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A S L I D E - R U a L E  E E V I C E  

THE SUCCESSFUL FOREST manager has a number of well- 
stocked stands containing t r e e s  t h a t  a r e  sound, useful ,  and 
fast-growing. Each stand and each t r e e  i s  increasing i n  
value f a s t  enough t h a t  i t s  r a t e  of earning equals o r  exceeds 
the  earnings from comparable investments. 

A growing stock of t h i s  kind i s  obtained by leaving 
t h e  r i g h t  t r e e s  when thinning o r  making a h-est cut .  This 
paper has been prepared t o  describe an a id  i n  choosing t he  
r i gh t  t r e e s  t o  leave. 

For most t r e e s  t he  choice i s  obvious t o  t he  fo res te r .  
Some t r e e s  a r e  sound, s t r a igh t ,  tal1,and vigorous; and they 
a r e  c l ea r ly  wanted i n  t he  future  stand. Others a re  defec- 
t i v e ,  crowded, overmature, o r  otherwise undesirable elements 
of growing stock. I n  general,  species,  composition, stand 
s t ruc ture ,  and qua l i t y  w i l l  i d en t i fy  t he  t r ee s  t h a t  should 
be l e f t  t o  grow some more. Without any pa r t i cu l a r  study, 



these  t r e e s  a r e  known t o  be t h e  ones t h a t  w i l l  increase  t h e  
t o t a l  value of the  fo r e s t  more than enough t o  earn the  re- 
quired return.  

But i n  add i t ion  t o  these,  there  may be borderl ine 
t r e e s  t h a t  a r e  d i f f i c u l t  t o  decide about. I n  some stands 
there  a r e  so many good t r e e s  t h a t  growth would be impaired 
i f  a l l  were l e f t .  More commonly today, t r e e s  of poor qual- 
i t y  a r e  so p l e n t i f u l  t h a t  it may be d i f f i c u l t  t o  keep even a 
low l e v e l  of 'growing stock. I n  e i t h e r  case, a determination 
of earning capacity should help i n  choosing t h e  r i gh t  t r e e s  
t o  leave. 

A s l ide-rule  device has been prepared t o  help t h e  
f o r e s t e r  make t h i s  choice. It permits a comparison of earn- 
i ng  capacity based on present s i z e  and estimated growth. The 
t r e e  t o  leave i s  t he  one with the  g rea te r  earning capacity. 

HOW I T  W A S  n E V E * L O P E D  

Earning capacity of a t r e e  may be calcula ted from the  
compound-interest formula, o r  by use of t ab les .  Ei ther  way 
ia cumbersome and i s  subject  t o  mistakes i n  application.  One 
so lu t ion  might be a s e r i e s  of t ab l e s  such as  Heibergl has 
prepared f o r  white pine. These t ab l e s  a r e  based on average 
value a s  a function of d.b.b. (diameter breas t  high). From 
these  values Heiberg calcula ted growth r a t e s  required t o  
earn d i f f e r en t  i n t e r e s t  r a t e s  from a t r ee .  

Study of t h e  problem indicated t ha t  it should be 
possible t o  put t he  necessary information on a s l i d e  r u l e  
t h a t  you can ca r ry  i n  your pocket. A s l i d e  ru l e  i s  a device 
t h a t  adds o r  sub t rac t s  graphically;  so t h e  scales  would have 
t o  be graduated so  t h a t  addi t ion o r  subtract ion would pro- 
vide the  desired answer. 

This condit ion is  s a t i s f i e d  i f  Value = a ( D B H ) ~ ,  
which i s  a s t r a igh t  l i n e  i n  logarithms. I n  t h i s  equation, 
a and b a r e  parameters t h a t  may vary with species, l oca l i t y ,  
and the  physical re la t ionsh ip  of t he  fo r e s t  t o  t he  wood- 
using plant .  

The s l i d e  ru l e  was prepared f o r  use .w i th  yellow- 
poplar i n  West Virginia. Holcomb's data2 on value per  t r e e  

$eiberg, Svend O. 
40: 645-651. 1942. 

Cutt ing based on economic increment. Jour. Forestry  

2~o lcomb,  Carl J . ,  and Bickford, C Allen. Growth o f  yellow-poplar and 
as soc ia ted  s p e c i e s  i n  West V irg in ia  a s  a guide t o  s e l e c t i v e  cu t t ing .  Northeast.  
Fores t  Expt. S t a . ,  Sta .  Paper 52. 28 pp. 1952. 



of yellow-poplar were used ( table  1). They were plot ted on 
double-log paper. Departures from a s t r a igh t  l i n e  were found 
t o  be t r i v i a l .  Heibergls data a re  similar. 

The d.b.h, scale was graduated on the basis of log- 
arithms of value, showing the diameter corresponding t o  an 
average value. The same scale, i n  logarithms, was used f o r  
( 1  + r)n,  giving various values f o r  r when n = 10, and f o r  n 
when r = 0.03. 

It should be noted t h a t  the data on value of yellow- 
poplar a re  adjusted fo r  volume and quality,  but not f o r  in- 
fluence of s i ze  on logging cost. Since cost per u n i t  of 
volume tends t o  diminish with increasing d.b.h., t h i s  s l ide  
rule w i l l  tend t o  underestimate r a t e  earned. 

Estimated ra te  earned i s  subject t o  e r ror  because 
costs  and prices may change. Actual net stumpage value may 
be affected by s t i l l  other factors, such as accessibi l i ty .  
But f o r  comparative purposes i n  choosing the r ight  t r ees  t o  
leave, errors due t o  these factors  are  not important. The 
be t t e r  t r e e  t o  leave i s  s t i l l  the one with the greater earn- 
ing capacity. 

H O W  T O  U S E  I T  

The s l ide  ru le  can be used t o  answer two questions: 

1. Wat  in t e res t  r a t e  i s  
earned by yellow-poplar 

t r ees  of various s izes  and . 
growth r a t e s  during a 10-year 
period? 

2. What growth i s  required 
t o  earn 3 percent (corn- 

pounded) in t e res t  on t rees  of 
various s izes  over d i f fe rent  
periods of time? 

NOTE 

A printed plan for  the 
s l ide  rule i s  attached 
t o  t h i s  report, with 
instruct ions so you 
can cut  out the pieces 
and assemble it your- 
se l f .  

To F i g u r e  I n t e r e s t  E a r n e d  

To figure i n t e r e s t  earned by a t r ee ,  s e t  0 of the 
WLnterest Earned" scale  on the s l i d e  a t  present d.b.h. Add 
expected diameter growth t o  get an estimate of d.b.h. 10 
years hence, Now read off the number on the s l ide  corres- 
ponding t o  t h i s  estimated d.b.h. T h i s  i s  the r a t e  earned. 



Table 1.--Average volume and value 

of yellow-woplar i n  West Virginia 

# 

D.b.h. 
(inches) volume * Value 

Board f ee t  Dollars 

12 101 2.. 29 
U 166 3.98 
16 248 6.15 
18 346 9.80 
20 461 14-39 
22 593 20.48 
24 741 28.28 
2 6 905 38.25 

\ 

.b 

"International &inch rule.  
Source: Table 11 i n  Holcomb-Bickford 

report (see footnote 2). 

Table 2. --Average d. b. h. growth of yellow-poplar 

durinn next 10 gears. by v i m r  classes  

Present Vigor c lass  
d.b.h. 
(inches) 1 2 3 4 

Inches Inches Inches Inches - -  
12 2.9 2.1 1 - 4  0.7 
14 2.8 2.1 1.4 7 
16  2.6 2.1 1 4 -- 
18 2.5 2.1 - -- 
20 2-4 -- -- - 
22 2.3 -- -- -- 
24 2.2 -- -- -- 

~ v e r a ~ e "  2-7 2.1 1.4 0.7 
7 

0 
Weighted average of measured t r ee s  of saw- 

timber size.  
Source : Table 10 i n  Holcomb-Bickford report (see 

footnote 2). 



D.b.h. i s  measured directly.  For estimated diameter 

7 
growth during the  next 10 years, see table  2. I n  some cases 
vigor c lass  alone may suffice.  When average growth by v i g o ~  
c l a s s  i s  not decisive, .ge growth by d,b.h. 
a vigor c lass  may proT sharper comparison. 

, avera 
ride a 

class  

Increment boring can be used as  a l a s t  resort. 
increment core provides data on past growth, which 
used t o  estimate growth i n  the next 10 years (see formulas). 

Some i l l u s t r a t :  

- 

FOFlMULAS 

f o r  e s t ima t i~  rth dur r t  10 g 

Vigor c lass  A Adl  = -. , ,  . 0.64 L-L 
Vigorc lass  2 a d l = 0 . 6 6 + 0 . 6 0 n d 2  

Vigor c lass  3 Adl = 0.72 + 0.39 1 

Vigor c lass  4 Adl = 0.26 + 0.40 1 

i n  which A d 1  i s  estimated d.b.h. gro 
during next 10 years and Ad2 i s  measu 
d.i.b. growth during l a s t  10  ye: 

ions ma 

- - ., 

ing ne1 

n os + 

elpful:  

V r e - A  

t rees  
es and 

Suppose two yellow-poplar r;rees a re  neighbors and wt 
ie t o  cut  one t o  provide more growing space fo r  the 

o t  One i s  18-4 inches d.b.h. and of vigor class  1; the 
other i s  13.6 inches d.b.h. and of mnm class  3 The ex- 
pected diameter growtl 
years (from table  2) 
ivcl v- 

;he two 
, 5  inch 

next 1( 
espect- 

Similar but l e s s  precise reel l1f~ a r e  obtained 
class  average of 2.7 inches growth (tab1 

NoT ,ng the s l ide  rule,  s e t  0 of thc 
&ale a t  18.4 inches d.b.h. Estimated G . ~ . ~ . .  of tne A,,,-. 
t r e e  10 years from now i s  18.4 + 2.5 F 20.9; and the corre- 
sponding reading on the  s l ide  shows tha t  this t r e e  can bt 
expected t o  earn 4.8 percent in te res t .  I n  the same fashion: 
t h e  smaller t r e  found t o  have an expected 
of 5.4 percent. 

ing the 



of t h e  average of 2.5 inches f o r  18-inch t r ee s .  Midpoint of 
a diameter c l a s s  might a l so  be used, but any f o r e s t  manager 
i n t e r e s t ed  enough t o  want t o  use t h e  s l i d e  ru l e  should a l s o  
measure d.b.h. t o  t h e  neares t  t en th  of an inch and use t h a t  
information. 

I n  this example we have made no adjustment f o r  the  re lease  
e f f e c t  expected from cu t t i ng  one of t he  t r e e s ;  y e t  it i s  ev- 
ident  t h a t  cu t t i ng  t h e  l a rge r ,  more vigorous t r e e  should 
br ing about a g rea te r  g r 0 ~ ~ t h  response i n  t he  smaller t r e e  
than could be expected from t h e  l a r g e r  t r e e  by cu t t i ng  t h e  
smaller. So t h e  smaller  t r e e  i s  t h e  b e t t e r  t o  leave i n  this 
case. 

Now take two o ther  t r e e s ,  a l s o  neighbors. Both a r e  
vigor '  1 t r ee s ,  with no evident d i f ference i n  qua l i t y  o r  

apparent vigor. One i s  18.8 inches d.b.h., t he  other 20.2 
inches, Table 2 shows t h a t  t he  smaller t r e e  i s  growing 
f a s t e r .  Use of t h e  s l i d e  r u l e  ind ica tes  t h i s  t r e e  should be 
l e f t ,  

But suppose each t r e e  departed a l i t t l e  from the  average--in 
favor of t h e  l a rge r  t r e e .  Suppose t h e  marker subconsciously 
recognizes some ind ica tor  of exceptional growth, and bores 
t h e  t r e e s  t o  f ind t h a t  t he  smaller grew 2.0 inches and t h e  
l a rge r  2.4 inches (diameter ins ide  bark) during t he  l a s t  10 
years. 

Estimated d.b. h. growth during t h e  next 10 years  (from t h e  
formulas) i s  found t o  be 2.2 inches f o r  t he  smaller t r e e  and 
2.5 inches f o r  t h e  l a rger .  The s l i d e  ru l e  now shows t h a t  
the re  i s  a small advantage i n  leaving the  l a rge r  t r e e .  

T o  F i g u r e  G r o w t h  R e q u i  r e d  

To f igure  on t h e  s l i d e  r u l e  t h e  growth required t o  
earn 3 percent i n t e r e s t  over a c e r t a in  period of time, s e t  0 
of t h e  "Growth qequired" s ca l e  on the  s l i d e  a t  presentd.b.h. 
Read off  t he  deboh. t h a t  corresponds t o  t h e  length of t h e  
growing period i n  years. This d.b.h., minus present daboh., 
i s  t h e  growth required over t h a t  time period t o  earn 3 per- 
cen t  i n t e r e s t .  

The s l i d e  ru l e  may be used t h i s  way i n  choosing the  
t r e e s  t o  leave when acces s ib i l i t y ,  stocking, and perhaps 
other fac tors  make it desi rable  t o  use cu t t i ng  cycles of 
various lengths. O r  when f i nanc i a l  considerations may l ead  
a f o r e s t  manager t o  require  a c e r t a i n  minimum return.  (on 
t h i s  s l i d e  ru le  3 percent i s  used; but obviously any other  
r a t e  cbuld be used. ) I n  appl icat ion,  t h e  t r e e s  t o  leave 



should have an expected growth equal t o  o r  g rea te r  than t h e  
required growth indicated by t he  s l i d e  rule .  

O C h e  r A p p  1 i c a t  i o n s  

These two uses of t h e  s l i d e  r u l e  have been aimed a t  
problems of managing all-aged stands on a cutting-cycle 
basis .  The same procedures may a l so  be used i n  thinnings o r  
o ther  p a r t i a l  cu t t ings  i n  even-aged stands,  i n  deciding on 
borderl ine t rees .  

The s l i d e  ru l e  may a l s o  be used t o  determine when an 
even-ageds tand ismature .  I n t h i s  c a s e i t  i s  time t o  cut  
when t h e  average r a t e  earned f a l l s  below the  required min- 
imum. 

U S E  W I T H  O T H E R  S P E C I E S  

O R  I N  O T H E R  ~ L O C A l L I T I E S  

The question na tura l ly  a r i ses :  Can t h i s  s l i d e  ru l e  be 
used f o r  o ther  species o r  i n  other  l o c a l i t i e s ?  The answer 
i s  yes i f  t he  yellow-poplar value data  ( t ab l e  2) apply. 
But i n  general,  values f o r  another species o r  f o r  a d i f f e r -  
en t  l o c a l i t y  w i l l  be d i f fe ren t .  

I f  value over d.b.h. i s  a s t r a i g h t  l i n e  on double-log 
paper, a similar ru l e  can be prepared. I f  this s t r a i g h t  
l i n e  i s  p a r a l l e l  t o  t h a t  obtained by p l o t t i n g  t he  yellow- 
poplar data,  t h i s  r u l e  w i l l  be applicable.  P a r a l l e l  l i n e s  
on double-log paper mean t h a t  t h e  r a t i o  of values by d.b.h, 
i s  constant. T h i s  i s  equivalent t o  multiplying a l l  values 
by some common fac tor ;  so it does not change r a t e  earned. 

@b Another p o s s i b i l i t y  i s  t ha t ,  with l a rge r  t r e e s  of 
super ior  qua l i t y  becoming scarcer  and scarcer,  the re  may be 
an increas ing d i f f e r e n t i a l  i n  favor of t he  l a r g e r  t r e e s .  Tn 
this s i t ua t i on  a new graduation of t he  diameter scales  
should be made, based on t h e  appropriate value/d. b. h. re- 
la t ionship .  

Returning t o  the  question of o ther  species, t he  
value/d,b.h, re la t ionsh ip  depends on average volume over 
d.b,h. and average value per  u n i t  of volume over d.b.h. When 
wood i s  used i n  a bulk product, such a s  pulp, the re  i s  l e s s  
increase  i n  value p e r  cubic foot  with increas ing diameter. 
I n  this case, a useful  r u l e  f o r  approximate purposes could 
be based on volume ins tead  of value. It would be biased, of 
course, and should be used only u n t i l  a b e t t e r  bas i s  becomes 
available.  



When wood i s  used fo r  ordinary lumber, the increase 
i n  average value per t r e e  with increasing d.b.h. i s  much 
steeper than when the  t r ees  a r e  cut  f o r  pulp. And i n  l i k e  
manner, the increase i s  steeper s t i l l  when the la rger  t r ees  
a re  cut  fo r  some premium product such as  face veneer. These 
factors  would be important i n  preparing a similar ru le  f o r  
spruce i n  Haine, yellow birch i n  New York, and so on. 

Agriculture - Forest Strvice Upper Darby, .Pa. 
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CUT OUT THIS WINDOW 
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S L I D E  RULE 
rrf s 
or., a, .a* n FOR CHOOSING TREES T o  LEAVE 

NORTHEASTERN FOREST IN SELECTIVE CUTTING 
EXPERIMENT ST ATlON 

UPPER DARBY, PA 

1953 FOR YELLOW-POPLAR 
IN WEST VIRGINIA 

INTEREST EARNED 
IN 18 Y E A R S  

cl FI lo 15 pa  YEARS 
GROWTH REQUIRED 

TO EARN 3 %  

INSTRUCTIONS FOR ASSEMBLING 

b a  Cut o u t  FRONT a d  BACK a 

2. Cut out window in FRONT. 

3. Fasten FRONT and BACK together 
by taping slda edpes, allawing 

space f o p  s l ide .  Leave ends 
QpetIr 

4. Cut out SLIDE and insert so 
printed sesle appears in win- 
dow. f f  nacesaary trim edges 
till it alides freely. 




