - - - -  B o a r d f e e t  - - - -  - - -  - - - - -  - 

1 /  All  t r ees  12 inches d. b. h. and l a r g e r  to 8-inch top. 
stump-height 2,O feet. Scalinglength 16fee t~nr i th  0 .3  feet - 

trim allowance , 



Table 2a 
Periodic Annual Mortality per  Acre for Fully Stocked Douglas -fir 

1 / 
BASAL AREA w TOTAL STAND- 

Age I SITE CLASS 
period 1 5 I I1 1 I11 1 IV 1 V 

Years - - - - - - - - - - -  S q u a r e f e e t - - - - - - - - - - - -  

11 All  t r ees  1.5 inches d o  b,h. and l a rge r .  - 



Table 2b 

Periodic Annual Mortal i ty  per A c r e  for  Fully Stocked Douglas-fir 

1 / CUBIC FEET - TOTAL STAND- 

Age SITE CLASS 
period I 1 1  II I I11 I Iv I W 

Years - - e r u r r . P 4 ~ e * m I I L ) c u b i ~ f e e t - - - w - - - - * a - * -  - 

1/ AiI trees 1 , 5  inches d, b, h. and larger. Entire stem 
incluqing stump and tip, 



Table 2c 
Periodic Annual Mortality per Acre for Fully Stocked Douglas-fir 

1 / BOARD FEET - INTERNATIONAL RULE- 
(1/8-inch kerf) 

Age I SITE CLASS 
p e r i o d 1  I 1 11 " n i  I IV I v 

Years - - - - - - - - - - - -  B o a r d f e e t - - - - - - - - - - - - -  
P 

11 All trees 7 inches d .b .h .  and larger to 5-inch top. Stump 
heigG 1.5  feet.  Scaling length 16 feet with 0 . 3  feet trim allowance. 



Table 2d 
Periodic Annual Mor ta l i ty  per  Acre  for  Fully Stocked Douglas-fir 

I I 
BO14RD FEET - SCRIBNER RULE- 

Age I .SITE CLASS 
period I I I 11 I 111 I IV I V 

Years Board feet 

20 - 30 ... P - .II - - -By .I - 
30 - 40 50 20 .Il.p PY I -.* 

40 - 50 90  40 20 w e  PI) 

5 0 -  60 180 80 40 10 m- 

1 /  All t r e e s  12 inches d e b .  h. and l a r g e r  to %-inch top. 
stump height 2.0 feet. Scaling length 16 feet with 0.3 fee t  t r im 
allowance, 



Table 3a 
Chmulative Mortality per Acre for Fully Stocked Douglas-fir 

1/ BASAL AREA - TOTAL STAND- 

SITE CLASS 
Age I 1 11 I PIX I IV I v 

Years - - - m e - - - - , - ,  Squarefeet - - - - - - - w e - - -  - 

1/ A l l  trees 1 . 5  inches d. b. h, and larger, 
I 



Table 3b 
Cumulative Mortality per Acre  for Fully Stocked Douglas -fir 

1 / CUBIC FEET 9 TOTAL STAND- 

I SITE CLASS 
Age I I I II I 111 I IV I v 

Years Cubicfee t  r - * . Y 1 - a a - * - m  

11 All t r ees  1.5 inches d. b. h, and la rger .  Entire stem, 
includingstump and tip. 



Table 3c 
Cumulative Mortality per  Acre  for Fully Stocked Douglas -fir 

1 / 
BOARD FEET - INTERNATIONAL RULE- 

( 1/8 -inch kerf) 

SITE CLASS 

I I1 I I11 I IV 1 v 

Years  - - - - m - . . . - . p p p  B o a r d f e e t  p . c - . , I - - B - e - -  

1 /  All t r ees  7 inches d,b.h.  and l a r g e r  to 5-inch top. Stump 
heighT1. 5 feet. Scaling length 16 feet with 0 .3  feet t r im allowance. 



Table  3d 
Cumulative Mortality per  A c r e  for  Ful ly  Stocked Douglas-fir 

1 / BOARD FEET - SCRZBNER RULE - 

- - - -  

1 SITE CLASS 

Years  - = ~ . . . - - * c * ~ ~ ~ ~  Boardfee t  - I I , - - - - B - ~ * * * =  - 
v 

1/ All  trees 12 inches d. b. h. and larger to 8-inch top. 
Stump ceight 2.0 feet. Scaling length 16 feet  with 0.3 feet trim 
allowance, 



Table 4a  
Mean Annual G r o s s  Increment P e r  A c r e  

for Ful ly  Stocked Douglas -fir 

11 
BASAL AREA - TOTAL STAND- 

I SITE CLASS 
Age I I I I1 i I11 I IV I v 

11 All t rees  1 . 5  inches d . b .  h .  and larger .  - 

0 I I 
0 20 40 60 80 100 120 140 160 

AGE (YEARS) 



Table 4b 
Mean Annual Gross  Increment per  Acre 

for Fully Stocked Douglas -fir 

11 
CUBIC FEET - TOTAL STAND- 

-- 

SITE CLASS 

Age I 1 I1 I I11 I IV I v 

Years - - - - - - - - - - - , - Cubic feet  - - - - - - - - - - - - - - 

11 All t rees  1.5 inches d. b.h. and la rger .  Entire  stem 
incluzing. stump and top. 

0 

0 20 40 60 80 100 120 140 160 

AGE (YEARS) 

SITE I 



Table 4c 
Mean Annual Gross Increment per Acre 

for Fully Stocked Douglas -fir 

11 
BOARD FEET - INTERNATIONAL RULEd 

( 1 / 8 -inch kerf) 

I SITE CLASS 
Ape I I 1 I1 I 111 I IV I V 

1/ All trees 7 inches d. b. h. and larger to 5-inch top. 
~ t u r n ~ ~ h e i ~ h t  1.5 feet. Scaling length 16 feet with 0.3 feet trim 
allowance . 

0 20 40 60 80 100 120 140 160 

AGE (YEARS) 



Table 4d 
Mean Annual Gross  Increment per Acre  

for Fully Stocked Douglas -fir 

1/ BOARD FEET - SCRIBNER RULE- 

I SITE CLASS 
Age I I 1 I1 I I11 I IV I v 

Years - - - - - - - - - - - -  B o a r d f e e t - - - - . - - - - - - - - -  - 

1 / All trees  12 inches d .  b. h .  and larger to 8-inch top. 
stumpheight 2 . 0  feet.  Scaling length 16 feet with 0 . 3  feet  trim 
allowanc e . 




