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THE PROBLEM 

Young red oak-white oak stands2 i n  the  Anthracite Forest R e g b  
of Pennsylvania occupy nearly 3/4 mi l l ion  acres  of land (fig. 1) .  A t  
present  they a r e  a source of lagging, forepoles,  and small props used 

0 i n  the  coal  mines. Under good cu t t i ng  pract ice ,  a subs t an t i a l  quant i ty  
of these  mine timbers could be produced by thinning these  stands, which 
would at  t he  same time bui ld  them up so they could produce more and 
b e t t e r  timber. 

$his study was  made i n  cooperation with t he  Lehigh Coal and 
Navigation Company, which permitted t he  use of a por t ion of i t s  f o r e s t  
land i n  Carbon County, Pa. 

*skedling and sapl ing stands t h a t  have l e s s  than 5 standard 
cords (about 10  tons) o f  wood per  ac re  i n  t r e e s  i n  t he  4-inch diameter 
c lass  and l a rger .  ( ~ i a m e t e r  i s  measured 49 f e e t  above t he  ground, 
ca l l ed  diameter breas t  height, o r  d. b. h. ) 



Figure 1.--Young oak s tands  occupy 3/4 m i l l i o n  a c r e s  
i n  t h e  Anthrac i te  Region. 

The usual  method o f  opera t ion ,  however, i s  t o  c u t  every th ing  t h a t  
i s  s a l a b l e .  Normally, t r e e s  down t o  a 2-inch diameter-breast-high limit 
a r e  removed. I n f e r i o r  species--gray b i rch ,  s a s s a f r a s ,  and p i n  cherry-- 
a r e  not  gene ra l ly  c u t  ( f i g .  2), and because of t h e i r  a b i l i t y  t o  reproduce 
r e a d i l y  t hey  soon t ake  over  t h e  s i t e .  On many a r e a s  f i r e  fo l lows  i n  t h e  
heavy s l a sh ings  c r e a t e d  by ove rcu t t i ng ,  and of ten t imes  t h e  s i t e  i s  so 
dep le t ed  t h a t  sc rub  oak becomes t h e  dominant spec i e s .  It then  may t ake  
more t h a n  50 yea r s  f o r  t h e  i n i t i a l  commercial spec i e s  t o  make a s a t i s f a c -  
t o r y  replacement, un less  expensive r e s t o r a t i o n  measures a r e  r e s o r t e d  t o .  
Thousands of  a c r e s  r e v e r t  annual ly  t o  t h i s  d e t e r i o r a t e d  s t a t e .  

I n  1943, l o c a l  landowners i n  t h e  Anthrac i te  Region received n e a r l y  
'%2,000,0003 f o r  t r e e s  removed from t h e i r  woodlands f o r  mining use. Yet, 
t o  fill t h e  demands of t h e  mining indus t ry ,  a f o u r t h  of t h e  mine boards 
and a smal l  p o r t i o n  of t h e  m i r  e r s ,  p r inc ipa  r g e r  s i z e s  used i n  
gangways, had t o  be imported 1 j acent  count i  from o t h e r  S t a t e s .  

, l l y  l a  
.es and 

3 ~ n e s o n ,  Frank A . ,  and Fer ree ,  Miles J .  The Anthrac i te  Fo---& 
Region--a problem area,. U. S. Dept. Agr Misc. Pub. 648. '71 P 
i l l u s .  '?ashington, D.  C . 1948. @ 



Figure 2.--A young stand a f t e r  a t yp i ca l  mine-timber 
cut t ing.  A l l  t h e  sa lable  t r ee s  have been 
cu t ,  and nothing remains except the  infe-  
r i o r  species: sassafras , 'gray birch, and 
p in  cherry. 

Better  cu t t i ng  pract ices  a r e  needed i f  t he  l oca l  f o r e s t s  a r e  t o  
contribute t h e i r  full share t o  the  region's  economy. Data obtained from 
the  present study ind ica te  t h a t  young oak fo r e s t s  can be thinned f o r  
small mine timbers a t  a p r o f i t  while building Ehem up f o r  large  mine 
timbers and high-grade sawlogs. 

GETTING THE FACTS 

Four 3-acre p lo t s  were l a i d  out  i n  194'7 i n  a t yp ' c a l  30-year-old, 
second-growth red oak-nhite oak stand averaging 20 tonst per  acre  on lands 
of the  Lehigh Coal and Navigation Compary i n  Carbon County, Pa. The 
stand included white oak, red oak, s c a r l e t  oak, red maple, sassafras ,  gray 

b In  t r e e s  2 inches d.b.h. and la rger .  One ton here i s  equivalent t o  
an average so l i d  content of 34 cubic f e e t  or  about $ cord. 



of  t r e  
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! red  th :  

b i r ch ,  p i n  cher ry ,  and serv iceber ry .  These t r e e s  ranged most ly betveen 
3 and 5 inches d.b.h, and 1 5  t o  20 f e e t  i n  he ight .  Approximately ha l f  of 
t h e  t r e e s  were single-stemmed and of  s eed l ing  o r i  ' 9 few l a r g e r  t r e e s  
l e f t  from previous c u t t i n g  opera t ions  ve re  s c a t t e  ,he s tand .  

Three of t h e ' p l o t s  v1ere p a r t i a l l y  c u t ;  22, nd 65 percent  of t h e  
volume vras removed. The f o u r t h  was c l ea r - cu t  i n  accoraance wi th  l o c a l  
p r a c t i c e .  The p a r t i a l  c u t t i n g s  were i n  t h e  na tu re  of t h inn ing  and i m -  
provement opera t ions ,  removing t h e  poorer  t r e e s  and r e se rv ing  t h e  b e t t e r  
ones. The t r e e s  and tonnage inven to r i ed  and marked f o r  c u t t i n g  a r e  shown 
on a per-acre b a s i s  i n  t a b l e  1. The number of t r  r e  
were reasonably uniform among t h e  c u t t i n g  a r e a s .  

a 
Tab1 Number e s  and tons  pe r  acri 

by degree of  c u t t i n g  

rough t 

I n t e n s i t y  

of 1 
c u t t i n g  
(pe rcen t )  

d tons  
- 
pe r  ac  

2 2 894 201 693 2 2 5 17  
40 987 485 502 1 9  8 11 

3 911 572 339 17  11 6 
991 863 128 2 3 22 1 

'percent of o r i g i n a l  tonnage. 

2 ~ o n s i d e r e d  c lear -cu t  f o r  a l l  p r a c t i c a l  purposes.  
a 

Two men i n  t h e  mine-prop bus iness  con t r ac t ed  t o  do t h e  c u t t i n g . .  
S ince  they  lacked  experience i n  c u t t i n g  select ively-marked young oak 
t imber ,  they  mere unce r t a in  of  t h e  p r i c e  t hey  could a f f o r d  t o  pay t h e  
landowner f o r  t h e  s t and ing  t r e e s  marked f o r  c u t t i n g .  A f l a t  r a t e  of 
$0.28 p e r  t o n  was agreed upon, on t h e  presumption t h a t  a t  t h i s  r a t e  t hey  
would ma'ce a  f a i r  p r o f i t  from t h e  e n t i r e  job, The stumpage r a t e  t h a t  
could have been p a i d  f o r  each degree of c u t t i n g  mas computed when t h e  job 
was aompleted. 

a 
4 

Trees pe r  a c r e  

- - 

Tons p e r  a c r e  

Before Af t e r  Cut Before A f t e r  Cut 



The o ~ e r a t i o n  v!as handled on a s t r i c t l y  commercial ba s i s ,  Trees 
designated fo r  removal were marked and the  operators nere asked t o  u t i -  
l i z e  a l l  portions of f e l l e d  t r e e s  having a s a l e  value as  mine timber, 
and t o  exercise reasonable care  on t he  p a r t i a l l y  cu t  areas t o  avoid dam- 
age t o  the remaining t r e e s  

The wage r a t e  of each partner was $1.00 per  hour. They employed 
two laborers  a t  $0.75 per  hour. The four men worked together a s  one crew. 

Double-bit axes  and 2-man crosscut saws were used f o r  f e l l i n g  and 

a bucking. Usually three  men prepared the  products and one man drayed 
them t o  the  roadside with a l&-ton truck, but a t  times a l l  four engaged 
i n  f e l l i ng ,  limbing, bucking, o r  draying. Since the  timbers were small 
enough fo r  one o r  two men t o  handle ( f i g .  3 ) ,  skidways o r  landing decks 
were nnnecessary. 

Figure 3.--Mine props, lagging, and forepoles p i l ed  
along roadside ready f o r  del ivery t o  the  
coal  mines. 

Only one p lo t  was cut  a t  a time, Man-hour and production records 

a were kept separate ly  f o r  each. A l l  a c t i v i t i e s  were grouped i n t o  two major 
categories,  namely, f elling-bucking-draying and misceUaneous ( t ab le  2 ) .  



Table 2.--I'roduction and l a b a r  requirements ,  by degree of c u t t i n  

I 
Thinning c u t ,  i n  pe rcen t  

Clear-  Item c u t t i n p  
! 65 1 
I - 22 1 

1 
I 

! c u t  p e r  a c r e  ......... tor is . .  21.86 11.32 7  fl 4.94 1 
I , Cut p e r  man-day . . . , . . t ons . .  1 . 7 4  1 .73  1.L9 1 .44  ; 

Area c u t  per  man-day. . a c r e s . .  08 -15  .19 .29 1 , 
I ' I 

LABOR REQUIREFENTS 

Nan-- l ? ?  r i  L A - L L  -- 
hours hours hours hours 

F e l l i n g ,  bucking, draying:  
Pe r  t on  3.86 3.88 4.47 4b 73 
Pe r  ac rp  &I.+. 33 44.00 34.66 23.33 

1 
Miscellaneous: 

Per  t o n  
Per. a c r e  

T o t a l  l abor :  
P c 
PC 

?r t o n  

1 
Inc ludes  lv,U,,,g. temporary road c l a r i n g ,  r e s t s ,  smoking, t o o l  

sharpening, and maintena o t h e r  equipment. 

These records  show t h a t  t h e  man-hour requirements per t o n  were p r a c t i c a l l y  
i d e n t i c a l  f o r  c l ea r - cu t t i ng  and f o r  t h e  65-percent c u t  (4.60 and 4 -61 ) ,  bu t  

- 

I 

i nc reased  s u b s t a n t i a l l y  f o r  the  lower i n t e n s i t i e s  of c u t t i n g .  

The c u t t e r s  rece ived  a n  average p r i c e  of $5.15 p e r  t o n  f o r  t h e  prod- 
u c t s  a t  roads ide .  This  i s  based on '$5.25 and $5.00 p e r  t o n  rece ived  f o r  
mine t imbers ,  and 53.75 pe r  t o n  f o r  some f u e l  vrood. The ope ra t ing  c o s t s ,  
r e tu rns ,  and computed stumpage by degree of c u t t i n g  a r e  shown i n  t a b l e  3. 
These d a t a  show: a 



Table 3.--costs ,  r e t u r n s ,  and computed stumpape per  t on ,  

by d e ~ r e e  of c u t t i n g  

Thinning c u t ,  i n  percent  of 
Clear- o r i g i n a l  s tand  removed 

I tem c u t t i n g  
65 1 40 1 22 

Pbr A Pfi Pih 4 fd 4 
S e l l i n g  p r i c e  $5.15 35-15 
Operat ing c o s t s  4.18 4.25 4.93 
Gross r e t u r n  ,97 & l a l o  .90ro410 , 221d70  ,060. 
Margin f o r  p r o f i t  and r i s k  .42 .42 4.75 .22 
Computed stumpage2 .55 ( r p o  . 48  :.+3 (2.1) 

1 I 

' ~ n c l u d e s  wages, insurance ,  s o c i a l  s e c u r i t y ,  compensation, and 
t r u c k  f u e l .  

2~omputed stumpage = s e l l i n g  p r i c e  - a - ( o p e r a t u g  c o s t s  + 10  per-, 
c en t  f o r  p r o f i t  and r i s k ) .  

'unable t o  pay stumpage. 

(1)  That by c l ea r - cu t t i ng ,  gro6TrCtGrns above o p e r a t i n g c o s t s  - 
were 97 cen t s  p e r  ton .  Allowing t h e  ope ra to r  42 c e n t s  p e r  t o n  a s  margin 
f o r  p r o f i t  and r i s k  (10 percent  of ope ra t ing  c o s t s ) ,  l e aves  55 c e n t s  
a v a i l a b  e  f o r  stumpage. The growing s tock ,  holxever, was completely 
des t roy  d, wi th  l i t t l e  prospec t  f o r  f u r t h e r  income t o  t h e  landowner f o r  
a t  l e a s  1 30 years .  

( 2 )  That by c u t t i n g  65 percent  of t h e  volume (11  tons  pe r  a c r e )  
t h e  ope ra t ion  y i e l d e d  a  gross  r e t u r n  of 9,0 c e n t s  p e r  t o n  over  c o s t s ,  
provided 42 c e n t s  p r o f i t  and 48 c e n t s  f o r  stumpage. Here a s u b s t a n t i a l  
p a r t  o f  t h e  growing s tock  mas removed, b u t  t h e  t r e e s  l e f t  were t h e  l a r g e r  
and better-formed elements of t h e  s tand .  

( 3 )  That by c u t t i n g  40 percent  of t h e  volume ' (8 t ons  p e r  a c r e )  
t h e  opelration y i e lded  a  gross  r e t u r n  of 22 c e n t s  p e r  t o n  ove r  c o s t s .  This  
i s  no t  hdequate f o r  t h e  f u l l  1 0  pe rcen t  margin f o r  t h e  ope ra to r  and pro- 
v ides  f o r  no stumpage pa.yment t o  t h e  landovlner. On t h e  o t h e r  hand, a 
good r e se rve  of growing s tock  f o r  f u t u r e  product ion was l e f t  on t h e  land.  

( 4 )  That by c u t t i n g  22 percent  of t h e  volume ( 5  t ons  pe r  a c r e ) ,  
t h e  ope ra t ion  pa id  only 6 cen t s  pe r  t o n  over  c o s t s ,  t h a t  i s ,  it b a r e l y  
pa id  i t s  way. Here, t o o ,  nothing remained f o r  stumpaye, bu t  t h e  l and  
was l e f t  f u l l y  s tocked f o r  r ap id  i n c r e a s e  i n  volume product ion i n  t h e  
near  fu tu re .  



REIIOVE 50 PERCENT OF THE VOLUME 

'then these  r e s u l t s  a r e  eva lua ted ,  it i s  apparent  t h a t  t h e  &per- 
cen t  c u t  of  11 tons  p e r  a c r e  does not  f u l l y  meet t h e  requirements of good 
timber management. It opened up t h e  s t and  excess ive ly  and reduced t h e  
growing s tock  too much t o  main ta in  f u l l  volume product ion.  On t h e  o t h e r  
hand, t h e  40 percent  c u t  of 8 tons  per  ac re  y i e lded  no r e t u r n  t o  t h e  land- 
oviner and i n s u f f i c i e n t  r e t u r n  t o  be a t t r a c t i v e  t o  t he  ope ra to r .  Somevlhere 
between t h e s e  two i n t e n s i t i e s  of  cu t t i r -g  must l i e  a  p o i n t  where a  p a r t i a l  
c u t  l e s s  severe t han  65 percent  can  be made t h a t  ~ i i l l  p rovide t h e  ope ra to r  
a  f a i r  p r o f i t  and t h e  landowner a  moderate amount f o r  stumpage. 

For oak s t ands  about  30 yea r s  o ld ,  such a s  t h e s c  t h a t  po in t  2 appears  t o  be around 575 percent ,  t h i c h  ~ ' o u l d  remove 112 tons  per  ac re .  
With condi t ions  a s  they rwre when t h i s  s tudy  v a s  made a c u t  of 11; tons  
pe r  a c r e  .,auld have pa id  t h e  o p e r a t o r ' s  1 0  percent  p r o f i t  and about 25 
cen t s  p e r  t o n  stumpaga t o  t h e  landovrner. A s tand  so  c u t  taould have about  
375 t r e e s  pe r  ac re  remaining, and i n  10 t o  15  yea r s  could a p a i n  provide 
a  p r o f i t a b l e  c u t .  Such t rea tment  con ' s t i tu tes  f a i r  c u t t i n g  p r a c t i c e ,  o r  
t h e  f i r s t  s t e p  i n  f o r e s t r y .  

A c u t  of about  50 percent  of  t h e  volume vilould have y i e lded  t h e  
ope ra to r  h i s  10 percent  p r o f i t  and r i s k  allowance b u t  would have l e f t  no 
r e s i d u a l  f o r  stumpage ( f i g .  4.). Such a c u t  might appear  u n a t t r a c t i v e  t o  
a landowner, y e t  t h e  l a r g e r  volume of  b e t t e r  t r e e s  l e f t  a s  groving s tock  
would have h igher  growth r a t e .  The pe r iod  f o r  t h e  next  c u t  
wou1.d thereby be shortened.  

pi. pme n ? s k i l -  
. - It appears  l i k e l y  t h a t  w i th  improved lopging  ec 

f u l  ope ra to r s ,  and good t iming  of  c u t t i n g  p ~ i t h  seasonal  markets,  p a r t i a l  
c u t s  as low as 8 t ons  p e r  a c r e  could  be made p r o f i t a b l y .  l:.ihen a l l  
d i t i o n s  a r e  favorable  such a c u t  might even y i e l d  some stumpage i n  
t i o n  t o  t h e  b e n e f i t s  i n  improved grovth  and q u a l i t y  t h a t  r e s u l t  from guud  
c u t t i n g  p r a c t i c e s .  

con- 
addi- 

-- - - - A  



Figure &.--The area shown i n  Figure 1 looked l i k  
t h i s  a f t e r  a thinning cut .  Thinning 10 
tons per acre  i n  30-year-old oak timber 
would be p rof i t ab le  f o r  both c u t t e r  and 
landowner. 

WHAT THESE RESULTS MEAN 

TO THE ANTHRACITE FOREST REGION 

Most young oak stands i n  the  A ~ I ~ I I L ~ L L ~ ~  Forest Region contaln a 
I high percentage of t r e e s  of i n f e r i o r  species, poor form, and sprout or igin;  

t h i s  i s  a r e s u l t  of pas t  overcutting, abuse, and neglect, Improvement cut- 
t i ngs  a r e  necessary t o  build up these stands f o r  optimum volume and qua l i ty  
production. Owners of such timber, however, have considered the  cos t  of 
stand improvement prohibi t ive  and have allowed the  stands t o  be clear-cut 
o r  have l e f t  them untouched fo r  nature t o  take i t s  course.. Given enough 
time, with protect ion from f i r e ,  these stands would develop i n t o  saw timber, 
but not of t he  best  quali ty.  Since the  present condition was l a rge ly  man- 
created, it i s  reasonable t h a t  man should lend a hand i n  rec t i fy ing  h i s  
mistakes. As t h i s  study shows, impr*ovement cut t ings  can pay f o r  themselves 
and can even bring i n  a l i t t l e  p ro f i t .  



I f  a major p o r t i o n  o f  t he  l a r g e  acreage of  young oak f o r e s t s  i n  
t h e  reg ion  could have 50 percent  of  i t s  p re sen t  volume removed, t h a t  i s ,  
volume i n  t r e e s  of i n f e r i o r  spec i e s ,  poor form, and sprout  o r i ~ i n ,  t h e  
An th rac i t e  Region would be we l l  a long  tovrard b u i l d i n g  up a supply of 
badly needed high-qual i ty  t imber.  Moreover, much of t h e  p re sen t  c l ea r -  
c u t t i n g  of o l d e r  s t ands  t o  meet demands f o r  lagging,  fo repo le s ,  and 
smal l  props Would become unnecessary. With demands f o r  t hese  sma l l  mine 
timbers f i l l e d  wi th  improvement c u t t i n g s  i n  young s tands ,  t h e  young t r e e s  
i n  o l d e r  s tands  could  be reserved  f o r  f u r t h e r  growth. 

TREE SPACING AS A GUIDE FOR PARTIAL CUTTING 

S ince  most landowners v i l l  not  vlish t o  undertake d e t a i l e d  inventory  
and marking procedures prepara tory  t o  c u t t i n g ,  spacing betvleenkrees a s  
shown i n  t a b l e  4 may be used a s  a guide f o r  approximating t h e  d i f f e r e n t  

- 
c u t t i n g  i n t e n s i t i e s  i n  young oak s tands  s i m i l a r  t o  t h e  one u t i l i z e d  i n  t h i s  
s tudy.  

Table 4.--Number of t r e e s  t o  leave  and spacing per  t r e e ,  

by degree of c u t t i n g  

I I 

Number - Feet  

22 693 8 x 8  
40 502 9 x 9  
50 410 10 x 10  
575 37 5 G o $  x  10f 
65 339 11 x 11 

I n t e n s i t y  
of c u t t i n g  
(percent )  

I 
Trees 2 inches  d.b.h. and l a r g e r .  

2 ~ c t u a l l y  10.8 x 10.8. 

Spacing should be v a r i e d  between i n d i v i d u a l  t r e e s  s o  t h a t  s t r a i g h t ,  
sound stems of good commercial species--chief ly r ed  oak, r lhi te  oak, 
ches tnu t  oak, and r e d  maple--are l e f t  i n  t h e  reserved  s tand .  General ly ,  
you should c u t  a l l  sp rou t s  i n  a clump o r  none a t  a l l .  

Trees t o  l eave  
1 p e r  a c r e  

Approximate 
spac ing  of 
t r e e s  l e f t  



SUPPLEMENTAL INFORMATION 

Reliable f igures  concerning weights and volumes by diameter and 
species have long been needed by fores te r s ,  timber dealers,  and land- 
ovners f o r  making b e t t e r  timber appraisa ls .  Converting factors  of tons 
per cubic foot ,  tons per thousand board f ee t ,  number of pieces per  ton, 
and t h e  l i ke ,  f o r  t he  region's  numerous commercial species vrould solve 
many of the  problems encountered i n  buying and s e l l i n g  mine-timber prod- 
ucts.  A l imi ted amount of such data  was obtained from t h e  present study. 
It i s  included i n  the  folloving tab les .  

Table 5.--Height, volume, and tveight of 

standing timber by diameter 

c lass  

1 
~ e i ~ h t l  volume3 Weight 1 

(inches) 1 

Feet Cubic 
f e e t  - 
0.20 

.52 
1.05 
1.81 
2.76 
4.17 
5.97 
8.15 

Pounds 

h i a m e t e r  breas t  high: 4$ f e e t  
above ground level .  

' ~ v e r a ~ e  usable height, generally 
t o  a 2-inch top diameter. 

3~olumes and weights a r e  f o r  white 
oak, red oak, s c a r l e t  oak, and red maple 
t r e e s  averaged together. Basis: 167 t rees .  



Table 6.--Converting f a c t o r s  by spec ies  

and product 
1 

Average Pounds p e r  Tons p e r  / Cubic f e e t  1 Species  number 1 
cubic  f o o t  cubic  f o o t  p e r  t o n  per  t o n  

Red oak 97 
White oak 11 6 
Red maple 186 
Sassa f r a s  210 

6-FOOT LAGGING 

I 6-FOOT PROPS I 

Red oak 
m i t e  oak 

12-FOOT FOREPCLES 

Red oak 
White oak 

I 

'source of da t a :  Samples weighed on t h e  job, and 
weighed t r u c k  loads  d e l i v e r e d  t o  t h e  mines P i eces  on each 
load  were t a l l i e d  by mid-diameter c l a s s ,  spec i e s ,  and product .  

 reen en weight,  i nc lud ing  bark. Averaged from e n t i r e  
job. 



Table 7. --Aver; age vol 

f  timbe 

id- 1 

.me,  weight, and pieces per ton 

trs used i n  an th rac i t e  mines 
P. 

I diameter I I 1 I 

Cubic ~ b s ?  Pieces Cubic Lbs. Pieces Cubic Lbs. Pieces --- --- -- 
f e e t  per feet E f e e t  per 

ton ton - ton 

PROPS 

FOREP OLES 

 reen en weight, including bark. 

'~agging i s  6 f e e t  long, 2 t o  3 inches a t  small end. Props a r e  
6 f e e t  long, 4 t o  8 inches a t  small end. Forepoles a r e  12 f e e t  long, 
3 t o  4 inches a t  small end. Sizes  vary with each coa l  mine. Round 
wood i s  sold by weight, by l i n e a r  foot ,  o r  by the  piece. 






