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TRE5 GF-ADES, YIELDS VALUES FOR SOME - 

by 

l/ Robert  A .  Campbell- 

F o r e s t e r s  haTre long recognized the  need f o r  a  b e t t e r  method of 

app ra i s ing  s tanding  timber i n  terms of q u a l i t y  a s  we l l  a s  volume of lumber 

t h a t  t r e e s  may be expected t o  produce. Because t h e  range i n  p r i c e  between 

high-grade lumber and low-grade lunber  i s  extremely wide, a s tand  of high-  

q u a l i t y  t imber i s  much more va luable  than  a low-qual i ty  s tand .  I n  s p i t e  

of t h i s ,  e s t ima t ing  methods commonly used today g ive  l i t t l e  cons ide ra t i on  

t o  q u a l i t y .  

Because of t h e  extreme v a r i a b i l i t y  i n  t imber and the  lack  of a  

workable procedure,  t h e  p r a c t i c e  of grading logs and s tanding  timber has 

lagged f a r  behind t h e  grading of most o t h e r  commodities. Some progress  has 

been made i n  t h e  development of s tandard  r u l e s  f o r  grading hardwood logs ,  

b u t  no t  u n t i l  r e c e n t l y  i n  t h e  Southeas t ,  and then  on iy on an experimental  

b a s i s ,  have t r e e s  been graded according t o  t h e i r  Lumber q u a l i t y .  

To t h e  f o r e s t e r ,  t imber buyer,  owner and manager a l ;  ke ,  a  r e l i  - 

ab le  system of t r e e  grades ,  supported by corresponding lumber va lues ,  would 

be e s p e c i a l l y  u s e f u l  i n  determining:  

1. The choice of spec i e s  and s i z e s  of t r e e s  t o  c u t  o r  l e ave ,  

2- The t r e e ' s  h ighes t  market va lue ,  e - g , ,  veneer o r  lumber, 

3. The b e s t  financial r o t a t i o n ,  

4. Timber values  f o r  s a l e  o r  exchange. 

This  paper desc r ibes  a  system ~f t r e e  grading t h a t  i s  intended 

t o  s epa ra t e  Appalachian hardwood t r e e s  i n t o  appropr:ate  va lue  c l a_s se s ,  

i/ F o r e s t e r ,  Southern Appalachian Branch, Southeas te rn  Fo re s t  Experiment - 
S t a t i o n .  



The paper provides  estimates of lumber-grade y i e l d s  f o r  t r e e s  of va r i cus  

s i z e s  a d  grades ,  and o u t l i n e s  sho r t - cu t  methods c f  e s t ima t ing  s tand  and 

t r e e  va lues .  

P a s t  Work - 
Tree grades and c l a s s i f i c a t i o n s  have been developed along twc 

somewhat s epa ra t e  l i n e s .  The f i r s t ,  exemplif ied by t h e  t r e e  c l a s s i f i c a t i o n  

system i n  Ponderosa p i n e ,  was based upon the  s:;vicultura; c h a r a c t e r i s t i c s  

of  v igo r  and r i s k ;  o t h e r  systems have inciuded both  s i l v i c u l t u r a l  cha rac t e r -  

i s t i c s  and u t i l i z a t i o n  va lue ,  and s t i l l  o t h e r s  a r e  based only  on 

u t i l i z a t i o n  va lue .  

S t r a t i f i c a t i o n  of  t r e e s  i n t o  value c l a s s e s  e l imina te5  t h e  n e c e s s i t y  

of  grading each l o g  i n  t h e  t r e e *  This  i n i t i a l  s t e p  provides  a  key t o  t r e e  
i 

va iue ,  which i s  t h e  end r e s u l t  de s i r ed  f o r  app ra i s a i  and many o t h e r  manage- 

ment purposes.  A combination value and s i l v i c u l t u r a l  v igor  and r i s k  system 

of t r e e  grading was f i r s t  used by the  U. S -  Fo re s t  Serv ice  I n  t h e  Lake S t a t e s  

r eg ion  i n  t h e  e a r l y  ' 4 0 ~ s . 2 '  The va lue  grades of t h i s  system were based on 

t h e  q u a l i t y  of t h e  b u t t  l og .  The succes s fu l  pioneerxng done on t h e  b u t t -  

l o g  b a s i s  i n  t he  Lake S t a t e s  encouraged t h e  au thor  t o  t r y  a  similar approach 

i n  t he  Southern Appalachians 

Bas is  f o r  Appalachian Hardwood Tree Grades -- 

The Appalachian hardwood t r e e  grades here  presen ted ,  l i k e  t h e  Lake 

S t a t e s  t r e e  grades ,  a r e  based s o l e l y  upon grade of t he  b u t t  l o g ,  The s p e c i f i -  

c a t i o n s  used i n  c l a s s i f y i n g  b u t t  logs f o r  t r e e  grading a r e  given i n  t a b l e  1. 

On t h e  b a s i s  of t he se  s p e c i f i c a t i o n s ,  t he  t r e e  grades a r e  a s  fo l lows:  

.Grade A-- t ree  with a  s e l e c t  b u t t  l o g  

Grade B- - t r ee  wi th  a  grade 1 b u t t  l og  

Grade C-- t ree  wi th  a  grade 2 o r  grade 3 b u t t  l og  

2 Goetzen, C. B., Par ton ,  W. W., S t o t t ,  C .  B . ,  and S tone ,  J. H. - 
Suggested hardwood t r e e  c l a s s  s tandards  f o r  farm f o r e s t e r s .  U* S .  
Fo re s t  Serv ice ,  Region 9. Milweukee. 1943- ( ~ u l t l l i t h e d .  34 ~ p . )  



TMs system t akes  advantage of t he  recognized tendency f o r  t h e  

uFper .ogs  i n  a t r e e  t o  be of lower grade t han  those next  below them. 

'rihen t c e  upl;er logs  were graded by  t h e  Bent Creekl' Log-grading system 

from '~bi~lkl t he  above b u t t  l o g  requirements  were de r ived ,  i t  was found 

t h a t  t k e r ~  was an o r d e r l y  dec l ine  i n  l og  grades ug t h e  t r e e .  For  e x m p l e ,  

a select ,  c ~ t t  l og  i s  u sua l ly  topped by  a grade 1 log ,  a grade i l og  by  a 

grade 2 ,  and a grade 2 b u t t  l o g  i s  u s u a l l y  topped by a grade 3 l o g ,  The 

cons is tency  of t h i s  1 ,  2, 3 order  of l o g  occurrence i s  demonstrated i n  

t a b l e  2 ,  f o r  PO5 t r e e s .  The p a r t i c u l a r  value of  t h i s  system i s  t h a t  it 

permi t ted  t h e  use of lumber-grade y i e l d  d a t a  by  l o g  grades i n  b u i l d i n g  up 

grade y i e l d  and va lue  d a t a  f o r  t h e  t r e e  grades.  The t e s t s  r epo r t ed  on 

page 1 3  show t h a t ,  a s  a r e s u l t  of t h i s  system, grading of t h e  t r e e s  by 

t h e  b u t t  l og  alone provided a reasonably good e s t ima te  of t r e e  va lue ,  

when compared with t h e  va lue  obtained by grading each l o g  i n  t h e  t r e e .  

The d i f f e r ences  i n  t r e e  va lues  i n  t h e  lower b u t t  l o g  grades a r e  

r e l a t i v e l y  small  compared wi th  those of t h e  upper grades.  Fo r  example, 

t h e r e  i s  l i t t l e  t o  be gained economically i n  s epa ra t i ng  t r e e s  conta in ing  

grade 2 b u t t  logs  from those  with grade 3 b u t t  l ogs ,  because t h e  t r e e  

va lue  d i f f e r e n c e s  a r e  l e s s  t han  f i v e  d o l l a r s  p e r  thousand board f e e t .  Thus, 

grade 2 o r  3 b u t t  logs  a r e  combined t o  form t r e e  grade C .  E f f o r t s  i n  

ref inement  might b e t t e r  be spent  on t h e  h igher  b racke t s  o f  t h e  va lue  s c a l e  

i n  s epa ra t i ng  veneer -qua l i ty  t r e e s  from those  of sawlog grade. While t h i s  

method of t r e e  grading i s  sometimes l e s s  accu ra t e  than  grading each log  i n  

t h e  t r e e ,  it i s  acceptab ly  accu ra t e  and a t  t h e  same time i s  much s impler  

t o  use.  Through it ,  t h e  chore of grading i s r  reduced t o  a workable b a s i s .  

Since t h e  t r e e  grade i s  based on t h e  q u a l i t y  of t he  b u t t  l og ,  t h e  

a p p r a i s e r  must examine t h i s  l o g  c lo se ly .  Usual ly  t he  f i r s t  cons idera t ion  

i s  t h a t  of s i z e .  There i s  no p i n t  i n  consider ing t h e  n-umber o r  s i z e  of 

c l e a r  s ec t i ons  i n  t h e  b u t t  l o g  if t h e  t r e e  i s  sma l l e r  t han  18" d.b .h .  

3/ The Bent Creek Experimental F o r e s t ,  near  Ashevi l le  , N. C . , i s  a f i e l d  - 
l abo ra to ry  of t h e  Southern Appalachian Branch of t h e  Southeas te rn  F o r e s t  
Experiment S t a t i o n .  



Table 1. - -  A ~ p a l ~ c h i a n  hardwood t r e e  grade spec:ficatlcns 

I/ Normally t he  f i r s t  16 f e e t  abcve the  stump. Th is  log  may - 
be extended t o  allow f o r  jump but t s - -u l ;  t o  6 f e e t  i n  l eng th .  
Any jump b u t t  exceeding t h i s  l eng th  w i l l  be considered a 
p a r t  of t he  b u t t  log,  and the  log o r  t r e e  graded accordingly.  

Inches 

A 20 
A 30 
B 18 
C 

2 Grade based on poores t  of 3 b e s t  f a c e s .  A f ace  i.s one - 
q u a r t e r  of t h e  l o g ' s  c i rcmiference ,  

F e e t  Nmber Percent  
P -- 

S e l e c t  -- 1 3  - j+ /l 10 
S e l e c t  14  4 2  

5: 3 25 
N O *  1 1-3 - 25 
Any t r e e  w i th  a No. 2  o r  N o  3 b u t t  log .  

3/ A s e c t i o n  i s  t he  c l e a r  l ength  between two successive d e f e c t s  - 
o r  t h e  d i s t ance  between a d e f e c t  and t h e  end of a l o g  on 
any one f a c e  + 

4,' Each s e c t i o n  must have a t  l e a s t  7 f t ,  c l e a r .  Thus a - 
centered  knot o r  o t h e r  si m i  l a r  d e f e c t  i s  p e r ~ i l s s l b l e  
i n  t h i s  grade. 

51 Each s e c t i o n  need have only  5 f t .  between d e f e c t s  In  t h i s  - 
grade 

because such a log  au toma t i ca l l y  f a i l s  i n  c l a s s  C. I f  t h e  d .b .h .  exceeds 

4' o r  con- t h i s  minimum s i z e  and the b u t t  l o g  has twc o r  more c l e a r  f a c e s ,  - 
t a i n s  c l e a r  s e c t i c n s  f ive  f e e t  o r  longer ,  then f u r t h e r  cons idera t ion  i s  

warranted,  A f t e r  sur face  c inarac te r i s t ;cs  and s Z ~ e  requirements have been 

s a t i s f i e d ,  t h e r e  s t ]  il remains t h e  f i n a L  -in: t i n g  f a c t o r  of defec t  allowance. 

A fbce i s  one q u a r t e r  of t h e  l o g ' s  c i r c m f e r e n c e .  A c l e a r  face  i s  one 
conta in ing  nc spec i f i ed  d e f e c t s ,  such a s  knc ts ,  b u m ~ s ,  c racks ,  s c a r s  
(over  1,/5 t he  l o g  diameter  a t  t h s t  F a i n t  c r  o t k r  d e f e c t s  which might 
reduce t h e  qua;ity of lumber. 
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Experience i s  t h e  b e s t  guide f o r  es t imat ing  d e f e c t ,  which includes such 

items a s  r o t ,  sweep, crook, e t c .  Considerable a s s i s t ance  can be obtained 

by a  c a r e f u l  s tudy of a  r ecen t  pub l i ca t iun  on log  and t r e e  d e f e c t s . ~ '  I f  

the  stump s e c t l o n  i s  so de fec t ive  t h a t  it w i l l  o r  should be but ted  a f t e r  

f e l l i n g ,  a  j m p  b u t t  up t o  6 f e e t  long may be deducted mental ly when 

grading the b u t t  log.  Defective logs exceeding allowable l i m i t s  f o r  t h e  

grade a r e  reduced one grade; they  a r e  not f u r t h e r  degraded because of 

de fec t .  

F igures  1 and 2 i l l u s t r a t e  t r e e  grades A, B, and C i n  yellow- 

poplar .  

I n  a c t u a l  p r a c t i c e  t r e e  grading i s  much e a s i e r  than  reading of 

the  spec i f i ca t ions  makes it appear ,  With a  few hours1  p r a c t i c e  and con- 

sc i en t ious  a t t e n t i o n  t o  spec i f i ca t ions ,  almost any timber es t imator  can 

grade t r e e s  s a t i s f a c t o r i l y .  

YIELDS 

Est imating Lumber Yield by Tree Grade --- 

The f i r s t  s t e p  i n  developing t h e  system was t o  c o l l e c t  a  s i zeab le  

backlog of information on log-grade y i e l d s  of  graded lumber. Then t h e  

method f o r  obtaining the  t r e e  y i e lds  and values necessary t o  apply o r  t e s t  

t he  system cons is ted  of cons t ruc t ing  hypothe t ica l  t r e e  y i e lds  and convert-  

ing  these  y i e lds  t o  t h e i r  equivalent  d o l l a r  value.  The t a b l e s  of lumber 
I 

y i e l d  by t r e e  grade (appendix t a b i e s  A - 1  through A-7) were constructed by 

assembling log-grade y i e l d s  i n t o  hy-pothetical t r e e s  of average t a p e r ,  on 

the  assumption t h a t  upper iog  q u a l i t y  decreased progress ive ly  with upper 

log  p o s i t i o n *  

5/ Lockard, C .  R . ,  Putnam, J. A.,  and Carpenter? R. D .  Log de fec t s  i n  - 
southern hardwoods. Agr icul ture  Handbook No. 4, U. S.  Dept. Agr., 
Fo res t  Service.  June 1950. 



Figure I. --View of graded yellow-poplar trees 

Figure 2.--Opposite view of same three graded yellow-poplar t r ees .  Tree A i s  
30 inches d.b.h. and i s  c l e a r  on three  faces ;  t r e e  B i s  18 inches 
d.b.h, and c l e a r  on two faces with 7-foot cut t ings  on the  t h i r d ,  
but i s  too small t o  make grade A a t  present;  t r e e  C i s  14 inches 
d.b.h. and i s  too small and too knotty t o  be anything b e t t e r  than 
grade C .  



BeginnLng then,  with graded logs  and t h e i r  1-umber y i e l d s ,  

mount%%n hardwood t r e e  grade y i e l d s  were based upon t h e  previcus ly  

mentioned tendency of upper logs  t o  be of success ive ly  lower grade 

than those  next below them. Although the  hypo-thesis of progress ive ,  

o r d e r ~ y  dec l ine  i n  grade i s  not  i n v i o l a t e ,  t he re  i s  good evidence 

t h a t  u p p r  logs  do approach those grades which progressive dec l ine  

tjould i n d i c a t e .  Furthermore, a s  shown on page 13, the  computed 

values of some 200 sample t r e e s  represent ing  the  n a t u r a l  occurrence 

of graded logs d id  not  d i f f e r  s i g n i f i c a n t l y  from the  hypothe t ica l  

values . 

For each t r e e  grade, diameter c l a s s ,  and log  length  of each 

species  shown i n  t a b l e s  A - 1  through A-7, lumber y i e lds  were computed 

f o r  each log  and then combined t o  produce synthesized t r e e  y i e lds .  

Percentage y i e l d s  of lumber f o r  t h e  various log  grades and s i z e s  

needed were obtained from grade-yield s tud ie s  of some 1,700 hardwood 

logs .  The r e spec t ive  t a b u l a r  percentage f i g u r e s  were then mul t ip l i ed  

by t h e  volume of the  appropr ia te -s ize  l o g  t o  a r r i v e  a t  t he  board-foot  

contents  by lumber grade. Tota ls  by lumber grade f o r  t h e  whole t r e e  

were f i r s t  added and then these  volumes were converted t o  percentage 

y i e l d s  f o r  t he  t r e e ,  a s  shown i n  t a b l e s  A - l  through A-7. 

Trans la t ing  Lumber Yields t o  Tree Value 

Although lumber-grade y i e l d s  f o r  d i f f e r e n t  t r e e  grades a r e  

informative and. u se fu l  f o r  some purposes, they a r e  cumbersome f o r  

d i r e c t  use i n  appra is ing  timber.  To ta l  d o l l a r  value of t h e  lumber i n  

the  t r e e  i.s more u s e f u l ,  b u t  it f l u c t u a t e s  with each change i n  t h e  

market value of lumber. For tunate ly ,  a  s i n g l e  index of t h e  lumber 

q u a l i t y  of a  t r e e  i s  ava i l ab le ,  using a  100-point s ca l e  i n  which an 

index of 100 represents  an i d e a l  t r e e  containing nothing but  FAS l m b e r .  

I n  der iv ing  t h i s t t Q u a l i t y  Index," Herrickg' s t a r t e d  wi th  the 

6/ Herrick, A .  M. Grade y i e l d s  and overrun from Indiana hardwood - 
sawlogs. Purdue Univers i ty  Bul. No. 516. Apr i l  1946. 



o b s e r v a t i ~ n  t h a t  when p r i c e s  f o r  hardwood luiiber change, t he  g r i c e s  
0  or t h e  d l f f e r e n t  grades tend t o  change i n  t h e  same r a t l o ,  Taking 

t h e  p r i c e  of FAS as  uncty,  t h e  p r i c e s  f o r  t h e  iosrer grades of l m b e r  

f o r  a  given spec ies  can then  be expressed a s  a  decimal p a r t  of the 

value o f  FAS. The percentage of a  par tEcular  grade of lumber i n  a  

t r e e ,  qir;'_";plied by  t h e  decimal r a t i o  of t h e  p r i c e  of t h a t  grade t o  

t h e  p r i c e  c f  FAS, w i l l  show t h e  con t r ibu t ion  of t h a t  grade t o  t h e  

t o t a l  value of  t he  t r e e .  The sum of these  contributions f o r  a l l  

grades of lumber i nd ica t ed  t h e  r e l a t i v e  value of t h e  t r e e  p e r  

thousand board f e e t  on t h e  100-point s c a l e  cf Qua l l t y  Index, here-  

a f t e r  r e f e r r e d  t o  a s  &, I ,  For example, t h e  formula f o r  &. I .  f o r  

t h e  oaks and seve ra l  o the r  hardwoods i s  ~($FAs)  + -95($ s e l e c t s )  + 
.65($ IC)  c .40($ 2C & S.W.) c .20($ 3 ~ ) .  The d o l l a r  value of the 

log o r  t r e e  i s  then obtained simply by mul t ip ly ing  the  Q, I .  by t h e  

cu r r en t  value of FAS f o r  t h e  spec i e s ,  and d iv id ing  by 190. 

Q. 1- values ,  l i k e  form c l a s s ,  vary  somewhat between spec i e s ,  

bu t  t h e  v a r i a t i o n  i s  s u r p r i s i n g l y  smal l ,  I n  f a c t ,  it i s  l e s s  t nan  the  

seasonal  o r  annual v a r i a t i o n  wi th in  a  spec i e s  caused by variation i n  

p r i c e  r a t i o s .  For  example, white  oak, yellow-poplar and basswood 

showed s l l g h t l y  d i f f e r e n t  p r i c e  r a t i o s  from year  t o  year  during t h e  l a s t  

t h ree  yea r s ,  y e t  t h e  average p r i c e  r a t i o  f o r  each during t h i s  per iod  

f i t s  t h e  genera l  formula very  wel l .  The o the r  spec i e s  t e s t e d  showed 

r e l a t i v e l y  c o n s i s t e n t  p r i c e  r a t i o s  f o r  t h e  t h r e e  yea r s ,  Because o f  t h e  

cons is tency  of lumber-grade p r i c e  r a t i o s ,  and the re fo re  of Q, I.  v a l u e s ,  

r ega rd l e s s  of spec ies ,  over  a  base per iod  (1937-1950). it was decided 

t o  use a  genera l  formula r a t h e r  than sepa ra t e  ones f o r  each spec i e s .  

This combined formula gave d o l l a r  values wi th in  p lus  o r  minus 3 percent  

of those  computed, when t h e  y i e l d  of each lumber grade f o r  a  given 

spec ies  and t r e e  grade was mul t ip l i ed  by i t s  r e spec t ive  p r i c e .  This  

small  value d i f f e r ence  i s  l e s s  than  t h e  expected e r r o r  i n  grade-y ie ld  

e s t ima te .  The complete genera l  f  ornula reads Q. I .  = ~ ( ~ F A s )  4 -95 

($  s e l e c t s )  -I- .85($ S a ~ s )  + .65($ IC)  + .45($ 2.A) + .30($ 2 ~ )  -t- -40 

($ 2C & S.W.) + .35($ 3A) F -15($ 3 ~ )  . 2 0 ( 3 ~ ) .  I n  so lv ing  t h e  formula, 

on ly  t h e  applicable grades a r e  use3 f o r  any one spec i e s .  Amng sane 1 5  



o r  16 hardwoods stud:eG, onLy 2 were scj d i f f e r e n t  t h a t  t h e  b a s i s  f c r  

Q. 1- d e t e r ~ i n a t i o n  needed changing t c  achieve g r e a t e r  va lue  accaracy.  

These s ~ e c i e s  were buckeye and h ickory .  For  buckeye t h e  IC grade 

should be m u l t i p l i e d  by  and the  2C grade by .5 i n s t ead  cf the  cilstcm- 

a r y  '65 and .40. For h ickory ,  l C  grade should be m u l t l p i l e d  by -6 and 

2C by -35. A f t e r  t h e  Q. I .  va lue  i s  once computed and p l o t t e d  over 

diameter  f o r  each t r e e  grade,  it w i l l  remain v a l i d  over a long per2od 

of t i m e - - u n t i l  subsequent g rade-y ie id  s t u d l e s  r e v e a l  d i f f e r e n c e s  i n  

grade y i e l d s  o r  u n t i l  a b a s i c  change i n  grade-value r e i a t i ~ n s h i p s  occurs ,  

The l a t t e r  s i t u a t i o n  i s  no t  a p t  t o  occur soon, judging from Her r i ck ' s  

s t u d i e s  of p r i c e s  obtained before  and during O.F.A. and from ours  s ince .  

Q. 1 I values  were computed from t h e  percentage of lumber grade 

y i e l d s  shown i n  t a b l e s  A - l  through A-7. Grade y i e l d s  f o r  some of t h e  

oaks inc lude  t imbers  a s  we l l  a s  boards.  These y i e l d s  were combined w i t h  

3A lumber i n  computing t r e e  y i e l d s  and va lues .  These va lues  were then 

p l o t t e d  and smooth curves were drawn. The va lues  shown i n  t abse  3 were 

read from t h e s e  curves.  

A 1 1  va lues  used i n  computing Q. f , a r e  based on one-inch lumber, 

s i n c e  n e a r l y  a i l  of t h e  lumber c u t  i n  t h e  southern  Appalachians js of  

t h i s  t h t cknes s .  

Multiplyxng t h e  Q. Z L  by t h e  app rop r i a t e  FAS p r i c e  and d iv id ing  

by 100 provides  t h e  d a t a  f o r  curves of lumber p r i c e s  by spec i e s ,  t r e e  grade,  

and s i z e  such a s  a r e  shown i n  f i g u r e  3 ,  From such p r i c e  curves we can 

determzne spec i e s  groupings,  Those shown i n  t a b l e  4 a r e  based on preva2i;ag 

p r i c e s  a s  o f  J u l y  1 ,  1950- 

Lumber va lues  f o r  2-Log, 25-lnch t r e e s  r e ~ r e s e n t ~ n g  hardwc~da 

average $119 per  M.b.f. f o r  grade A t r e e s ,  $98 f c r  grade E t r e e s  and $83 

f o r  grade C t r e e s .  If these  d o l l a r  values  a r e  co r r ec t ed  tc a 100-gc;nt 

s c a l e ,  w i th  grade A t r e e s  a t  t he  t op ,  then  grade B t r e e s  average 82 and 

grade C t r e e s  average 70- -provid ing  a very  s a t ~ s f a c t o r y  s t r a t l f : - c a t i o n  cf 

t r e e  va lues .  These value d i f f e r e n c e s  a r e  conserva t ive  from the  buye r ' s  

standpoint, s lnce  woods-run grade A t r e e s  w i i ,  be ccns iderab ty  l a r g e r  

than  average grade C t r e e s ,  and the  value d i f f e r e n c e s  shown abcve w ' i l  be 

accentua ted ,  



l/ Table 3.--Condensed t r ee  yields for some Appalachian haxdwoods- 
(1n Qual i ty  Index numbers) 

White ash 20 70 70 68 67 64 62 61. 60 57 
25 80 75 73 73 69 66 66 62 59 
30 83 79 76 78 72 - 68 68 63 6 1 

- 

Basswood 20 72 67 63 66 61  56 56 51 51 
25 76 72 69 71 64 5 9 58 53 52 
30 80 77 73 74 67 61  59 55 53 

Beech-avg. 2J 6 2 I em a 48 LI m (9. 35 
Black birch 20 - c. - 58 54 ... 49 45 - 

25 - - - 61 56 L 51 46 ea 

30 - Y .I 63 57 I 52 47 .. 
Buckeye 20 6 1  52 50 58 5 1  47 53 49 45 

25 68 60 52 64 56 49 57 53 
69 61 

46 
30 75 66 53 51 61 56 

LI - L Y e 
47 

35 80 69 72 .I 

Cherry-avg .g 70 I )  #a 55 L. p. 4.2 .. - 
- -- 

Hicko rg-avg , ... U - 51 47 .*) 162 39 CI 

Hard maple 20 70 68 63 67 62 58 56 51 50 
25 75 73 68 72 65 62 60 54 52 
30 80 77 72 76 69 64 63 56 53 

Red maplo 20 77 68 .nu 66 58 c.( 49 16 LI 

25 78 71 ... 69 60 mD 51 47 ... 
30 79 73 C 71 62 a. 52 48 II 

Black oak 20 60 58 56 
25 66 63 58 
30 71 67 6 2 
35 75 70 0 

Scar le t  oak 20 52 51 48 
25 58 56 52 
30 62 60 56 
35 65 62 II 

Northern 20 66 62 5 7 58 51 49 47 45 44 
red oak 25 70 66 62 63 56 53 52 48 46 

30 72 70 64 67 61 56 56 50 @ 
35 74 72 66 68 63 58 58 51 50 

Chestnut oak 20 4.6 43 42 43 39 38 35 35 35 
25 51 47 45 43 40 39 37 36 36 
30 55 51 47 44 a @ 39 37 37 
35 58 52 48 45 & 40 IcO 38 3 7 

White oak 20 54 52 49 52 47 4.4 44 38 3 6 
25 63 59 5 5 56 50 46 40 38 
30 71 65 60 59 53 4.8 47 15 39 
35 75 69 63 62 55 1.9 1 5  40 

YeUowupoplar 20 58 56 5 5 
25 60 5 8 57 
30 62 60 58 
35 63 61 59 

Quali ty Index ( Q - I ,  ) , values were computed from base formula: Q.I. Sum of grade yie ld  percents weighted 
by re la t ive  ao l l a r  values. These Q.1, values were then plotted over d.b.h. and curved. See t ex t  f o r  
explanation of use. 

Reech Data from U. S. Forest Products laboratory, "Sawlog Grades f o r  Hardwoods--Central Sta tes  Studies." 
Report No. D 1699 Nov. 1947. 
Cherry data from Northeastern Forest Experiment Sta t ion,  tfLumber Values From Graded Logs-Black Cherry 
and Oak -," by G. E. Doverspike and J. C .  Ret t ie ,  Nov. 19.69. 



Table 4. - - ~ m b e r  values&' f o r  *-log t r e e s  25 inches d.b.h.  

High 

$i20 e 
Hard maple 
Basswood 

Grade A t r e e s  

Medim 

$100 - 120 
White oak 
Black oak 
Northern red  oak 
Yellow -popJ.ar 
Ash 
So f t  maple 

Grade B t r e e s  

$ 90 - 110 
Hard maple 
Black b i r c h  
Basswood 

Ash 
Ye llow-poplar 
Northern red  oak 
White oak 
Red maple 
S c a r l e t  oak 

$ 90 + 
Hard maple 
Ash 
Black b i r c h  
Basswood 
Yellow-poplar 

Grade C t r e e s  

$ 70 - 90 
Northern red  oak 
White oak 
S c a r l e t  oak 
Red maple 
Black oak 

Low - 

$100 - 
S c a r l e t  oak 
Chestnut o& 
Buckeye 

$ 90 - 
Black oak 
Chestnut oak 
Buckeye 

$ 70 - 
Chestnut oak 
Buckeye 

11 Per M.b.f., a i r - d r y  lumber, based on p r i c e s  shown i n  "Hardwood Market - 
Report" f o r  J u l y  1 ,  1950. 



Tests  of Quali ty  Index Estimates 

Recently some 200 t r e e s  represent ing  10 of 13 cormnercially 

impcrtant hardwood spec ies  were graded log by log.  These t r e e s  ranged 

frorr, 10 t o  42 inches d.b.h. and from 1-112 t o  5-3-12 s ix teen-foot  logs i n  

l eng th .  A few o f  the  s m i l l e s t  and a few of t h e  l a r g e s t  t r e e s  were d i s -  

carded because they exceeded t h e  range of  e x i s t i n g  Q. I .  curves. Of tk 

remaining 199 t r e e s ,  77 were grade A, 57 were grade B ,  and 65 were Grade 

C. &. I. values were computed f o r  each t r e e  based on t h e  observed log  

grade and proport ionate volume of each log. These computed values were 

then compared with t h e  est imated values based on grading only t h e  b u t t  

log  and assuming an o rde r ly  dec l ine  i n  grade of the  upper logs .  Within 

each t r e e  grade, spec ies  with s imi l a r  Q. I .  values based on observed log  

grades were grouped, and somewhat d i f f e r e n t  spec ies  combinations were some- 

times used i n  t h e  d i f f e r e n t  grades. Thus, basswood was combined wi th  hard 

maple i n  grade A t r e e s ,  bu t  with s o f t  maple and red  oak i n  grade B. This 

was necessary because of the  few t r e e s  ava i l ab le  i n  some species  and 

grades.  

The small  sample of  t r e e s  wi th in  spec ies ,  diameters ,  merchantable 

l eng th ,  and t r e e  grade,  necess i t a t ed  considerable grouping of da ta .  

Fur ther  refinements must be defer red  u n t i l  considerably more da ta  a r e  a v a i l -  

ab le .  Deviations of t h e  est imated from t h e  a c t u a l  va lues ,  a s  presented i n  

t a b l e  5 ,  show small mean d i f f e rences .  Only i n  grade A white oak d i d  the 

mean d e v i a t l o ~  exceed two Q. 1. u n i t s .  This devia t ion  amounts t o  some two 

percent  of t h e  d o l l a r  value f o r  t h i s  spec ies .  The maximum d i f f e rences  fo r  

indJvidua1 t r e e s  did not  exceed 7 Q. I .  u n i t s ,  and occurred i n  grade A hard 

maple and grade C s c a r l e t  oak. These d i f f e rences  r ep resen t ,  r e spec t ive ly ,  

9 and 16 percent  of d o l l a r  value.  An approximation of t h e  e r r o r  of es t imate  

ind ica t e s  t h a t  mean indrces  f o r  t h e  combination'of spec ies  commonly occurr ing  

i n  s a l e s  of mountain hardwoods can be ~ r e d i c t e d  wi th in  two Q. 1. u n i t s .  



1/ Table 5.  - -Estimated vs  . a c t u a l  Qual i ty  Index f o r  sample t r ee s -  

G Eard maple 
Eed maple 
Yellow-poplar 
Northern r ed  oak 
Black oak 
S c a r l e t  oak 
Chestnut oak 
White oak 

B Hard maple 
Basswood 
Red maple 
Yellow-poplar 
Northern red  oak 
Black oak 
S c a r l e t  oak 
Whrite oak 
Chestnut oak 

A Hard maple 
Basswood 
Buckeye 
Red maple 
Yellow -poplar  
Black oak 
Northern r ed  oak 
Chestnut oak 
White oak 
S c a r l e t  oak 

1/ Estimated Q. I, i s  based on grading t h e  b u t t  l o g  on ly ,  and - 
assuming a r e g u l a r  dec l ine  of l og  grades i n  upper l ogs .  
Actual  Q, I. 1s based on the  grade of each l o g  i n  t h e  t r e e ,  
and t h e  lumber-grade y i e l d s  f o r  a l og  of t h a t  s i z e  and grade. 



APPLICATION CF TREE GRADES 

One of t h e  prcnc ipa l  reasons f o r  knowing t h e  r e l a t i v e  value of 

t he  var ious  s p e c i e s ,  and e s p e c i a l l y  of s i z e s  and grades wi th in  spec ies  

i s  t o  he lp  t h e  f o r e s t  manager i n  determining which t r e e s  t o  cu t  o r  

l eave*  Although t h e  present  t ree-grading  system does not  incl12de such 

s i l v l c u l t ~ r a l  f a c t o r s  a s  v i g o r ,  growth r a t e ,  o r  r i s k ,  these  elements 

must be given appropr ia te  ccns ide ra t ion  i n  making cut-and-leave determina- 

t i o n s .  We p l an  t o  inccrpora te  some o r  a l l  of t hese  i tems i n t o  t h e  system 

i n  t h e  f u t u r e ,  s ince  it i s  t h e  combination c f  volume and q u a l i t y  increment 

on which t h e  f i n a l  choice should be based. Meanwhile, f o r e s t e r s  and 

o t h e r  t imber managers a r e  i n  a  b e t t e r  p o s i t i o n  t o  choose between spec ies  

because of t h e  f a c t u a l  d a t a  presented here., As an  example, i n  marlring we 

might have t o  choose a  l eave - t r ee  among yellow-poplar,  buckeye, basswood, 

white o r  nor thern  red oak, a l l  of grade A q u a l i t y ,  and 20 inches d.b.h,  

A glance a t  f i g u r e  3 shows t h a t  basswood i s  t h e  most va-luable and buckeye 

the  l e a s t .  But i f  t h e r e  i s  a  choice between red  o r  white oak o r  yellow- 

pop la r ,  note  t h e  r ap id  r i s e  i n  value of t h e  white oak curve beyond 25 

inches .  Consequently, i f  t h e  l eave - t r ee s  a r e  t o  remain f o r  twenty years  

more, and i f  growth r a t e s  a r e  s i m i l a r ,  then t h e  white oak would be the  

b e s t  choice t o  leave ,  The sub jec t  of f i n a n c i a l  ma tu r i t y  w i l l  be discussed 

l a t e r  i n  a  s epa ra t e  publ ica t ion .  

I n  f i g u r e  4 t he  r e l a t i o n s h i p  between grade y i e l d  and d o l l a r  value 

of lumber pe r  t r e e  i s  g raph ica l ly  i l l u s t r a t e d  f o r  s e v e r a l  spec ies .  Here i t  

can be seen a t  a  glance t h a t  spec i e s  d i f f e r ences  a r e  l a rge ,  even f o r  grade 

A and B t r e e s .  Figures  3 and 4 show t h a t  t h e r e  i s  a  g r e a t e r  d i f f e r ence  i n  

value between t h e  most va luable  spec ies  (hard maple) and t h e  l e a s t  va luable  

(buckeye) than t h e r e  i s  between t h e  t r e e  grades f o r  t h e  same spec i e s ,  d ,b .h . ,  

and log  l eng th ,  Consequently, spec ies  remains t h e  most important c r l t e r r o n  

cf  t r e e  value;  grade and s i z e  a r e  t h e  next  most i m ~ o r t a n t  v a r i a b l e s ,  For 

such spec ies  a s  yellow-poplar and red  maple, s i z e  i s  of l e s s  importance than  

grade from t h e  lumber-value s t andpo in t ,  a s  i l l u s t r a t e d  i n  f i g u r e  3. For o t h e r  

spec i e s ,  such a s  white oak i n  p a r t i c u l a r ,  s i z e  i s  of paramount i rnp r t ance .  





An increase  of one log  i n  merchantable he ight  o r  an increase  of 

cne grade i n  q u a l i t y  w i l l  g r e a t l y  s teepen  any new v a l i ~ e  curves s imi l a r  

t o  those  shewn i n  f i g l ~ r e  3. Hence it shculd na t  be assumed t h a t ,  

because a spec ies  has a f l a t  ccrve of u n i t  value over diameter i n  one 

grade,  a l l  t r e e s  of t h a t  grade shculd be cu t  a s  soon a s  they  reach a 

s i z e  which w i l l  o f f s e t  t he  cos t  of production and m a n u f a e t ~ r e .  Only i n  

those  cases  i n  whfch ~o apprec iab le  increase  i n  q d a i i t y  o r  vol-ame i s  

exgected before t h e  next c u t  i s  i t  wise t o  c u t  t o  t h e  minlm7lun s i z e ,  and 

then  only  i f  t h e  s i l v i c u l t u r a l  requirements of spacing and spec ies  com- 

p c s i t i o n  have been met. I n  gene ra l ,  value curves do not f l a t t e n  u n t i l  

t h e  t r e e s  have reached the  fol lowing diameters:  30 inches f o r  grade A, 

25 inches f o r  grade B ,  and 20 t o  25 inches f o r  grade C .  Furthermore, 

p rcduct ion  cos t s  a r e  r e l a t i v e l y  low a t  these diameters-  Thus, ne t  r e t u r n s  

would be  b e t t e r  than  f o r  smal le r  t r e e s ,  Supplemental s t u d i e s  have shown 

t h a t  on ly  very  low r a t e s  of i n t e r e s t  can be earned on t r e e s  over 30 inches 

i n  diameter when held f o r  lumber product ion,  Fu r the r  s tudy  i s  needed f o r  

o t h e r  products such a s  veneer ,  

I n  computing average lumber va lues  f o r  a p p r a i s a l  purposes,  t h e  

average t r e e  diameter and merchantable he ight  f o r  each grade wi th in  t h e  

spec i e s  i s  f i r s t  determined. Then the  appropr ia te  Q. I .  value i s  determsned 

from t a b l e  3 f o r  each t r e e  grade and spec ies  by interpo;at ion o r  curving,  

Next t h e  u n i t  value i s  obtained by applying the  cu r r en t  p r l c e  of FAS t o  t h e  

Q. I. value .  The next s t e p  i s  t o  mul t ip ly  t h e  r e s ~ e e t i v e  vaiues per M.b+f ,  

by t h e  volume i n  t h a t  t r e e  grade ,  and then determine t h e  weighted lumber 

value f o r  a l l  t r e e  grades f o r  t h a t  specxes. Any des i red  spec ies  combina- 

t i o n s  can then be made, and weighted averages can r e a d i l y  be computed, 

An example of the value of t r e e  grading i n  t--mber a p p r a i s a l  work 

comes from a recent  s a l e  of  approximately 1 - ~ , ' 2  m i l l i o n  f e e t  of mostly 

h igh -qua l i t y  t r e e s ,  These t r e e s  appraised one- th i rd  more when graded than 

when appraised a t  the  usua l  average va lue ,  Actual  bzds supported the  

grade -appraised p r i c e .  

Using t h e  forego:cg system and the  d a t a  provided I n  t h l s  paFer,  w i t '  

l o c a l  adjustments where necessary,  i t  i s  bel ieved t h a t  one f m i i f a r  with 

t imber  c r u l s l n g  and a p p r a i s a l  methcds can ~ o n s i d e r a b ~ y  increase  t h e  accuracy 

of h i s  a p p r a i s a l  of  thc  value of a t r e e  o r  a s tand ,  



GRADE A TREES 
BASS- BUCK- HARD NOR. WHITE CHEST: YELLOW 
WOOD EYE MAPLE RED OAK OAK POPLAR 

OAK 

GRADE B TREES 

L E G E N D  
F A S  

& SAPS OR n 3 " & 3 ~ [  DOLLAR 
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Figure 4 . - - ~ r e e  yields and values f o r  se lected species,  2-log, 25-inch d.b.h. 
t r e e s ,  A l l  values a re  or, the  per- t ree  bas i s ,  



APPENDIX 

Lmber  y i e l d s  for t r e e s  by  t r e e  grade and s l z e  

Ash, basswood 

Black ( sweet )  birch,  buckeye 

Hickory 

Hard maple, s o f t  maple 

Black, s c a r l e t  oak 

Northern red ,  ches tnu t  oak 

White oak, ye l low-poplar 

Table PJ-mber 



Table A-1.--Lumber yields f o r  t rees  by t r ee  grade and s ize  
( In  percent) 

2-ZOG TREES 

3-LOG TREES 



Table A-2.--Lumber yields for trees by tree grade and size 
(In percent) 

2-LOG TREES 

3-LOG TREES 



Table A-3. --Lumber yields for  trees by t ree grade and size 
(In percent) 

Hickory 

2-LOG TREES 

Tree 
grade 

D.b.h. 
(Inches ) F& Curved 

Q.1. 
16 & 
btr. 2C 3C 



Table A-5.--Lumber yields for t rees  by t ree  grade and s ize  
( I n  percent) 

1-LOG TREES 

P 

2-LOG TREES 

Black oak 

- - 

3-LOG TREES 

Scarlet  oak 



Table A-4.--~utlber yields f o r  trees by t ree  grade and size 
( In  percent) 

2-LOG TREES 

3-LOG TREES 



Table A-6.--Lumber yields for  trees by tree grade and s i z e  
( I n  percent) 

1-LOG TREES 

2-LOG TREES 

3-LOG TREES 
-- 



Table A-7.--Lumber yields for trees by tree grade and size 
(In percent) 

- 

White oak Yellow -poplar 

1-LOG TREES 4-LOG TREES 

2-LOG TREES 

3-LOG TREES 

Agriculture-Asheville 




