
General Technical Report PNW-79 

March 1979 

LIBRARY 

ROCKY MOUNTAIN STAT 
/Aveuaga ', 
: Avenge :,, 
I 

OCT 31 1973 - 
ROCW MOUNTAIN STAT. 

~etermining:'~verage'\\;~arding I Distance 
I 1 

I 
1 

I 

.:' Average 'I\, \, 

\ 

1 \ 

Roger H. Twito and Charles N. Manri 

Pacific Northwest Forest and Range Experiment Station 
Forest Service U.S. Department of Agriculture 



ABSTRACT 

Emphasis on environmental and esthetic quality in timber 
harvesting has brought about increased use of complex 
boundaries of cutting units and a consequent need for a 
rapid and accurate method of determining the average yarding 
distance and area of these units. These values, needed for 
evaluation of road and landing locations in planning timber 
harvests, are easily and accurately determined by a desk-top 
computer and digitizer system programed in B A S I C  language. 
This paper presents two programs designed for that purpose. 

KEYWORDS: Logging operations analysis/design, 
computer programs/programing, 
computers (desk-top). 

METRIC EQUIVAL ENTS 

1 foot = 0 . 3 0 4 8  meter 

1 acre = 0 . 4 0 4 7  hectare 
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Introduction 

J u d i c i o u s  p l a n n i n g  i s  e s s e n t i a l  f o r  a r r i v i n g  a t  t h e  b e s t  means o f  
mee t ing  e n v i r o n m e n t a l  and v i s u a l  s t a n d a r d s .  Because o f  t h e s e  s t a n d -  
a r d s ,  t i m b e r  h a r v e s t  u n i t  b o u n d a r i e s  have  become more complex and 
o f t e n  u t i l i z e  s t r e a m s i d e  and v i s u a l  b u f f e r  ( l e a v e )  z o n e s ,  m u l t i p l e  
l a n d i n g s ,  and i r r e g u l a r  s h a p e s .  These c h a r a c t e r i s t i c s  make i t  d i f -  
f i c u l t  t o  c a l c u l a t e  one o f  t h e  key e l e m e n t s  a f f e c t i n g  c o s t  o f  
h a r v e s t i n g - - t h e  a v e r a g e  y a r d i n g  d i s t a n c e  (AYD). C a l c u l a t i n g  t h i s  
v a r i a b l e  by s t a n d a r d  manual methods ,  s u c h  a s  combining r e g u l a r  geo-  
m e t r i c  s h a p e s  w i t h  known AYD v a l u e s  o r  a n a l y z i n g  i r r e g u l a r  s h a p e s  by 
n u m e r i c a l  i n t e g r a t i o n ,  u s u a l l y  becomes t o o  l a b o r i o u s  a  p r o c e d u r e  f o r  
p r a c t i c a l  u s e .  Programable  d e s k - t o p  c a l c u l a t o r - d i g i t i z e r  s y s t e m s ,  
however ,  p r o v i d e  a  means f o r  r a p i d  and a c c u r a t e  d e t e r m i n a t i o n  o f  AYD 
v a l u e s .  

T h i s  r e p o r t  p r e s e n t s  two d e s k - t o p  c a l c u l a t o r  programs f o r  o b t a i n i n g  
u n i t  a r e a  and a v e r a g e  y a r d i n g  d i s t a n c e .  The f i r s t  i s  f o r m u l a t e d  t o  
d e t e r m i n e  t h e  AYD f o r  i r r e g u l a r  h a r v e s t  u n i t s  unde r  t h e  c l a s s i c  a s -  
sumpt ion  t h a t  l o g s  a r e  ya rded  from t h e i r  l o c a t i o n  i n  a  s t r a i g h t  l i n e  
t o  t h e  l a n d i n g .  The d e s k - t o p  c a l c u l a t o r  approach  t o  t h i s  p roblem was 
i n i t i a l l y  d e s c r i b e d  by P e t e r s  and Burke (1972) .  We u p d a t e  t h e i r  
document by p r o v i d i n g  a  program w r i t t e n  i n  t h e  American S t a n d a r d  Code 
f o r  I n f o r m a t i o n  I n t e r c h a n g e  (ASCII) BASIC l a n g u a g e ,  which i s  common 
t o  many p r e s e n t - d a y  computer  s y s t e m s .  The second program d e t e r m i n e s  
AYD unde r  t h e  c o n d i t i o n  t h a t  l o g s  a r e  moved l a t e r a l l y  t o  a  y a r d i n g  
c o r r i d o r  and t h e n  l o n g i t u d i n a l l y  up t h e  s t r a i g h t  c o r r i d o r  t o  a  l a n d i n g ,  
a s  w i t h  s k y l i n e  s y s t e m s .  

Applications 

P r o c e d u r e s  were  deve loped  f o r  d e t e r m i n i n g  t h e  a r e a  and a v e r a g e  and 
maximum y a r d i n g  d i - s t ances  o f  t i m b e r  h a r v e s t  u n i t s .  T h i s  i n f o r m a t i o n  
i s  needed  f o r  d e t e r m i n i n g  y a r d i n g  sys t em f e a s i b i l i t y  and c o s t .  Good 
p l a n n i n g  r e q u i r e s  t h a t  y a r d i n g  c o s t  be  combined w i t h  c o n s t r u c t i o n  
c o s t s  o f  a c c e s s  r o a d s  and l a n d i n g s  s o  t h a t  t h e  l o g g i n g  p l a n  t h a t  b e s t  
meets  o v e r a l l  economic and e n v i r o n m e n t a l  o b j e c t i v e s  can  b e  d e t e r m i n e d .  

PROGRAM I (A YO: NONSLACKPULL lNG SYSTEMS) 

Program 1 a p p l i e s  t o  i r r e g u l a r - s h a p e d  u n i t s  where t h e  l o g s  a r e  
y a r d e d  from t h e i r  l o c a t i o n  s t r a i g h t  t o  a  l a n d i n g .  Examples o f  t h i s  
would be  c a b l e  sys t ems  n o t  u t i l i z i n g  s l a c k p u l l i n g  c a p a b i l i t y  ( i . e . ,  
n o t  moving l o g s  l a t e r a l l y  p r i o r  t o  moving them l o n g i t u d i n a l l y  t o  t h e  
l a n d i n g ) ,  such  a s  any h i g h - l e a d  sys t em,  and g r a p p l e  o r  sho tgun  s k y l i n e  
sys t ems  o p e r a t i n g  i n  c l e a r c u t s .  

PROGRAM 2 (A YO: SLACKPUL LING SYSTEMS) 

Program 2 a p p l i e s  t o  u n i t s  where s k y l i n e  sys t ems  w i t h  s l a c k p u l l i n g  
( i . e . ,  l a t e r a l  y a r d i n g )  c a p a b i l i t y  o p e r a t e  i n  e i t h e r  p a r a l l e l  o r  f a n -  
shaped  s e t t i n g s .  These sys t ems  would g e n e r a l l y  b e  r e q u i r e d  f o r  s k y -  
l i n e  y a r d i n g  o f  h a r v e s t  c u t s  where r e s i d u a l  t i m b e r  i s  t o  b e  p r o t e c t e d .  
The more v e r s a t i l e  s l a c k p u l l i n g  sys t ems  a r e  a l s o  u s e d  i n  c l e a r c u t s  



and ,  i n d e e d ,  may be  r e q u i r e d  i f  t a i l h o l d s  a r e  w i d e l y  s p a c e d  o r  if 
economic a n a l y s i s  shows t h a t  i n c r e a s i n g  t h e  l a t e r a l  y a r d i n g  d i s t a n c e  
i s  l e s s  c o s t l y  t h a n  making more f r e q u e n t  r i g g i n g  changes .  Program 2 
can  accommodate one o r  two l e a v e  s t r i p s  ( u n h a r v e s t e d  a r e a s )  between 
t h e  u n i t ' s  r e a r  boundary  and t h e  l a n d i n g .  

Program 2 c o u l d  a l s o  b e  u s e d  f o r  a  more d e t a i l e d  breakdown o f  
ground s k i d d i n g  where l a t e r a l  y a r d i n g  t o  t h e  s k i d  r o a d  i s  done by 
p u l l i n g  o u t  t h e  winch l i n e .  The program c o u l d  be  m a n i p u l a t e d  t o  
s t a g e  p r o c e s s  a l l  t h e  a p p r o x i m a t e l y  s t r a i g h t  s k i d  r o a d  t a n g e n t s  i n  
p r o g r e s s i o n  t o  t h e  l a n d i n g .  Some hand c a l c u l a t i o n s  would be  r e q u i r e d ,  
b u t  most o f  t h e  l e n g t h y  n u m e r i c a l  p r o c e s s i n g  would b e  per formed 
w i t h i n  t h e  program. T h i s  h i g h  a  d e g r e e  o f  a n a l y s i s ,  however ,  i s  
seldom p r a c t i c a l  o r  j u s t i f i e d  f o r  ground s k i d d i n g ,  and u s e  o f  program 
1 would g e n e r a l l y  b e  f a s t e r .  

Problem Formulation 

Matthews (1942) c a l c u l a t e d  AYD by t h e  method o f  e q u a l  a r e a s .  
Al though t h i s  method had been  used  f o r  many y e a r s ,  Lysons and Mann 
(1965) showed t h a t  i t  gave i n c o r r e c t  r e s u l t s  f o r  c i r c u l a r  c u t t i n g  
u n i t s  o r  segments  t h e r e o f .  T h e i r  a n a l y s i s  showed t h a t  AYD i s  g i v e n  
by :  

SydA - AYD = -  - F i r s t  moment o f  a r e a  
/dA Area  

S u d d a r t h  and H e r r i c k  (1964) a l s o  d e r i v e d  e q u a t i o n  1 and deve loped  
a l g e b r a i c  fo rmulas  t o  s o l v e  AYD f o r  t h e  s p e c i a l  c a s e s  o f  r i g h t  t r i -  
a n g l e s ,  r e c t a n g l e s ,  and  c i r c u l a r  a r c s .  They a l s o  d e r i v e d  t h e  e q u a t i o n  
f o r  AYD o f  a  compos i t e  a r e a  o f  s i m p l e  s h a p e s ,  f o r  which t h e  r e s p e c t i v e  
A Y D ' s  a r e  known. S u d d a r t h  and H e r r i c k  recommended n u m e r i c a l  i n t e -  
g r a t i o n  f o r  complex a r e a s .  

Fo rmula t ion  o f  BASIC l anguage  programs f o r  d e s k - t o p  c a l c u l a t o r s ,  
u s i n g  t h e  a p p r o p r i a t e  combina t ion  o f  t h e s e  methods,  p r o v i d e s  a  f a s t  
and a c c u r a t e  means o f  s o l v i n g  t h e  maximum and a v e r a g e  y a r d i n g  d i s -  
t a n c e s  and t h e  a r e a  o f  a  h a r v e s t  u n i t  o f  any shape  w i t h  t h e  l a n d i n g  
a t  any l o c a t i o n .  

PROGRAM I (A YO: NONSLACKPULL ING SYSTEMS) 

Two as sumpt ions  r e l a t e  t o  program 1 :  The t i m b e r  i s  u n i f o r m l y  
d i s t r i b u t e d  o v e r  t h e  h a r v e s t  u n i t ,  and t h e  y a r d i n g  d i s t a n c e  of e a c h  
t u r n  i s  e q u a l  t o  t h e  s h o r t e s t  d i s t a n c e  from t h e  p i c k u p  p o i n t  t o  t h e  
l a n d i n g .  These a s sumpt ions  p r e s e n t  obv ious  l i m i t a t i o n s  when t h e  l o g s  
a r e  y a r d e d  o v e r  i n d i r e c t  r o u t e s  o r  when t h e r e  i s  g r e a t  imbalance  i n  
t i m b e r  d e n s i t y .  For a  d i s c u s s i o n  o f  a s s u m p t i o n s ,  s e e  S u d d a r t h  and 
H e r r i c k  (1964) . 

The programed a l g o r i t h m ,  b a s e d  on e q u a t i o n  1, sums t h e  a r e a s  and 
moments o f  a r e a s  o f  t h e  a g g r e g a t e  number o f  s m a l l  c i r c u l a r  a r c s  
c o n s t i t u t i n g  a  c u t t i n g  u n i t :  



Cutting unit 
perimeter 

and 
M AYD = - A ' 

PROGRAM 2 (A YD: SLACKPULL lNG SYSTEMS)  

O p e r a t i o n a l  f e a t u r e s  and a s sumpt ions  r e l a t i n g  t o  program 2 can  b e  
more e a s i l y  u n d e r s t o o d  a f t e r  f i g u r e  1 i s  s t u d i e d .  They a r e :  (1 )  t h e  
t i m b e r  i s  u n i f o r m l y  d i s t r i b u t e d  o v e r  t h e  h a r v e s t  u n i t ;  ( 2 )  a  l i n e  
(which p a s s e s  t h r o u g h  t h e  midpo in t  between a d j a c e n t  l a n d i n g s  and t h e  
midpo in t  between t h e  ends  o f  a d j a c e n t  s k y l i n e  c o r r i d o r s )  d i v i d e s  t h e  
y a r d i n g  a r e a  t r i b u t a r y  t o  each  s k y l i n e  c o r r i d o r ;  ( 3 )  t h e  f r o n t  and 
r e a r  b o u n d a r i e s  o f  any a r e a  t r i b u t a r y  t o  a  s k y l i n e  c o r r i d o r  c o n s i s t  
o f  l i n e s  p e r p e n d i c u l a r  t o  t h e  c o r r i d o r  which i n t e r s e c t  t h e  d i v i d i n g  
l i n e s ;  ( 4 )  t h e  unbounded e x t e r i o r  s i d e s  o f  t h e  f i r s t  and t h e  l a s t  
s k y l i n e  c o r r i d o r  a r e  symmet r i ca l  t o  t h e  bounded i n t e r i o r  s i d e s  o f  
t h e s e  c o r r i d o r s ;  and ( 5 )  t h e  t i m b e r  i s  l a t e r a l l y  y a r d e d  i n  a  r o u t e  
p e r p e n d i c u l a r  t o  t h e  s k y l i n e  c o r r i d o r  and l o n g i t u d i n a l l y  y a r d e d  a l o n g  
t h e  c o r r i d o r  t o  t h e  l a n d i n g .  

F i g u r e  1 a l s o  i l l u s t r a t e s  how t h e  boundary o f  an a c t u a l  c u t t i n g  
u n i t  may v a r y  from t h e  programed a s sumpt ions .  The n e t  e r r o r  caused  
by t h i s  v a r i a t i o n  would n o r m a l l y  be  s m a l l  because  c a l c u l a t e d  e x c e s s e s  
on one s i d e  o f  t h e  c o r r i d o r  t e n d  t o  c a n c e l  d e f i c i t s  on t h e  o p p o s i t e  
s i d e .  A l a r g e r  e r r o r  i s  p o s s i b l e  i f  t h e  u s e r  i s  c a r e l e s s  i n  l a y i n g  
o u t  t h e  f i r s t  o r  t h e  l a s t  c o r r i d o r .  I f  t h e s e  c o r r i d o r s  a r e  p o s i t i o n e d  
one t h i r d  of  t h e  d i s t a n c e  between t h e  l a t e r a l  u n i t  boundary  and t h e  
f i r s t  i n t e r i o r  c o r r i d o r ,  t h i s  e r r o r  i s  min imized .  Good l a y o u t  would 
t e n d  toward  t h i s  p o s i t i o n i n g  anyway, a s  i t  b a l a n c e s  t h e  r e q u i r e d  
l a t e r a l  y a r d i n g .  

The d i v i d i n g  l i n e  f e a t u r e  o f  t h i s  program i m p l i e s  t h a t  l o g s  a r e  t o  
be  l a t e r a l l y  ya rded  t o  t h e  n e a r e s t  c o r r i d o r .  I n  p o r t i o n s  o f  some 
u n i t s ,  however ,  t h i s  i s  n o t  t h e  p r a c t i c e .  Where s t e e p  s l o p e s  p e r p e n -  



Area ABEF is equal and symmetrical to area ABCD. 

oundary of setting 1 

Actual unit boundary 

K= midpoint between 

road 

Figure 1. --Geometric assurqtions of program 2. 



d i c u l a r  t o  t h e  s k y l i n e  e x i s t ,  t h e  l a t e r a l  y a r d i n g  may e x t e n d  o n l y  i n  
t h e  d o w n h i l l  d i r e c t i o n  and a l l  t h e  way t o  t h e  n e x t  c o r r i d o r .  C a l -  
c u l a t i n g  a  more a c c u r a t e  l a t e r a l  y a r d i n g  d i s t a n c e  i n  t h e s e  s i t u a t i o n s  
can  b e  managed by a n a l y z i n g  t h e  p o r t i o n s  o f  t h e  u n i t  where t r a n s v e r s e  
s l o p e s  p r e v a i l  on a  s e p a r a t e  b a s i s  and d o u b l i n g  t h e  l a t e r a l  y a r d i n g  
d i s t a n c e  o u t p u t  f rom t h e  rogram. Some a d d i t i o n a l  hand c a l c u l a t i o n s  
a r e  needed  t o  a r r i v e  a t  t e  c o r r e c t  w e i g h t e d  a v e r a g e s  f o r  t h e  s e t t i n g  
and u n i t  summaries .  

K 
The method d e s c r i b e d  i n  t h i s  p a p e r  u s e s  t h e  a l g o r i t h m  d e p i c t e d  by 

f i g u r e  2 .  

\ I x coordinate = 0 

x coordinate= 0 

- -- and setting i 2 -- 

I road . sky line corridor 
i tl 

Figure 2. --Geometric basis of program 2. 

For po lygon a b c d ,  l a t e r a l  AYD i s  s o l v e d  a s  f o l l o w s :  

P, = y1 (x1 + x 2 ) ;  2 

M l a t  = Y1/6 (XI2 + X l X 2  + ~ 2 ~ ) ;  

and 

L o n g i t u d i n a l  AYD i s  s o l v e d  a s  f o l l o w s :  

M ~ o n g  = y 1 2 / 6  (2x1  + x 2 )  + A t ;  

and 



User's Guide 

Detailed operating instructions and the program listings are given 
for computer systems programable in the ASCII BASIC language. They 
were developed on a Hewlett-Packard 9830A desk-top calculator/plotter/ 
digitizer system but can be executed on equivalent hardware.1 

The minimum Hewlett-Packard calculator system configurations needed 
to run these programs are: 

1. Model 9830A calculator with 7,904 words of read/write memory. 

2. Additional read-only memories; extended input/output and string 
variables. 

3. Digitizer (9864A) . 
4. Thermal page printer (9866A) . 

OPERATING PROCEDURE FOR PROGRAM I 

The following procedures presume a knowledge of the Hewlett-Packard 
Model 9830A system procedures. Only supplemental instructions per- 
taining to this program will be detailed. 

This program can be put on a magnetic tape cassette and executed 
as follows: 

1. Press LOAD, 1, EXECUTE. 

T h i s  l o a d s  t h e  program. 

2. Secure unit-map to digitizer surface. 

Map mus t  c o n t a i n  t h e  needed  i n p u t  d a t a :  

- -proposed  c u t t i n g  u n i t ( s )  o u t l i n e d ;  
- - l a n d i n g  l o c a t i o n  ( s )  marked.  

3. Press RUN, EXECUTE. 

- - A t  t h i s  p o i n t  t h e  program a s s i s t s  t h e  u s e r  by  r e q u e s t i n g  i n p u t  
t h r o u g h  v i s u a l  p romp te r s  i n  t h e  d i s p l a y .  

- -Con t i nue  t h r o u g h  e n t r i e s  i n  t a b l e  1 which  r e l a t e  t h e  keyboard  
and d i g i t i z e r  i n p u t s  t o  t h e  v i s u a l  p romp te r s  on  t h e  computer  
d i s p l a y .  

 he use of  t r a d e ,  f i rm, o r  corporat ion names i n  t h i s  publ ica t ion  i s  f o r  t h e  
information and convenience of t h e  reader  and does not c o n s t i t u t e  an o f f i c i a l  
endorsement o r  approval by t h e  U.S. Department of Agr icul ture  of  any product t o  t h e  
exclusion of o t h e r s  which may be s u i t a b l e .  



Table 1--Input explanation for average yarding distance, program 1 

NEED INSTRUCTIONS (YES/NO) YES Prints operating instructions 
in response to "YES" input 
(fig. 3). 

Visual prompter on display 

MAP SCALE (FEET/INCH) 

NUMBER OF SETTINGS 

Sample 
keyboard 
response 

AVERAGE PERCENT SLOPE 

Explanat ion 

SETTING DESIGNATION 

DIGITIZE SETTING 

400 Enters scale of map being 
used. 

3 Enters the number of settings 
required to yard the unit. 

45 Enters the average ground 
slope of the setting; if the 
unit is to be yarded with 
skylines, enters the average 
skyline chord slope. 

1 1. Sequentially enters the 
unit that will be 
digitized next. 

2. When the last setting 
has been digitized, 
prints the final output. 

DIGITIZER RESPONSE 

1. Follow instructions 
printed and shown in 
figure 3. 

2. See figure 4 for 
additional information 
on digitizing technique 
for complicated units. 
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Figme 3. --Operating ins truct ions  for AYD Program I .  

J I  LBoundarv of area \\ 
to be ya;ded into 
landing i 

route 

Figure 4.--Sample of acceptable cursor route 
for d i g i t i z i n g  complex se t t ings .  



EXAMPLE DA TA FOR PROGRAM I 

Figures 5 and 7 illustrate timber harvest units which have been 
digitized with the corresponding printed output from the programed 
calculator shown by figures 6 and 8. The average time to set up, 
digitize, and analyze each unit is about 1 minute. 

Horizontal scale: = 400 feet 
Contour interval: 100 feet 
Average slope: 30 percent 

Figure 5. --IrreguZar-shaped cutting unit.  
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,..., ........... 
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I.II ::: ...,..., 
. . . .  

Figure 6.--Printed output from example ( f i g .  5 ) .  

Figure 7 .  --Large uni t  yarded from two set t ings.  

Horizontal scale : - = 400 feet 
Contour interval: 100 feet 
Average slope = 50 percent 
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Figure 8 .  --Printed output from example ( f i g .  7). 

OPERA TlNG PROCEDURE FOR PROGRAM 2 

T h i s  program can  be s t o r e d  on t h e  magnet ic  t a p e  c a s s e t t e  c o n t a i n i n g  
program 1 and execu ted  a s  f o l l o w s :  

1. P r e s s  LOAD, 2 ,  EXECUTE. 

T h i s  l o a d s  t h e  program. 

2 .  Secure  u n i t  map t o  d i g i t i z e r  s u r f a c e .  

Map mus t  conGain t h e  needed  i n p u t  d a t a :  

- -proposed  c u t t i n g  u n i t  o u t l i n e d ;  
- - l a n d i n g  l o c a t i o n  ( s )  marked; 
- - r e a r  boundary  o f  t h e  s k y l i n e  c o r r i d o r s  marked.  

3. P r e s s  R U N ,  EXECUTE. 

--The program's  t i t l e  and t h e  d e f i n i t i o n  o f  u n i t  t y p e s  a r e  
p r i n t e d  ( f i g .  9 ) .  

- - N e x t ,  t h e  program a s s i s t s  t h e  u s e r  b y  r e q u e s t i n g  i n p u t  t h r o u g h  
v i s u a l  p romp te r s  i n  t h e  d i s p l a y .  

- -Con t i nue  t h r o u g h  e n t r i e s  i n  t a b l e  2 which  r e l a t e  t h e  keyboard  
and d i g i t i z e r  i n p u t s  t o  t h e  v i s u a l  prompters  on  t h e  computer  
d i s p l a y .  

EXAMPLE DATA FOR PROGRAM 2 

F i g u r e s  10 and 1 2  i l l u s t r a t e  t imber  h a r v e s t  u n i t s  which have been 
d i g i t i z e d  w i t h  t h e  co r re spond ing  p r i n t e d  o u t p u t  from t h e  programed 
c a l c u l a t o r  shown by f i g u r e s  11 and 13 .  The ave rage  t ime t o  s e t  up ,  
d i g i t i z e ,  and a n a l y z e  each  u n i t  i s  abou t  4 minu tes .  
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Figure 9.--Operating instructions for AYD program 2. 



Table  2 - - I n p u t  e x p l a n a t i o n  f o r  ave rage  y a r d i n g  d i s t a n c e ,  program 2 

NEED INSTRUCT IONS (YES/NO) YES P r i n t s  o p e r a t i n g  i n s t r u c t i o n s  
i n  r e s p o n s e  t o  "YES" i n p u t  
( f i g .  9) . 

MAP SCALE (FEET/ INCH) 

E x p l a n a t i o n  V i s u a l  prompter  on d i s p l a y  

SKYLINE CHORD SLOPE % ;  
SETTING i 

Sample 
keyboard 
r e s p o n s e  

E n t e r s  s c a l e  o f  map b e i n g  
used .  

1. Uses t h i s  v a l u e  t o  
c a l c u l a t e  t h e  r e l a t i o n -  
s h i p  between h o r i z o n t a l  
and a c t u a l  y a r d i n g  
d i s t a n c e .  

2 .  A f t e r  t h e  l a s t  s e t t i n g  
i n  t h e  u n i t  i s  d i g i t i z e d ,  
e n t e r  a  v a l u e  o f  1 t o  
s i g n a l  f o r  p r i n t e d  u n i t  
summary. 

DIGITIZE L A N D I N G  i DIGITIZER RESPONSE ( f i g .  9) . 
NEXT POINT, SETTING i D I G I T I Z E R  RESPONSE ( f i g .  9 ) .  



Horizontal scale : 1-1 = 400 feet 
Contour interval : 100 feet 
Skyline chord slopes : see figure 11 

Figure 10.--Irregular unit yarded in fan-shaped pattern. 





Horizontal scale: 1-1 =400 feet 
Contour interval: 100 feet 
Skyline chord slopes: see figure 13 

Figure 12. --Unit yarded u i t h  a combination o f  paraZZeZ and 
fan-shaped settings 
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The mission o f  the PAC1 F I C  NORTHWEST FOREST A N D  
R A N G E  EXPERIMENT STATION is t o  provide the knowl-  
edge, technology, and alternatives f o r  present and future 
protection, management, and use o f  forest, range, and related 
environments. 

Wi th in  this overall mission, the Stat ion conducts and 
stimulates research t o  facil itate and t o  accelerate progress 
toward the fol lowing goals: 

1. Providing safe and efficient technology fo r  inventory, 
protection, and use o f  resources. 

2. Developing and evaluating alternative methods and levels 
o f  resource management. 

3. Achieving op t imum sustained resource product ivi ty 
consistent w i t h  maintaining a high qual i ty forest 
environment. 

The area of research encompasses Oregon, Washington, 
Alaska, and, in some cases, California, Hawaii, the Western 
States, and the Nation. Results o f  the research are made 
available prompt ly .  Project headquarters are at: 

Anchorage, Alaska 
Fairbanks, Alaska 
Juneau, Alaska 
Bend, Oregon 
Corvallis, Oregon 

L a  Grande, Oregon 
Portland, Oregon 
Olympia, Washington 
Seattle, Washington 
Wenatchee, Washington 

Mailing address: Pacific Northwest Forest and Range 
Experiment Station 

P.O. Box 3141 
Porthnd, Oregon 97208 
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