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DISPLAY AND MANIPULATION OF INVENTORY DATA

by

R. D. Gale, J. W. Russel and L. E. Siverts

Because of inadequate methods for handling large amounts of complex
data, planning efforts often bog down and fail to meet their objectives.
Many planning projects spend invaluable time collecting unnecessary data
or duplicating that which already exists; at the same time, because of

the data's complexity or volume, planning decisions are often made with-
out using all available, pertinent information.

To test the feasibility of using automated methods for combatting
these problems, the authors attempted to allocate natural resources in
the Canyon Creek area of the Tonto National Forest by using a linear

programming technique. Linear programming requires a clear, detailed
set of management alternatives for the area being analysed. In the

Canyon Creek effort, these were established very early through discus-
sions with Forest Service personnel who had first -hand knowledge of the
area. With the management alternatives clearly stated, the specific data

needs were readily recognized. As the planning process progressed, the
alternatives took on different forms but the data needs remained basi-
cally the same.

Much of the data required for land -use planning is mapped data, or
information which is spatially distributed. There are two basic methods
for simultaneously handling multiple inventories of mapped data. Homo-

geneous units may be developed, or map overlays may be prepared for each
inventory.

With the homogeneous unit method, inventories can either be conducted
anew or existing inventories can be adjusted to fit established homo-
geneous units. Problems involved in using this method include: (1) se-

lecting a unit that is reasonable for all the various inventories; (2) ad-

justing or fitting all inventories to that unit; and (3) selecting the
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proper size units, so that the information in each unit is specific
enough to meet the needs of the analysis yet not so detailed as to
make the task of analysis unnecessarily large.

The map overlay method places each inventory on a transparent
overlay utilizing whatever base is best -suited for that inventory.
In addition to avoiding the problems of the homogeneous unit method,
the overlay method has two additional advantages. First, areas of
conflict where decisions must be made are visually identifiable; and,
secondly, the areas to which each alternative applies can easily be
distinguished. A shortcoming of the transparent overlay technique is
that as the number of overlays increases it becomes proportionately
harder to distinguish areas.

For the Canyon Creek planning, the authors felt that what they
needed was an automated version of the overlay technique, a process
which could handle vast quantities of data; could compute acreages
of units and overlapping units; was capable of identifying areas of
conflict; and was flexible enough to handle changes or additions to
alternatives and inventories. A computerized system, called R3MAP2,
met these needs. The remainder of this paper will describe and dis-
cuss the use of this system.

By using a gridded transparent overlay, mapped inventory data
can be coded and assigned to a cell within a grid system. Once
coded, that information can be fed into a computer, stored, manipu-
lated and retrieved. Two sub -programs allow the user to edit the
coded data before producing a map. Individual cells can be altered
or an entire set of map symbols can be changed. All programs are in
a conversational time share mode making changes easy and rapid.

The main R3MAP2 program produces a map and legend containing
plot symbols, acreages, percentages of areas, and unit descriptions.
Inventories which have been entered into the system may be overlayed
using the subroutine COMBO. The computer keeps track of the composi-
tion of each individual cell as additional inventories are added. A
new map and legend may be produced at any time. Also the user may
suppress certain cells which he does not wish to consider. The latter
feature is particularly useful to the planner in that it allows removal
of information which is not pertinent to a given discussion.

The following example of a theoretical section of land will be
used to illustrate the use of the R3MAP2 system. Figure 1 (next page)
represents the computer output of a soil inventory, the north half
being an unstable soil while the south half is a stable soil. In order
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to produce Figure 1, a soil inventory map would have been coded,
entered into the computer, edited where necessary, and then placed
on permanent dish or tape storage.

EXAMPLE OF R3MAP2 PROGRAM (SOILS INVENTORY)

ONE CELL (1 /30TH SQ. IN.) = 5.3330 ACRES INCHES /MILE = 2.0

MAP REPRESENTATIVE FRACTION = 1/31680.

999999999999999999999999
99NNNNNNNNNNNNNNNNNNNN99
99NNNNNNNNNNNNNNNNNNNN99
99NNNNNNNNNNNNNNNNNNNN99
99NNNNNNNNNNNNNNNNNNNN99
99NNNNNNNNNNNNNNNNNNNN99
99NNNNNNNNNNNNNNNNNNNN99
99SSSSSSSSSSSSSSSSSSSS99
99SSSSSSSSSSSSSSSSSSSS99
99SSSSSSSSSSSSSSSSSSSS99
99SSSSSSSSSSSSSSSSSSSS99
99SSSSSSSSSSSSSSSSSSSS99
99SSSSSSSSSSSSSSSSSSSS99
999999999999999999999999

SUMMARY OF PLOT SYMBOLS

PLOT ACRES PERCENT PLOT SYMBOL
SYMBOL DESCRIPTION

NN 320.0 50.0 UNSTABLE SOIL
SS 320.0 50.0 STABLE SOIL
99 0.0 0.0 BOUNDARY SYMBOL

TOTAL ACRES 640.0

Figure 1
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Similiarly, Figure 2 represents a vegetative inventory, with
the west half being a grassland vegetation and the east half a pine
forest type. All inventories are surrounded by a series of 99 sym-
bols to signify the map area boundary. The boundaries for all in-
ventories must coincide before they can be overlayed by the computer.

EXAMPLE OF R3MAP2 PROGRAM (VEGETATION INVENTORY)

ONE CELL (1 /30TH SQ. IN.) = 5.330 ACRES INCHES /MILE = 2.0
MAP REPRESENTATIVE FRACTION = 1/31680.

999999999999999999999999
99 EEEEEEEEE99
99WWWWWWWWWWEEEEEEEEEE99
99 EEEEEEEEEE99
99WWWWWWWWWWEEEEEEEEEE99
99 EEEEEEEEEE99
99WWWWWWWWWWEEEEEEEEEE99
99WWWWWWWWWWEEEEEEEEEE99
99WWWWWWWWWWEEEEEEEEEE99
99WWWWWWWWWWEEEEEEEEEE99
99kry7WWWWWWWWEEEEEEEEEE99
99 EEEEEEEEEE99
99tiWWWWWWWWWEEEEEEEEEE99
999999999999999999999999

SUMMARY OF PLOT SYMBOLS

PLOT PLOT SYMBOL
SYMBOLS ACRES PERCENT DESCRIPTION

WW 320.0 50.0 GRASSLAND VEG.
EE 320.0 50.0 PINE TYPE VEG.
99 0.0 0.0 BOUNDARY SYMBOLS

TOTAL ACRES 640.0

Figure 2
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In Figure 3, we see the map output and legend which results
when the inventories in Figures 1 and 2 are combined. Note that
the combination of the two inventories produces four new units of
160 acres each. The computer automatically assigns new symbols to
these units. The first unit indicated by .. symbols is composed
of portions of two previous units: the NN unit (or unstable soils
unit from Figure 1) and the WW unit (or grassland vegetation unit
from Figure 2). Similiarly, the composition and acreage of the
remaining three units can be derived. A description of the unit can
also be added if desired.

EXAMPLE OF R3MAP2 PROGRAM

(COMBINED SOIL AND VEGETATION INVENTORY)

ONE CELL (1 /30TH SQ. IN.) = 5.330 ACRES INCHES /MILE = 2.0

MAP REPRESENTATIVE FRACTION = 1/31680.

999999999999999999999999
99 99

99 99

99 - - - - -99
99 - - - - -99
99 - - - - -99
99 - - - - -99
99.(.(.(.(.(./. /./././99
99.(.(.(.(.(./. /./././99
99.(.(.(.(.(./. /./././99
99.(.(.(.(.(./. /./././99
99.(.(.(.(.(./. /./././99
99.(.(.(.(.(./. /./././99
999999999999999999999999

SUMMARY OF PLOT SYMBOLS

PLOT
SYMBOLS SOIL VEGETATION ACRES

NN WW 160.0
.- NN EE 160.0
.( SS WW 160.0
./ SS EE 160.0

99 0.0

TOTAL ACRES 640.0

Figure 3
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A third inventory, shown in Figure 4, represents a general
slope map with the top left portion being a steep topography and
the bottom right portion a generally flat area. Any size map can
be entered into the system, but all must first be reduced to the
same scale if they are to be combined with other maps.

EXAMPLE OF R3MAP2 PROGRAM (SLOPE)

ONE CELL (1 /30TH SQ. IN.) = 5.330 ACRES INCHES /MILE = 2.0
MAP REPRESENTATIVE FRACTION = 1/31680.

999999999999999999999999
99TLTLTLTLTLTLTLTLTLTL99
99TLTLTLTLTLTLTLTLTLTL99
99TLTLTLTLTLTLTLTLBRBR99
99TLTLTLTLTLTLTLTLBRBR99
99TLTLTLTLTLTLBRBRBRBR99
99TLTLTLTLTLTLBRBRBRBR99
99TLTLTLTLBRBRBRBRBRBR99
99TLTLTLTLBRBRBRBRBRBR99
99TLTLBRBRBRBRBRBRBRBR99
99TLTLBRBRBRBRBRBRBRBR99
99BRBRBRBRBRBRBRBRBRBR99
99BRBRBRBRBRBRBRBRBRBR99
999999999999999999999999

SUMMARY OF PLOT SYMBOLS

PLOT PLOT SYMBOL
SYMBOLS ACRES PERCENT DESCRIPTION

TL 320.0 50.0 STEEP

BR 320.0 50.0 FLAT

99 0.0 0.0 BOUNDARY SYMBOLS

TOTAL ACRES = 640.0

Figure 4

253



The final combination, or super -combination map, appears in
Figure 5. This super -combination map contains six units. In four of

these units, plot symbols used in previous figures are reassigned.
For example, the computer has assigned the same plot symbol .. to the

upper left corner unit as was used for the unit occupying that location
in Figure 3. A new symbol could have been designated for that unit if
desired. The composition of the .. unit is now steep terrain, unstable
soils, and grassland vegetation. This can be determined from the map
legend either by looking at the written description or at the symbols
listed to the right of the .. symbol.

EXAMPLE OF R3MAP2 PROGRAM

(COMBINATION OF VEGETATION, SOILS, SLOPE)

ONE CELL (1 /30TH SQ. IN.) = 5.330 ACRES INCHES /MILE = 2.0

MAP REPRESENTATIVE FRACTION = 1/31680.

999999999999999999999999
99 - - - - -99
99 - - - - -99
99 - - - ( (99

99 - - - ( (99

99 - ( ( ( (99
99 - ( ( ( (99

99././././. &. *. *. *. *. *99

99././././. &. *. *. *. *. *99

99././. &. &. &. *. *. *. *. *99

99././. &. &. &. *. *. *. *. *99

99. &. &. &. &. &. *. *. *. *. *99

99. &. &. &. &. &. *. *. *. *. *99

PLOT

999999999999999999999999

SUMMARY OF PLOT SYMBOLS

SYMBOLS SLOPE SOIL VEG. ACRES DESCRIPTION

TL NN WW 160.0 STEEP, UNSTABLE, GRASSLAND

.- TL NN EE 96.0 STEEP, UNSTABLE, PINE

.( BR NN EE 64.0 FLAT, UNSTABLE, PINE

./ TL SS WW 64.0 STEEP, STABLE, GRASSLAND

.& BR SS WW 96.0 FLAT, STABLE, GRASSLAND

.* BR SS EE 160.0 FLAT, STABLE, PINE

TOTAL ACRES = 640.0

Figure 5
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With all of the mapped data stored in the system by cells, we
are now able to extract that information which relates to specific
management situations or alternatives. The alternatives would have
been constructed prior to the inventory stage and possibly modified
as the plan developed. For our theoretical section of land, two
management alternatives have been constructed.

Alternative 1 is to harvest the merchantable timber by conventional
techniques leaving approximately one -third of the merchantable timber
acreage for wildlife purposes. Alternative 2 is to harvest all
merchantable timber, using experimental balloon logging techniques on
steep terrain. Alternative 2, in addition, calls for a range improve-
ment project on suitable (stable soil) grasslands.

By scanning the plot symbols and their composition in the super -
combination legend (Figure 5), we can select those units which apply
to the respective alternatives. All units will not be applicable
to the particular alternatives proposed; some units may be combined
because the differences in their composition are not significant in re-
lation to the alternatives being considered.

Keeping Alternative 1 in mind and referring to the legend in
Figure 5, we see that the .. unit does not contain any trees. For this
reason, it is not relevant to Alternative 1. Unit .- contains steep
terrain and will not meet the requirements for a conventional timber
harvest. Therefore, it also is not relevant to Alternative 1. Unit .(
contains timber but is on unstable soil. It can be harvested but at a
restrained level; or it could be used to meet Alternative l's wildlife
requirements. Because .( is applicable to the alternative, we will ex-
tract it as a new unit assigning it a new symbol, AA. The next two
symbols we see in the legend are ./ and . &. They also do not contain
trees and therefore are not applicable. The last symbol in the map
Legend is . *. This unit meets the requirements of Alternative 1 and can
be harvested at the normal sustained yield level. It will be redesignated
as unit BB .

Having gone through the list of units with Alternative 1, we now
take Alternative 2 and repeat the procedure. Unit .. in Figure 5 again
does not apply. Unit .- although not feasibly logged by conventional
techniques may be harvested using the balloon technique. It will
probably yield at a different level from AA or BB and different consi-
deration will need to be given to it. We will, therefore, consider it
as an additional new unit called CC. Unit .( applies to Alternative 2
as well as to 1. It has already be redesignated AA. Units ./ and .&
both meet the requirements for a range improvement project. If we assume
that their differences will not affect the treatment, we can lump them
together into one new unit, DD. The last unit .* again applies both to
Alternatives 1 and 2 and has already been designated BB.
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If we now look at Figure 6, we see the resulting allocation map
and legend. This allocation map contains the redesignated units, or
those which are needed for an analysis of the stated management alter-
natives. In the area which appears blank, management is considered fixed
in terms of the proposed alternatives.

EXAMPLE OF R3MAP2 PROGRAM

(COMBINATION OF VEGETATION, SOILS, SLOPE)

ONE CELL (1 /30TH SQ. IN.) = 5.330 ACRES INCHES /MILE = 2.0

MAP REPRESENTATIVE FRACTION = 1/31680.

999999999999999999999999
99 CCCCCCCCCC99
99 CCCCCCCCCC99
99 CCCCCCAAAA99
99 CCCCCCAAAA99
99 CCAAAAAAAA99
99 CCAAAAAAAA99
99DDDDDDDDDDBBBBBBBBBB99
99DDDDDDDDDDBBBBBBBBBB99
99DDDDDDDDDDBBBBBBBBBB99
99DDDDDDDDDDBBBBBBBBBB99
99DDDDDDDDDDBBBBBBBBBB99
99DDDDDDDDDDBBBBBBBBBB99
999999999999999999999999

SUMMARY OF PLOT SYMBOLS

PLOT
SYMBOLS ACRES DESCRIPTION

AA 64.0 RESTRAINED TIMBER HARVEST OR WILDLIFE USE
BB 160.0 NORMAL SUSTAINED YIELD TIMBER HARVEST
CC 96.0 BALLOON LOGGING
DD 160.0 RANGE IMPROVEMENT

160.0 BLANK

TOTAL ACRES = 640.0

Figure 6
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Comparing the allocation map (Figure 6) to the super- combination

map (Figure 5), we find that the total number of units has been reduced.
In addition, each of the units as they appear in the allocation map can
be related directly to a portion of a management alternative.

In summary, the R3MAP2 system simplifies the planning process by
eliminating areas which are not pertinent to decisions to be made. It

produces units which relate directly to management alternatives and
supplies their respective acreages. In addition, it makes apparent those
areas where management alternatives conflict, that is where more than one
use has been proposed.

By applying the techniques and rational discussed in this paper
to the Canyon Creek Study, the authors were able, with five alternatives,
to reduce 68 super- combination units to only nine allocation units. The

allocation map legend contained the acreages, by allocation units, neces-
sary for developing coefficients used in setting up a linear program

analysis. The information provided by the allocation map and legend could
also be used for less sophisticated analysis where it is desirable to
know the number of acres of a certain resource or ecosystem.
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