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T HIS fS OSE of a series of papers designed to help the forester 
estimate the value of timber stands. W e  call these papers SETS - 

Stand E'r7altlation Tc)oI\. The first three papmi are being p~~b'iished 
concrirrentty, They are: 

SETS 1, AX I\DI\'IGY41,-TREE 4PPROATII T O  X14RIYC STAVD E t r A L V -  

ATTONS (CSD-4 Forest- Sert ice Research Paper NE-3361. which describes 
a metl~od for rrsirlg indivicirral tree values to make stand evalrrations. 

SETS IT. TREE VALUE COW ERSIOV STAYDARDS FOR I-IARD'~\~OOD SAW- 

TIX.IRER (VSDil. Forest Service Research Paper XE-337), which provides 
values for individual \awtimber trees. 

SETS 111, CO%~POSITE \OLT_'ZfE AYD \, ZLCE TjRLES FOR IIARDXXvr;OOD 

PULP\TrOOD I 'C'SDA Forest Ser'r~ice Research Paper YE-3381, which pro- 
vides values for irrdit7idual grotving-stock trees. 
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FOREWORD 
In the past it has been customary to base estimates of probable profits 

from the management of lands for the future production of timber in 
the United States u on the increase of the timber in quantiv. Everyone 
familiar with the Pumber business knows, however, that the lumber 
which comes out of large trees is worth more per thousand feet than 
that which comes from small trees, because the large trees turn out a 
higher proportion of the choice grades. It is apparent that estimates of 
profits through careful forest management should take into account this 
factor of quality increase; but, in the absence of an accurate determina- 
tion of what this quality increase is, it has hitherto been impossible to 
do more than state in general terns the fact that such an increase wollld 
take place and that its effect would be to make the profit from deferred 
operations greater than that actually shown by the figures indicating 
the future yield to be ex ected. 

- ~ d w a r B ~ .  Braniff in the 1904 Yearbook of Agriculture 

ABSTRACT 
Tree quatity index tables are presented for 12 important hardwood 

species of the oak-hickory forest. From these, tree value conversion 
standards are developed for each species, log grade, merchantable height, 
and diameter at breast height. The method of calculating tree value con- 
version standards and adapting them to different conditions is explained. 
A computer program for calculating tree values for different lumber 
values and conversion costs is included, 



Figure t .  -- Calculafion of free value conversion sfandards 
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INTRODUCTION 

I N RECENT YEARS the USDA Forest 
Service has published a series of papers 

that  deal with the rates of value increase for 
most of the important hardwood species (see 
References). An important part  of these com- 
putations is a system for generating indi- 
vidual values for sawtimber trees. The system 
and the values both have a lot of potential 
uses for evaluating timber stands and their 
development. And so, in this paper we: a )  
describe fully the value system, b) present 
a set of samtimber tree values, c) show how 
the values can be applied, and d )  describe a 
computer program for generating tree vol- 
umes and tree value conversion standards. 
In  doing so, our aim is to provide researchers 
and practitioners with a means for making 
rigorous timber evaluations. 

To further that aim, we are publishing 
concurrently two other papers - COMPOSITE 
VOLUME AND VALUE TABLES FOR HARDWOOD 

PULPWOOD and AN INDIVIDUAL-TREE APPROACH 
TO MAKING STAND EVALUATIONS. These three 
papers combined make a useful set of work- 
ing tools. 

TREE VALUE 
CONVERSION STANDARDS. . . 
What They Are 

Tree value conversion standards (TVCS) 
are a measure of a tree's worth in dollars, 
based on the quantity and quality of its ex- 
pected yield of 4 '4 (1-inch) lumber. They 
are standards, not in the sense that they are 
fixed and absolute values, but in the sense 
that they are criteria for gaging tree value 
within a given frame~vork of circumstances. 

In the following section we describe the 
system that we used to generate the tree value 

conversion standards included in this publi- 
cation. We also define the circumstances in 
which those standards fit. 

In general, the inputs were regional, and 
the resulting standards may be applied re- 
gionally. But local differences may occur 
within a region, and changes may take place 
throughout a region over a period of time. 
Thus you may want to develop local value 
standards of your own or adjust our regional 
ones. 

How They Were Calculated 

We used the quality index (Q.I.) approach 
to calculating tree value conversion standards 
(He?*riefc 1956). This approach was a series 
of index values to calculate the net value of 
the 4/4 lumber that can be sawed from the 
tree's logs. The process is shown in figure 1. 

We developed Q.I.'s for individual logs, by 
species, log grade, and log diameter, using 
the formula : 

Log Q.I.=( rjc FAS x P.R.p,zs) + 
( % SEL x P.R.sE1,) 

+ ( r j t  #lCxP.R.$lc) + . . . 
+ (Cjo #3BxP.It.lf'3U). 

The percentages are the proportion of a 
log's lumber that  would meet the specifica- 
tions for each lumber grade. We obtained 
this information by hand-curving data from 
HARDWOOD LUMBER GRADES FOR STANDARD 
LUMBER (Vazcghn et  at. 1966). 

The P.R.'s are price relatives or price in- 
dexes that express the price of each lumber 
grade as a proportion of that  of No. 1 Corn- 
mon (table 1 ) . The price relatives given here 
are based on the average prices of 4/4 plain- 
sawed No. 1 Comnlon lumber of each species 
over the 5-year period 1964 through 1968, 
f.0.b. mills in the Johnson City, Tennessee 
area, as reported in HARDWOOD MARKET RE- 
PORT (Lemskg 2964-68).  



Table I .  - Lumber Price relafives 

Lumber Grade 

Species FAS SEL SAPS IC  2B 3A 3B 2C 
2.4. 

iq'hite ash 
Beech 
BIack cherry 
Elm 
Hickory 
Red maple 
Sugar maple 
Black oak& 
Chestnut oaks 
Red oak 
White oak 
Yellow-poplar 

Prices for chestnut oak and black oak were not available. Because lumber of these species is intermixed 
with white oak and red oak respectively, prices of the latter species were used to calculate the price relatives. 

We developed tree &.I.% for a sample of 
trees, using the formula : 

Tree &.I. = ( $L of tree volume in 1st log 
x Q - I o ~ s t  l o g )  

+ ( 70 of tree volume in 2nd log x Q.I.and log) 

+. . . + ( Cjc of tree volume in nth log x 
Q.I.rtth l o g )  

The percentage of tree volume in each log 
is based on a tree volume table, which pro- 
vides the volume of each log in a tree of given 
size as well as the volume for the entire mer- 
chantable height of the tree (International 
%-inch log rule). 

The log Q.I.'s are those that we developed 
in the previous step. To apply them, we used 
a hardwood taper table, which provided the 
diameter inside bark a t  the small end of each 
log. 

After developing a quality index for each 
of our sample trees, we used regression analy- 
sis to develop tree quality indexes for each 
spwies, by butt-log grade, dbh, and merchant- 
able height. The regression equations and 
quality index values are given in appendix A. 

RTe then converted these tree quality in- 
dexes to gross treg values per thousand board 
feet. To do so we multiplied each T.Q.I. by 
the 1972 price of No. 1 Comrnon 4 '4 lumber 
for each species (table 2 ) .  The year 19'72 
was selected because it reflects a period of 

relative stability in the economy. Prices since 
that time have been distorted by inflation and 
recession. 

We then converted gross tree values per 
thousand to net tree values per thousand by 
subtracting conversion cost - the cost of 
converting standing timber into 4/4 lumber. 
I t  includes the costs of labor and materials 
used in felling and bucking the trees, skid- 
ding and loading, other logging costs, trans- 
portation, and milling. In this study we used 

Table 2. - Price of No. I Common 
4/4-inch lumber, January I, 1972" 

Species Price per Mfbm 

Eh i t e  ash 
Beech 
Black cherry 
Elm 
Hickory 
Red maple 
Sugar maple 
Black oak11 
Chestnut oakt) 
Red oak 
White oak 
Yellow-poplar 

SPrices from Hardwood Market Report for 414 
plain-sawed No. 1 Common lumber, f.0.b. mills in the 
Johnson City, Tennessee area. 

"Prices for chestnut oak and black oak were not 
available. Because lumbzr of these species is inter- 
mixed with white oak and red oak respectively, prices 
of the latter species were used. 



an average conversion cost of $10 per thou- 
sand for 16-inch trees (table 52). 

Finally, we calculated tree value conver- 
sion standards by multiplying net tree r~alues 
per thousand by appropride tree volumes. 
We include in appendix A tree value eonver- 
sion standards by species, butt-log grade, dbh 
and merchantable height, computed from the 
lumber prices in table 2 and a conversion 
cost estimated a t  $70. 

How TVCS's Differ From Stumpage Values 

Our tree value conversion standards are 
not stumpage values : There are some impor- 
tant differences between the two. 

The customary method of estimating 
stumpage value begins with the expected sell- 
ing price of the product or products that are 
to be made from the timber. From it is sub- 
tracted the estimated cost of converting the 
timber into those products. The difference is 
termed a conversion return. And from it is 
subtracted an allowance for the operator's 
profit and risk. The final difference, the resi- 
due, is the stumpage value of the timber. 

Our tree value conversion standards are 
conversion returns only - one step short of 
stumpage values. We have ref rained f ram 
taking that step because profit and risk are 
somewhat arbitrary, and often highly per- 
sonal matters. 

In computing our tree value conversion 
standards, we have limited ourselves to a 
single product - 414 lumber. Also, we have 
used given yields by lumber grade, given 
lumber prices, and only one level of conver- 
sion costs. Our tree value conversion stand- 
ards are, therefore, estimates of conversion 
return under a single, specified set of condi- 
tions and they must be recognized as such. 
They are not estimates of conversion return 
from any particular logging chance. And, 
since they contain no allowance for profit and 
risk, they are not stumpage values. 

Our tree value conversion stal~dards can, 

ments, you might use the TVCS's to estimate 
your own stumpage values by subtracting an 
appropriate allowance for profit and risk, 

Adopting TVCS To LocoI Conditions 

Our tree value conversion standards are 
suitable for regional use and for estimating 
broad value relationships. But they can also 
be adapted more closely to local conditions. 

Najor adjustments are needed where prod- 
uct yields or product values differ greatly 
from the ones we used in deriving our tree 
quality indexes. Such cases include local 
areas where mills a. have different mixes of 
lumber grade recovery, b. turn part of their 
output into products other than grade lumber, 
or c, sell their grade lumber a t  price mixes 
other than those we used to derive the price 
relatives. In such cases we suggest that tree 
value conversion standards be calculated to 
fit local or specific circumstances, This can be 
done by the procedure we outlined for eal- 
culating TVCS. 

Minor adjustments are needed where our 
tree quality indexes are suitable, but No. 1 
Common lumber prices, conversion costs, or 
volume measures differ from those we used. 

The price of No. 1 Common lumber fluc- 
tuates, sometimes for a particular species, 
sometimes for all species. I t  may differ from 
one locality to another, and i t  may vary from 
time to time. Conversion costs differ from one 
logging chance to another for any given 
operator. So can mill log and lumber overrun 
and underrun. These kinds of fluctuations and 
variations are common and it is reasonable 
to expect them. So we should be able to adjust 
tree conversion balue standards to fit them. 

Although such adjustments can be made 
most efficiently by computer, they can, if 
necessary, be made with a desk calculator. 
Either way, they must be made one species 
a t  a time; they should be made by log grade, 
merchantable height, and dbh ; and they can 
be rnade using the formula 

however, be adjusted to fit many local condi- TVCS == [ (TQI x P-IIIC) - CC] (TV) 
tions, such as lumber prices, lumber-grade where 
recovery, logging chance, operator efficiency, TQI = tree quality index 
etc. We will show how this is done in the P # l C  = price of No. I Common per 
next section. After making the needed adjust- 3ff bm 



GC = conversion cost per nilSam inventories, much as  volume standards are. 
and TV = tree volume in Mfbm The mechanics are simple, using either 
This formula consolidates some of the steps TVCS that are to 
that  we used in deriving our TVCS values. Or TVCS that are 'Om- 

The term TQI p # 1 ~  a tree's parable to volume equations* Such a ~ ~ l i c a -  

gross lumber Value per Mfbm. That term tions add a new dimension to inventory work 

minus CC represel~ts the tree's net lumber by allotving stock tables, per-acre estimates, 

value per Nfbm. stand summaries, etc. to be expressed in 

To facilitate making adjustments with a dollars as well as  board feet. 

desk calculator, x7e have included in appendix TVCS summaries add much meaning to 

A a complete set of TQI values, a representa- inventories, reflecting timber quality as well 

tive set of conversion costs, and a composite as quantity. They can be provided simply by 

board-foot volume table (International s- adding value standard calculations to the 

inch rule). To adjust a tree's TVCS for differ- normal calculations of board-foot volumes. 

ent prices of No. I Common lumber or conver- The other ingredients - species, dbh, mer- 

sion costs, we need only to insert the tree's chantable height, and butt-log grade - are 

TQI and TV values into the formula given usually included in field tallies. 

above, substitute the appropriate P # l C  and There are other possible advantages of 

CC values and solve the resulting equation. including value summaries in inventory sys- 

To adjust for overrun or underrun we need, tems. One is the ease of making value projec- 

simply, to expand or reduce the tree's value tions for timber stands, which opens new 

conversion standard by the percentage of avenues for evaluating timber management 

overrun or underrun. And, if we need to make alternatives. An application of such an eval- 

adjustments, we can make them by 2-inch uation is discussed and illustrated in the 

diameter classes and interpolate between the Companion paper AN INDIVIDUAL-TREE AP- 

classes. PROACH TO MAKING STAND EVALUATIONS 

To facilitate rnaking adjustments with a (DeBald am? Mendel 2976b) .  

computer, we have included a Fortran IV 
program in appendix B. This program cal- SUMMARY 
culates for each sawtimber tree the TQI, v01- Value is a neglected dimension in timber 
ume, and T'JCS, giving the riser the option inventories. There are few prescribed meth- 
of substituting ~ u r r e n t  prices of KO. 1 Corn- ods of it. Guidelines are few, in- 
m0n lumber and Conver~ion Costs to suit his definite, and often sketchily narrative in form. 
own situation.   he program may be used as Our presentation of value standards and the 
presented summarize the and method by which they are constructed should 
TVCS the sawtimber component of a overcome these obstacles and encourage others 
particular stand; or the user may wish to to delve deeper into timber valuation. 
incorporate the basic set of equations for ~ h ,  tree value standards are 
volume, TQI, and TVCS into his existing presented in t-0 forms that  are familiar to  
inventory system. The Program listing with a11 timber estimators : in table format 
User instructions and examples is given in and in volume equation form. ~h~~ they 
appendix It. should pose no problem to a potential user. 

Their resemblance to volume standards is 
How To Use TVCS not entirely coincidental. I t  is an expression 

As noted earlier, we developed our tree of the partial dependence of value on volume. 
value conversion standards to calculate the By using value standards we are merely in- 
rates of value increase and financial maturity troducing a pricing mechanism into the 
diameters for various hardwood species. timber-estimating procedure to produce an 
But TVCS can be put to work in other ways. estimate of value based on both the volume 

Value standards can be applied to forest and quality of the tree. 



The availability of value standards and 
the possibility. of altering them to fit local 
conditions should encourage the reporting 
of forestry investigations in terms of value 
as well as volume. Only dbh, merchantable 
height, and butt-log grade must be measured 
or estimated. These measurements are al- 
ready required for most timber inventories, 
so the standards present an  opportunity to 
enhance the results of forestry investigations 
without any appreciable inerease in cost. 

Beers. T. W. 
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APPENDIX A 

Table 3.- Regression coefficienfs used fo  derive tree qualify 
index (TQl) values 

Species 
Butt-log Regression coefficient 

grade" b, b, b2 

White ash 

Beech 

Black cherry 

Elm 

Hickory 

Red maple 

Sugar maple 

Black oak 

Chestnut oak 

Red oak 

White oak 

Yellow-poplar 

where: TQI=bii+bl (dbh) +b2 (merch. height). 
a For trees with a butt-log grade below 3, we assigned a TQI value of 0.400, a nominal value correspond- 

ing to the price relative for lumber grade 3B. Lumbar grade yields were not available for such logs. We 
also Iabelled them "grade 4". In the hardwood log-grading classification such logs are  identified as tie and 
timber or construction logs. This, in part, explains wily the TQI value is constant for all trees with butt-log 
"grade 4" regardless of species, dbh, or length. 
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Table 52.-Conversion c0st.s for hardwood frees 

Dbh Cost per M board feet 

(inches) $60.00 Ievel $70.00 level $80.00 level 



Table 53.-Gross volume in board fee+ 
(I niernafiona l y4-inch rule) 

Dbh Merchantable height in feet 
(inches) 

8 16 24 32 40 4 8 5 6 64 

Source: Composite volume tables for timber and their application in the Lake States, by S. R. Gevorkiantz 
and L. P. Olsen. USDA Tech. Bull. 1104, 1955. 



APPENDIX B 
COMPUTER PROGRAM 

Tree value conversion standards may be 
computed or adjusted very easily by com- 
puter using the program given here. This 
program, written in Fortran IV, was de~e l -  
oped primarily for simplicity of use. I t  is 
quite flexible in that ( I )  you can punch the 
data deck in any format you want and use 
any two-digit species code; (2) you have the 
option of using whatever conversion. costs 
and lumber prices best suit your particular 
conditions; and ( 3 )  you have a variety of 
options for different printouts. 

The program was tested on an IRM 370/ 
158; however, i t  should work on most com- 
puters that accept standard Fortran. The 
Job Control Language (JCL) cards are  not 
listed here with the program because they 
differ for different computer installations. 
Complete instructions for the user are in- 
cluded as comment cards. 

The program was tested with data from 
a 1-acre sawtimber stand of upland oak in 
southeastern Ohio. Figures 2 through 8 il- 
lustrate the type of computer output one 
would get if he ordered the cor~version value 
of sawtimber printed by species, grade, and 
dbh class, This information is given in figure 
6. Figures 4 and 5 follow the same general 
form;  Figure 4 gives the number of saw- 
timber trees while Figure 5 illustrates the 
board-foot volume. 

Figure 7 illustrates the form of summary 
that  can be printed when the user requests it. 
This is a summary over all dbh classes of the 
number of trees, board-foot volume, and con- 
version value by grade and species. Figure 
8 is similar except that the summary is over 
all species and shows the same type of infor- 
mation by 2-inch diameter classes. 

Figure 2 illtlstrates part  of the listing of 
individual sawtimber trees from our 1-acre 
test stand. For each sawtimber tree in the 
stand, i t  shows both measured and computed 
information, such as TQI, board-foot t-olume, 
and TVCS. The user may suppress the print- 
ing of this list if he so desires. 

Figure 3 shows the list of individual trees 

AND DOCUMENTATION 

in the test stand that  did not qualify for 
inclusion in the sawtimber list. There are four 
reasons why individual trees may appear on 
this list: (1) tree diameter is less than saw- 
timber size (11.0 inches dbh) ; (2) no mer- 
chantable height is recorded for the tree or 
its merchantable height exceeds 96 feet, 
which may indicate a recording error;  (3) 
no log grade is assigned to the tree or i t  is 
not one of the standard log grades 1, 2, or 3 ;  
or (4) the tree species is not one of the 12 
species for which we have developed tree 
value conversion standards. This listing of 
excltlded trees could be useful in editing the 
data for possible punching or recording 
errors. Printing of this list may also be sup- 
pressed i f  the user so desires. 

There is one minor discrepancy between 
the values one obtains with the computer 
and those given by the desk calculator and 
table. This is because different methods were 
used to determine the board-foot volume of 
the trees. With the desk calculator, board- 
foot volume is determined by 1-inch dbh 
classes and 8-foot log classes, using the corn- 
posite gross volume table (International y&- 
inch rule) by Gevorkiantz and Olsen (1955). 
In  the computer program we use a volume 
equation derived by Beers (1964). The equa- 
tion is more flexible and better suited to com- 
puter computations, and i t  has the added 
advantage that dbh may be specified to the 
nearest 0.1 inch, rather than to the nearest 
inch. In his paper Beers discusses the size 
of the differences between the volumes in 
the original table and those given by his 
equation. 

TQI values and conversion costs are also 
computed to the nearest 0.1 inch dbh rather 
than by 1-inch classes as they were in the 
tables. 

As part of our test, we compared board- 
foot volume and tree value conversion esti- 
mates given by the desk calculator with those 
given by the computer program, using data 
from the 1-acre test stand. Total board-foot 
volume of sawtimber, using the composite 



table, was 11,147 board feet, compared to total stand volumes and value conversions 
11,124 board feet by q u a t i o n ;  a difference obtained by the t ~ o  methods are very elose, 
of only 0.2 percent. The desk calculator and XOTE: The program reproduced here i s  
table gat7e a total tree value conversion of available on punched cards from the authors. 
$442.21, compared to $440.97 for the corn- Address requests to Project 4202, Northeast- 
puter program ; a difference of $1.24 which ern Forest Experiment Station, P.O. Box 365, 
is 0.3 percent. Estimates for individual trees Delaware, Ohio 43015. 
wiff differ more, of course, but generally the 
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Headquarters af the Northeastern Forest Experiment Station 
are in Upper Darby, Pa. Field laboratories and research units 
are maintained at: 

Amherst, Massachusetts, in cooperation with the University 
of Massachusetts. 

Beltsville, Maryland, 
@ Berea, Kentucky, in cooperation with Berea College. 
@ Burlington, Vermont, in cooperation with the University of 

Vermont. 
Delaware, Ohio. 

0 Durham, New Hampshire, in cooperation with the University 
of New Hampshire. 

@ Hamden, Connecticut, in cooperation with Yale University. 
Kingston, Pennsylvania. 
Morgantown, West Virginia, in cooperation with West Vir- 
ginia University, Morgantown. 
Orono, Maine, in cooperation with the University of Maine, 
Orono. 

@ Parsons, West  Virginia. 
1 0 Pennington, New Jersey. 

Princeton, West Virginia. 
Syracuse, New York, in cooperation with the State University 
of New York College of Environmental Sciences and Forest- 
ry at Syracuse University, Syracuse. 

@ Warren, Pennsylvania. 




