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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 BASIC language.
This paper presents two programs designed for that purpose.

KEYWORDS: Logging operations analysis/design,

computer programs/programing,
computers (desk-top).

METRIC EQUIVALENTS

1 foot

0.3048 meter

1 acre 0.4047 hectare
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Introduction

Judicious planning is essential for arriving at the best means of
meeting environmental and visual standards. Because of these stand-
ards, timber harvest unit boundaries have become more complex and
often utilize streamside and visual buffer (leave) zones, multiple
landings, and irregular shapes. These characteristics make it dif-
ficult to calculate one of the key elements affecting cost of
harvesting--the average yarding distance (AYD). Calculating this
variable by standard manual methods, such as combining regular geo-
metric shapes with known AYD values or analyzing irregular shapes by
numerical integration, usually becomes too laborious a procedure for
practical use. Programable desk-top calculator-digitizer systems,
however, provide a means for rapid and accurate determination of AYD
values.

This report presents two desk-top calculator programs for obtaining
unit area and average yarding distance. The first is formulated to
determine the AYD for irregular harvest units under the classic as-
sumption that logs are yarded from their location in a straight line
to the landing. The desk-top calculator approach to this problem was
initially described by Peters and Burke (1972). We update their
document by providing a program written in the American Standard Code
for Information Interchange (ASCII) BASIC language, which is common
to many present-day computer systems. The second program determines
AYD under the condition that logs are moved laterally to a yarding
corridor and then longitudinally up the straight corridor to a landing,
as with skyline systems.

Applications

Procedures were developed for determining the area and average and
maximum yarding distances of timber harvest units. This information
is needed for determining yarding system feasibility and cost. Good
planning requires that yarding cost be combined with construction
costs of access roads and landings so that the logging plan that best
meets overall economic and environmental objectives can be determined.

PROGRAM 1 (AYD: NONSLACKPULLING SYSTEMS)

Program 1 applies to irregular-shaped units where the logs are
yarded from their location straight to a landing. Examples of this
would be cable systems not utilizing slackpulling capability (i.e.,
not moving logs laterally prior to moving them longitudinally to the
landing), such as any high-lead system, and grapple or shotgun skyline
systems operating in clearcuts.

PROGRAM 2 (AYD: SLACKPULLING SYSTEMS)

Program 2 applies to units where skyline systems with slackpulling
(i.e., lateral yarding) capability operate in either parallel or fan-
shaped settings. These systems would generally be required for sky-
line yarding of harvest cuts where residual timber is to be protected.
The more versatile slackpulling systems are also used in clearcuts



and, indeed, may be required if tailholds are widely spaced or if
economic analysis shows that increasing the lateral yarding distance
is less costly than making more frequent rigging changes. Program 2
can accommodate one or two leave strips (unharvested areas) between
the unit's rear boundary and the landing.

Program 2 could also be used for a more detailed breakdown of
ground skidding where lateral yarding to the skid road is done by
pulling out the winch line. The program could be manipulated to
stage process all the approximately straight skid road tangents in
progression to the landing. Some hand calculations would be required,
but most of the lengthy numerical processing would be performed
within the program. This high a degree of analysis, however, is
seldom practical or justified for ground skidding, and use of program
1 would generally be faster.

Problem Formulation

Matthews (1942) calculated AYD by the method of equal areas.
Although this method had been used for many years, Lysons and Mann
(1965) showed that it gave incorrect results for circular cutting
Enits or segments thereof. Their analysis showed that AYD is given

y:

_ JydA _ First moment of area
AYD = SdA Area (1)

Suddarth and Herrick (1964) also derived equation 1 and developed
algebraic formulas to solve AYD for the special cases of right tri-
angles, rectangles, and circular arcs. They also derived the equation
for AYD of a composite area of simple shapes, for which the respective
AYD's are known. Suddarth and Herrick recommended numerical inte-
gration for complex areas.

Formulation of BASIC language programs for desk-top calculators,
using the appropriate combination of these methods, provides a fast
and accurate means of solving the maximum and average yarding dis-
tances and the area of a harvest unit of any shape with the landing
at any location. .

PROGRAM 1 (AYD: NONSLACKPULLING SYSTEMS)

Two assumptions relate to program 1: The timber is uniformly
distributed over the harvest unit, and the yarding distance of each
turn is equal to the shortest distance from the pickup point to the
landing. These assumptions present obvious limitations when the logs
are yarded over indirect routes or when there is great imbalance in
timber density. For a discussion of assumptions, see Suddarth and
Herrick (1964).

The programed algorithm, based on equation 1, sums the areas and
moments of areas of the aggregate number of small circular arcs
constituting a cutting unit:



Cutting unit
perimeter

where

2
dA = 1/2 r2 dB = 1/2 (EL—%—EA) dg; .
dM = (2/3 1) dA = 1/3 r? dg = 1/3 (FL5T2) dg;
M = ZA dM ;
A= ZA dA;
and
_ M
AYD = X

PROGRAM 2 (AYD: SLACKPULLING SYSTEMS)

Operational features and assumptions relating to program 2 can be
more easily understood after figure 1 is studied. They are: (1) the
timber is uniformly distributed over the harvest unit; (2) a line
(which passes through the midpoint between adjacent landings and the
midpoint between the ends of adjacent skyline corridors) divides the
yarding area tributary to each skyline corridor; (3) the front and
rear boundaries of any area tributary to a skyline corridor consist
of lines perpendicular to the corridor which intersect the dividing
lines; (4) the unbounded exterior sides of the first and the last
skyline corridor are symmetrical to the bounded interior sides of
these corridors; and (5) the timber is laterally yarded in a route
perpendicular to the skyline corridor and longitudinally yarded along
the corridor to the landing.

Figure 1 also illustrates how the boundary of an actual cutting
unit may vary from the programed assumptions. The net error caused
by this variation would normally be small because calculated excesses
on one side of the corridor tend to cancel deficits on the opposite
side. A larger error is possible if the user is careless in laying
out the first or the last corridor. If these corridors are positioned
one third of the distance between the lateral unit boundary and the
first interior corridor, this error is minimized. Good layout would
tend toward this positioning anyway, as it balances the required
lateral yarding.

The dividing line feature of this program implies that logs are to
be laterally yarded to the nearest corridor. In portions of some
units, however, this is not the practice. Where steep slopes perpen-



Area ABEF is equal and symmetrical to area ABCD.
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Figure 1.--Geometric assumptions of program 2.



dicular to the skyline exist, the lateral yarding may extend only in
the downhill direction and all the way to the next corridor. Cal-
culating a more accurate lateral yarding distance in these situations
can be managed by analyzing the portions of the unit where transverse
slopes prevail on a separate basis and doubling the lateral yarding
distance output from the program. Some additional hand calculations

are needed to arrive at the correct weighted averages for the setting
and unit summaries.

The method described in this paper uses the algorithm depicted by
figure 2.

x coordinate =0
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. x coordinate=Xx, L _——
Landing | + 1 y coordinate=0 x coordinate = x,

®__(x axis) y coordinate =y,

Access
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Figure 2.--Geometric basis of program 2.

For polygon abcd, lateral AYD is solved as follows:

A = (XI + XZ).
. Y1 7 s

Miat = y1/6 (x1% + x1X2 + X2%);
and
M
_ lat
ADia¢ = 3K
. Longitudinal AYD is solved as follows:

Mlong = y12/6 (2x; + x) + At;

and

_ IM
AYDlong —-}%%5



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.l

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 1

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.
This loads the program.

2. Secure unit-map to digitizer surface.
Map must contain the needed input data:

--proposed cutting unit(s) outlined;
--landing location(s) marked.

3. Press RUN, EXECUTE.

--At this point the program assists the user by requesting input
through visual prompters im the display.

--Continue through entries in table 1 which relate the keyboard
and digitizer inputs to the visual prompters on the computer
display.

1The use of trade, firm, or corporation names in this publication is for the
information and convenience of the reader and does not constitute an official
endorsement or approval by the U.S. Department of Agriculture of any product to the
exclusion of others which may be suitable.



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

) Sample
Visual prompter on display keyboard Explanation
response

NEED INSTRUCTIONS (YES/NO) YES Prints operating instructions

in response to "YES" input

(fig. 3).

MAP SCALE (FEET/INCH) 400 Enters scale of map being

used.

NUMBER OF SETTINGS 3 Enters the number of settings

required to yard the unit.

AVERAGE PERCENT SLOPE 45 Enters the average ground

slope of the setting; if the

unit is to be yarded with
skylines, enters the average
skyline chord slope.

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

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

DIGITIZE SETTING 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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Figure 3.--Operating instructions for AYD Program 1.
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Figure 4.--Sample of acceptable cursor route
for digitizing complex settings.



EXAMPLE DATA FOR PROGRAM 1

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.

73

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

Figure §.--Irregular-shaped cutting unit.
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Figure 6.--Printed output from example (fig. 5).

Figure 7.--Large unit yarded from two settings.
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Figure 8.--Printed output from example (fig. 7).

OPERATING PROCEDURE FOR PROGRAM 2

This program can be stored on the magnetic tape cassette containing
program 1 and executed as follows:

1.

Press LOAD, 2, EXECUTE.

This loads the program.

Secure unit map to digitizer surface.
Map must contain the needed input data:

--proposed cutting unit outlined;
--landing location(s) marked;
--rear boundary of the skyline corridors marked.

Press RUN, EXECUTE.

--The program's title and the definition of unit types are
printed (fig. 9).

--Next, the program assists the user by requesting input through
visual prompters in the display.

--Continue through entries in table 2 which relate the keyboard
and digitizer inputs to the visual prompters on the computer
display.

EXAMPLE DATA FOR PROGRAM 2

dig
cal
dig

Figures 10 and 12 illustrate timber harvest units which have been
itized with the corresponding printed output from the programed
culator shown by figures 11 and 13. The average time to set up,
itize, and analyze each unit is about 4 minutes.

11
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Figure 9.--Operating instructions for AYD program 2.
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Table 2--Input explanation for average yarding distance, program 2

Sample
Visual prompter on display keyboard Explanation
response
NEED INSTRUCTIONS (YES/NO) YES Prints operating instructions
in response to "YES" input
(fig. 9).
MAP SCALE (FEET/INCH) 400 Enters scale of map being
used.
SKYLINE CHORD SLOPE %; 30 1. Uses this value to
SETTING < calculate the relation-
ship between horizontal
and actual yarding
distance.
1 2. After the last setting

DIGITIZE LANDING <z
NEXT POINT, SETTING <

in the unit is digitized,
enter a value of 1 to
signal for printed unit
summary.

DIGITIZER RESPONSE (fig. 9).

DIGITIZER RESPONSE (fig. 9).

13
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Horizontal scale: ————— = 400 feet
Contour interval: 100 feet
Skyline chord slopes: see figure 11

Figure 10.--Irrvegular unit yarded in fan-shaped pattern.
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Figure 11.-- Printed output from example (fig. 10).
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Setting

Horizontal scale: ——4 =400 feet
Contour interval: 100 feet

Skyline chord slopes: see figure 13

Figure 12.--Unit yarded with a combination of parallel and
fan-shaped settings
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Figure 13.--Printed output from example (fig. 12).
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PROGRAM 1
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PROGRAM 2

PR OGRAN PR D"
GECYRRDIMG DISTAMCE CAYD FOR LATERAL AHD LOMGITUDIHAL YAREDIHGT
COLIE DERD GREOLMDY

EOUHT ART LEAVE STRIE"

i T HE

CHORD

SETTIHG "R

COFRTHT e SETTIMG TR

B S S W & I O I ol

22



HLH L

EGAMTEE DIGITIZED FOTHTS

HATE YARDTHG T
SGALES 1 THOH

TTIMG  TYFE  RY

g .E' " r"Hlll ' . o
Sl F T sl P E RO LG
CTE B R TRES S CF T TREER " ELOFE  DLET. "
] ET

FACH 18D THEM 1818
LR 1ET+E EEN

23



o THER 136

POTHER L1516

24

b Do L B FHID M#L THEHM

RN



s LOHRE T R THER

CTOTRL LR

I Hl TRFL R
AT HY

THEMH 1w

bOTHET 1w




THER 218

26



THEH

FOLIT THE

ERRCE

27



28



DEAD GREOUWT L

1 HITHIF UNIT®
AREA BETWEEH LAMDIHG AHL LUHIT

EFCH el LOCATION

TREEFT OHMDT

GPO 987-751
29



The mission of the PACIFIC NORTHWEST FOREST AND
RANGE EXPERIMENT STATION is to provide the knowl-
edge, technology, and alternatives for present and future
protection, management, and use of forest, range, and related
environments.

Within this overall mission, the Station conducts and
stimulates research to facilitate and to accelerate progress
toward the following goals:

1. Providing safe and efficient technology for inventory,
protection, and use of resources.

2. Developing and evaluating alternative methods and levels
of resource management.

3. Achieving optimum sustained resource productivity
consistent with maintaining a high quality forest
environment.

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

Anchorage, Alaska La Grande, Oregon
Fairbanks, Alaska Portland, Oregon
Juneau, Alaska Olympia, Washington
Bend, Oregon Seattle, Washington
Corvallis, Oregon Wenatchee, Washington

Mailing address: Pacific Nortbwest Forest and Range
Experiment Station
P.O. Box 3141
Portland, Oregon 97208



The FOREST SERVICE of the U.S. Departmeént of Agriculture is dedicated
to the principle of multiple use management of the Nation’s forest resources
for sustained vyields ‘of ‘wood, water, forage, wildlife, and recreation.
Through forestry research, cooperation with the States and private forest
owners, and management of the National Forests and ‘National Grasslands, it
strives — as directed by Congress — to provide increasingly greater service to
a growing Nation.

The U.S. Department of Agriculture is.an Equal Opportunity Employer.
Applicants for all Department programs. will'be given equal consideration
without regard to age, race, color, sex, religion, of national origin.





