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INTRODUC TION 

Increasing in te res t  in the management of red  a lder  (Alnus -- rub ra )  
has crea ted  a need for  reliable yield information. Existing yield tables for  
red  a l d e r l l  have been ve ry  useful a s  inter im sources  of information, but 
they a r e  general ly  inadequate for  cur ren t  and prospective management 
needs.  The advisory committee for  the Station's Olympia Research  Center ,  
a t  the suggestion of severa l  m e m b e r s ,  sponsored a subcommittee to  pro- 
mote the construction of new tables suitable for regionwide application. 
Through cooperative efforts of both public and private fo re s t ry  organiza- 
tions, the project was s tar ted in 1956. 

This r e sea rch  paper has  been prepared to  make the newly der ived 
tables available to  Northwest fo re s t e r s  without delay. The nar ra t ive  pres  - 
entation i s  accordingly brief.  A m o r e  complete repor t  on the red  a lde r  
yield study--including m o r e  adequate coverage of source  data, analytical 
procedures ,  and application- - i s  planned for  future publication. 

BASIC DATA 

Field work for  the r ed  a lde r  yield tables was begun in the summer  
of 1956 and completed in 1957. Altogether,  data f rom 428 sample plots 
well s t ra t i f ied throughout northwestern Oregon, western Washington, and 
southern Br i t i sh  Columbia were  used in the yield table construction. A 
goal of 60 plots within each 10-year age  c lass  f rom 10 through 80 yea r s  was 
thus reasonably well attained. All  plots conformed to the following specifi- 
cations : 

1. P u r e  stand, containing over 80 percent r ed  a lde r  by basa l  a r e a .  

2. Closed crown canupy, to  give evidence of normali ty  over the past 
10  years .  

L l ~ r i t i s h  Columbia F o r e s t  Service.  Yield tables 1947. 7 pp. (plus 
tables).  1947. (Processed .  ) 

Johnson, Herman M . ,  Hanzlik, Edward J . ,  and Gibbons, William H. 
Red a lde r  of the Pacific Northwest: i t s  utilization, with notes on growth and 
management. U. S .  Dept. Agr.  Bul. 1437, 46 pp. , illus. 1926. 

Lloyd, W .  J. Unpublished empir ical  yield tables ,  U. S. Soil Conserv. 
Serv. , Seattle, Wash. 1943. 

Pope, R. B. Empir ical  yield tables--Douglas-fir  subregion. 1954. 
(Unpublished report .  Copy on fi le U.S. Fores t  Serv. Pac.  NW. Fo re s t  and 
Range Expt. Sta. , Portland, Oreg. ) 



3 .  Plot location res t r ic ted  to a uniform part  of the stand. 

4. Plot s ize of 1 /40  a c r e  for  stands under 10 years  old, 1/10 a c r e  
for  stands 10 to 20 years  old, and 115 a c r e  for  stands over 20 
years  old. 

Data taken f o r  each plot included: 

1. Diameter of a l l  t r e e s  l a rge r  than 0. 5 inch d. b. h. , by species and 
1 -inch diameter  c lasses .  

2 .  Stand age, determined f rom breast-high increment borings of 
five t r ee s  in the upper canopy. 

3 .  Total height of the five t r e e s  bored for  age and of an  additional 
five t r ee s  to f i l l  out stand diameter  range. 

Site curves were developed f r o m  stem analyses  of 43 felled and sec-  
tioned t r ee s  distributed throughout western Washington. The index stand 
age fo r  the curve i s  50 years ,  with stand age defined a s  breast-high age plus 
2 years .  This method of s i te  indexing, involving multiple regression,  was 
described by Bishop et a 1 . 3  -- 

Yield data were derived for  the following stand character is t ics :  

1 .  T rees  per a c r e  

2. Basal a r e a  per a c r e  

3 .  Diameter of average t r e e  

4. Cubic feet per a c r e  

5. Board feet per a c r e ,  Scribner rule 

ANALYSIS PROCEDURE 

Multiple regression analyses were used to calculate the formulas 
that express  the basic  relations of stand character is t ics  such a s  basal  a r e a ,  
diameter ,  and volume to stand age and s i te  index. Yield tables and figures 
were then derived from the formulas .  Dependent variables in the regression 
analyses  were basal  a r e a ,  average diameter ,  cubic volume, and board-foot- 
cubic-foot rat io  (from which board-foot yields were calculated). Independent 

- / ~ i s h o p ,  Daniel M . ,  Johnson, Floyd A . ,  and Staebler,  George R. 
Site curves f o r  red  alder .  U. S. Fo res t  Serv. Pac .  NW. Fores t  and Range 
Expt. Sta. Res.  Note 162, 7 pp., illus. 1958. (Processed . )  



variables included f i r s t ,  second, and third powers of stand age ;  f i r s t  and 
second powers of s i te  index; and the product of stand age and s i te  index. The 
mos t  effective combinations of the independent variables were used in devel- 
oping the final yield formulas ,  which a r e  shown in footnotes to appropriate  
yield tables.  

F o r  three stand at t r ibutes-  -basal  a r e a ,  average diameter ,  and cubic 
volume--separate analyses were  made f o r  tne ioiiowlng three stand segments:  

1.  All t r e e s  l a rge r  than 0. 5 inch d. b. h. 

2. All t r e e s  l a rge r  than 5. 5 inches d. b. h. 

3.  All t r ee s  l a rge r  than 9. 5 inches d. b. h. 
I 

Because of l imited and naturally variable data, the regress ions  for  the d i f fe r -  
ent stand segments invariably c rossed .  This problem of crossing was a rb i -  
t r a r i l y  resolved by using the regress ion  for  the stand segment l a rge r  than 5. 5 
inches above the point of crossing.  The age a t  which crossing occurred,  called 
merging age,  was found to depend on s i te  index. This relationship i s  a l s o  
shown in footnotes to appropriate  yield tables.  

Yield in board feet was developed by applying the board-foot-cubic- 
foot ra t ios  determined f rom multiple r eg re s  sion to the calculated cubic-foot 
yield of t r e e s  l a rge r  than 9. 5 inches d. b. h. Thus, a reasonable relation of 
board-foot to cubic-foot yields was assured .  Equations used for  calculating 
board-foot yields (footnotes, table 13) were  obtained by multiplying the rat io  
formula by the appropriate cubic-volume yield formula.  

APPLICATION 

In using the tables to  predict  yields of specific stands,  allowances 
should, of course,  be made fo r  inevitable differences between fully stocked 
conditions a s  represented by the tables and actual conditions a s  encountered 
in the fores t .  The tables a r e  based on data f rom smal l  plots, selected f o r  
normal  stocking, and do not charac te r ize  stand conditions usually found over  
wide a r e a s .  Lower values than those in tlie tables should therefore  be  ex- 
pected when yield data a r e  applied to existing stands.  

In comparing red  a lder  yields with those of associated conifers,  two 
additional factors  should be recognized: (1) red  a lder  stands usually contain 
m o r e  defect than conifer stands of comparable age; and (2)  a n  8-foot scaling 
length is the bas i s  for  board-foot yields of red a lder ,  whereas  a 16-foot 
scaling length i s  used for  mos t  conifers.  

The "merging age" device, used in some tables to  smooth out i r regu-  
la r i t i es ,  should not affect pract ical  application of the yield tables because 
the loss  in accuracy  i s  insignificant. 

Blocks in tables indicate extent of the basic  data. 



FIGURE 1 

Average total height of dominant 
and codominant trees 

T O T A L  H E I G H T  

A G E  ( Years 1 



TABLE 1 

Average to ta l  height o f  dominant 
and codominant trees 

S i t e  index ( f ee t )  
Age 

(years j 

......................... Feet .......................... - 
10 23 27 31 35 39 43 47 

- - 

Derived from the formula: 

S i t e  index = (0.60924 + 19.538/age) height; 
where s i t e  index i s  for stand age 50. 



FIGURE 2 

Trees per acre--larger 
than 0.5 inch d.b.h.  
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TABLE 2 

Trees  pe r  a c r e - - l a rge r  
than  0.5 inch  d.b.h. 

S i t e  index ( f e e t )  
Age 

(yea r s )  
: 60 : 70 : 80 : 90 : 100 : 110 : 120 

Number of  t r e e s  ob ta ined  by d iv id ing  t o t a l  b a s a l  a r e a  by b a s a l  a r e a  
of  average t r e e .  



FIGURE 3 

Trees per acre--larger 
than 5.5 inches d.b.h. 

N U M B E R  OF T R E E S  



TABLE 3 

Trees pe r  ac r e - - l a rge r  
than 5.5 inches d .b .h .  

S i t e  index ( f e e t )  

Number of t r e e s  ob ta ined  by d iv id ing  t o t a l  b a s a l  a r e a  by basa l  a r e a  
of average t r e e .  



FIGURE 4 

Trees per acre--larger 
than 9.5 inches d . b . h .  
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TABLE 4 

Trees per  ac r e - - l a rge r  
than 9.5 inches d.b.h. 

S i t e  index ( f e e t )  
Age 

(years )  

Number of t r e e s  ob ta ined  by d iv id ing  t o t a l  ba sa l  a r e a  by basa l  a r e a  
of average t r e e .  



FIGURE 5 

Diameter of average tree-- 
larger than 0 .5  inch d.b.h.  
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TABLE 5 

Diameter of average tree-- 
l a rge r  than 0.5 inch d . b . h .  

Age . S i t e  index ( f e e t )  

(years) 
90 : 100 i 110 ; 120 

---------------I----I--- Years .......................... 
Merging age 55 56 56 53 49 43 35 

Up t o  merging age: 
Diameter of  average t r e e  = - 0.83 + 0.2045(age) - 0 . 0 0 1 1 5 3 ( a ~ e ) ~  

- 0.0192(site index) + 0.000284(site index)2 
+ 0.001103(site index) (age). 

Above merging age: 
Diameter of average t r e e  = 1.09 + 0.1057(age) - 0.000198(age) 

+ 0.0247(si te index) 
+ 0.000911(site index) (age). 

2 
\ Merging age = 6.75 + 1.3625(si te index) - 0.009375(site index) . 



FIGURE 6 

Diameter of average tree-- 
larger than 5.5 inches d.b.h. 
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TABLE 6 

Diameter of average tree-- 
larger than 5.5 inches d. b. h. 

Site index (feet) 

Diameter of average tree = 1.09 + 0.1057(age) - 0.000198(a~e)~ 
+ 0.0247(site index) 
+ 0.000911(site index)(age). 



FIGURE 7 

Diameter of  average tree-- 
larger than 9 . 5  inches d . b . h .  
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TABLE 7 

Diameter of average tree-- 
larger than 9.5 inches d.b.h. 

Age Site index (feet) 
(years) 

Merging age 

Up to merging age: 
Diameter of average tree = 11.33 - 0.0668(age) + 0.000705(age) - - - 0.0101(site index) 

+ 0.000950(site index) (age). 
Above merging age: 

Diameter of average tree = 1.09 + 0.1057(age) - 0.000198(a~e)~ 
+ 0.0247(site index) 
+ 0.000911 (site index) (age). 

2 Merging age = 173.5 - 1.775(site index) + 0.00625(site index) . 



FIGURE 8 

Basal area per acre--trees 
larger than 0.5 inch d . b .  h. 
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TABLE 8 

Basal a r ea  per  acre- - t rees  
l a r g e r  than 0.5 inch d.b.h. 

Age S i t e  index ( f e e t )  
(years)  

---o----o----*-----I~Io-- Years - - - - - - - - - -L- - - - - - -~- - - - - -  - 
Merging age .- 51 45 41 40 41 45 

Up t o  merging age: 
Basal a r ea  = 56.16 - 0. 006620(age) + 0.022465 ( s i t e  index) (age) .  

Above merging age: 
Basal a r ea  = - 111.95 + 3.8354(age) - 0.037466(age12 + 1.5606(s i te  index) 

- 0.006747(si te  index) + O.O16438(site index) (age) .  

Merging age = 165.0 - 2 . 5 ( s i t e  index) + 0.0125(s i te  index)2.  



FIGURE 10 

Basal area p&r acre--trees 
larger than 9.5 inches d.b.h. 
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TABLE 10 

Basal a r ea  per  acre- - t rees  
l a r g e r  than 9.5 inches d.b.h. 

Age 
S i t e  index ( f e e t )  

---------------------- Square f e e t  ...................... 

------------ow----w------ Year- ......................... 

Merging age -- -- -- 75 70 65 60 

Up t o  merging age: 
Basal a r ea  = - 150.64 + 3.6498(age) - 0.033070(age) 

+ 0.8356(s i te  index) - 0.002911(si te  index) 
+ 0.026337 ( s i t e  index) (age) . 

Above merging age: 
Basal a r ea  = - 111.95 + 3.8354(age) - 0.037466(age12 

+ l . j 6 0 6 ( s i t e  index) - 0.006747(site index) 
+ 0.016438(site index) (age) .  

Merging age = 120.0 - 0 . 5 ( s i t e  index). 



FIGURE 11 

Cubic-foot volume per acre--trees 
larger than 5 . 5  inches d.b. h. 
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TABLE 11 

Cubic-foot  volume pe r  a c r e - - t r e e s  
l a r g e r  than  5.5 inches  d.b.h. 

S i t e  index ( f e e t )  

Cubic f e e t  = - 949.13 + 10.4598(age) - 0.996486(age12 
- 7.0681 ( s i t e  index) + 1.886911(s i te  index) (age) .  

Tree  volume i s  f o r  stem t o  a 4- inch t op  d. i. b. , stump excluded. (From 
Table  93 ,  'lVolume Tables  f o r  P a c i f i c  Northwest Trees  ,I1 compiled by F. A .  
Johnson, U.S. Dept. Agr. Handb. 92,  122 t a b l e s .  1955.) 



FIGURE 12 

Cubic-foot volume per  acre- - t rees  
l a r g e r  than 9.5 inches d.  b. h. 
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TABLE 12 

Cubic-foot volume per  acre-- t r e e s  
l a r g e r  than 9.5 inches d. b. h. 

Age S i t e  index ( f e e t )  
(years) 

-.------.----...--go----- Years ---..-.-----..---..--.--- - 
Merging age - - -- - - 75 70 65 60 

Up t o  merging age: 
Cubic f e e t  = - 1711.81 - 15.7088(age) - 0.811366(age)2 

- 20.1181(si te  index) + 2.328763(site index)(age) .  

Above merging age: 
Cubic f e e t  = - 949.13 + 10.4598(age) - 0. 996486(age12 - 7.0681(s i te  index) + 1.886911(si te  index)(age) .  

Tree volume i s  f o r  stem t o  a 4-inch top d. i. b. , stump excluded. (From 
Table 93, "Volume Tables f o r  P a c i f i c  Northwest Trees,"  compiled by F. A .  
Johnson, U . S .  Dept. Agr. Handb. 92,  122 t ab le s .  1955.) 

Merging age = 120.0 - 0 . 5 ( s i t e  index).  



FIGURE 13 

Board-foot volume per acre (Scribner rule)-- 
trees larger than 9.5 inches d.b.h. 
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TABLE 13 

Board-foot volume per  a c r e  (Scribner  ru l e ) - -  
t r e e s  l a r g e r  than 9.5 inches d.b.h. 

Age S i t e  index ( f e e t )  
(years )  

Merging age -- -- -- 7 5 70 65 60 

Up t o  merging age: 
Board f e e t  = - 5964.07 - 70.0932(si te  index) - age[54.7306 - 7.550025(site index) 

+ 0.006623(si te  index) 2~ - age2[2.826865 
+ 0.005172(si te  index) - 0.000767(site index) 2 - age3[0.000267(site index)]. 

Above merging age: 
Board f e e t  = - 3306.85 - 24.6260(si te  index) 

+ agel36.4429 + 6.261671(si te  index) - 0.002327(si te  index) 2] - age2 p.471836 - 0.003444(si te  index) - 0.000621(si te  i ndex)2 ]  - age3 [O. 000328(si te  index)] . 
Tree volume i s  f o r  stem t o  an 8-inch top d. i. b. , stump excluded. Logs 

sca led  i n  8-foot  lengths.  (From Table 97, "Volume Tables f o r  P a c i f i c  North- 
west Trees," compiled by F. A. Johnson, U.S. Dept. Agr. Handb. 92, 122 
t ab le s .  1955. ) 

~ e r g i n g  age = 120.0 - 0 . 5 ( s i t e  index). 


