Chapter 4

Characterizing
individual locations

In the first major group of data-interpretation operations are those that compute a new value for each location on a layer
as a function of existing data explicitly associated with that location. The data to be processed by these operations may
include any one or more of the zonal values associated with each location. This gives rise to a useful distinction between

O operations that generate new values as a function of existing values on a single layer, and

O operations that generate new values as a function of existing values on two or more layers.
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Chapter 4

4-1 Functions of a single value

Operations in the first of these two groups
compute values as illustrated in figure 4-1.
Each calculates a new value for every loca-
tion as a specified function of that location’s
value on a single existing layer.

Among the operations in this group are

m  LocalClassification and
= LocalCalculation.

Figure 4-1 Functions of single values asso-
ciated with individual locations. Operations
LocalClassification and LocalCalculation can be
used to generate a new layer (bottom) on which
the new value for any given location (white dot)
is computed as a specified function of that loca-
tion’s value on an existing layer (top).

Figure 4-2 A map layer created using the
LocalClassification operation. PondZone is a
layer depicting locations that lie close, but not
too close, to ponds. In the lower left corner,
PondZone is depicted as a three-dimensional
surface. This layer was created by subjecting
DistanceToNearestPond (figure |-2) to

PondZone = LocalClassification
of DistanceToNearestPond
setting ... 250 to 0
setting 250 ... 750 to 1
setting 750 ... to 0
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The LocalClassification operation

To replace a set of recorded values with an explicitly spec-
ified set of new values is a fundamental capability that can
be found in just about any type of data-processing system.

»

The process is variously referred to as “recoding,’ “reclas-
sifying” or “transforming through look-up tables” In the
present context, it involves generating a new map layer
on which each location is set to a value that has been
assigned to its zone on an existing layer. This is done by
way of an operation called LocalClassification. An exam-
ple of this operation is presented in figure 4-2. Here,
LocalClassification has been used to characterize each
location as “good” or “bad” according to its proximity to
the nearest pond.

The generic statement for this operation is specified as

NEWLAYER = LocalClassification of 1STLAYER
[setting 1STZONES to NEWVALUE] ETC.

where each location’s NEWLAYER value is ultimately
defined by its latest NEWVALUE assignment.

LocalClassification is one of the most flexible and direct
ways of interpreting local values. As such, it finds frequent
use in connection with attempts to aggregate, isolate,
weight, or otherwise express judgment concerning local
conditions.

Characterizing individual locations

The LocalCalculation operation

Often, the relationship between a set of values represent-
ing zones and a set of new values to be assigned to those
zones is systematic enough to be expressed in the form of
amathematical function. To provide this type of capability,
we introduce an operation that, like LocalClassification,
transforms the values of an existing layer on a zone-by-
zone basis. Unlike LocalClassification, however, this
operation does not require that each new value be speci-
fied explicitly. Instead, each zone’s new value is computed
as a mathematical function of its existing value. The use of
such mathematical functions generally requires that these
values be defined with respect to ratio, interval, or ordinal
scales of measurement.

In one such group of operations are those that transform
the values of an existing layer by computing a simple arith-
metic function of each value using a specified constant.
Consider, for example, the PondGradient layer presented
in figure 4-3. Here, a LocalCalculation operation has been
used to reverse the sequence of increasing PondDistance
values after they reach 500 meters from the nearest pond.

Unless you are absolutely clear about how and why the
procedure described in figure 4-3 works, please examine
it more closely. Most of the figures to follow also warrant
this kind of examination and will call for consultation with
the appendix.

As described in the appendix, LocalCalculation offers
a number of additional arithmetic functions of a single
value, and it represents them by employing familiar alge-
braic notation. While these functions could just as easily
have been packaged as separate operations with such
names as LocalSum or LocalAbsoluteValue, they have
instead been brought together in this format in order to
employ familiar notation and to maintain conceptual

clarity.
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Among the additional functions of
LocalCalculation are those that calculate
the sines, cosines, tangents, arc sines, arc
cosines, and arc tangents of input values
assumed to represent angles expressed in
degrees. In figure 4-4, for example, is another
layer on which each location has been set toa
function of its pond-proximity value.

Trigonometric functions are generally used
in cartographic models to deal with angu-
lar measurements, such as those associated
with compass directions, topographic rela-
tionships, lines of sight, and cartographic
projection systems. These functions are also
used to characterize cyclical variations over
time and/or space, such as those associated
with climatic patterns, geomorphological
processes, and biological or social activity.

Figure 4-3 A map layer created using the
LocalCalculation and LocalMinimum opera-
tions. PondGradient is a layer on which locations
are set to values that increase and then decrease
with distance from the nearest pond. In the
lower left corner, PondGradient is depicted as
a three-dimensional surface. This layer was cre-
ated by subjecting DistanceToNearestPond
(figure 1-2) to

PondGradient = LocalCalculation of 500
- Abs (DistanceToNearestPond - 500)
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Additional functions of a single value

General-purpose programming languages
and statistical software packages often fea-
ture other mathematical functions of a single
variable as well. These can include rounding
and truncation functions, modular differ-
ences, factorials, exponentials, logarithms,
probability functions, and so on. The degree
to which such additional functions should be
represented in a repertoire of cartographic
modeling operations generally depends on
how frequently those functions are likely
to be used and how well they can be repli-
cated, if at all, by combining more primitive
operations.

Figure 4-4 A layer created using the Cos
function of the LocalCalculation operation.
PondCurve is a layer on which locations are
set to values that increase and then decrease
with distance from the nearest pond but do
so at nonlinear rates. In the lower left corner,
PondCurve is depicted as a three-dimensional
surface. This layer was created by subjecting
DistanceToNearestPond (figure I-2) to

CappedDistance = LocalClassification
of DistanceToNearestPond
setting 1000 ... to 1000

PondCurve = LocalCalculation
of Cos (CappedDistance
*3.1416 / 500) - 3.1416
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4-2 Functions of multiple values

In the second group of operations characterizing individ-
ual locations are those that compute a new value for each
location as a specified function of its existing values on
two or more map layers. This is done as illustrated in figure
4-5. The process is sometimes referred to as “compositing,’
‘overlaying,” or “superimposing.’

Similarities and differences among these operations
suggest that they be grouped and introduced in the fol-
lowing order:

LocalClassification,

LocalCombination,

LocalVariety,

LocalMajority and LocalMinority,
LocalMaximum and LocalMinimum, and
LocalCalculation, LocalArcTangent,
and LocalMean.

Figure 4-5 Functions of multiple values associated with indi-
vidual locations. Operations LocalArcTangent, LocalCalculation,
LocalClassification, LocalCombination, LocalMajority, Local-
Maximum, LocalMinimum, LocalMinority, LocalMean, and
LocalVariety can all be used to generate a new layer (bottom)
on which the new value for any given location (white dot) is
computed as a specified function of that location’s values on
two or more existing layers (above).
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The LocalClassification operation

To characterize locations in terms of values from two or
more layers calls for processing capabilities that can be
viewed as extensions of operations already introduced.
Consider, for example, a version of LocalClassification in
which the new values to be assigned to zones are specified
not as constants but as variables. This can be done by set-
ting each location in a designated zone to its existing value
on a specified layer.

An example of this is shown in figure 4-6, in which a
new layer entitled OffroadVegetation has been gener-
ated. Here, locations within Development zones 1 and
2 (Major Road and Minor Road) are set to a value of
-0, while those within Development zones 0, 3, 4, or 5
(Vacant Land, House, Public Building, or Cemetery)
are set to the values of those locations on the Vegetation
layer.

This form of the LocalClassification operation is speci-
fied as

NEWLAYER = LocalClassification
of 1STLAYER
[setting 1STZONES
to 2NDLAYER] ETC.

where 2NDLAYER is the title of an existing layer from
which each location’s new value is to be drawn.

Another variation on LocalClassification that can be
used to characterize locations in terms of their values on
two or more layers is given as

NEWLAYER = LocalClassification
of 1STLAYER [and NEXTLAYER] ETC.
[setting 1TSTZONES [on NEXTZONES] ETC.
to NEWVALUE] ETC.

This provides for the assignment of new values not to indi-
vidual zones but to locations where two or more zones
coincide.
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Figure 4-6 A map layer created using
the LocalClassification operation to assign
values from one existing map layer to another.
OffroadVegetation is a layer on which each
location’s value indicates whether it lies on
a road and, if not, what type of vegetation it
contains. This layer was created by subject-
ing Development (figure 1-12) and Vegetation
(figure 1-11) to

o

Development Vegetation

OffroadVegetation = LocalClassification
of Development
setting 12 to -0
setting 0 3 4 5 to Vegetation
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Figure 4-7 presents an example in which a
new layer entitled DryOffroadVegetation
hasbeen generated. Here, all locations are ini-
tially set to -0, but those with Development
values of 0, 3, 4, or 5 that occur in the
Hydrology zone labeled Dry Land are
then set to the Vegetation values of those
locations.

This form of LocalClassification is espe-
cially important for situations in which rules
of combination cannot be expressed in the
generalized form of a mathematical function.
Such is often the case when values to be com-
bined relate to only a nominal scale.

The LocalCombination operation

With the LocalClassification operation, any
new value can be assigned to any local com-
bination of zones. As indicated earlier, how-
ever, there are practical limitations on the
amount of data that can be handled in this
manner. To combine just two layers with five
zones apiece could require as many as five
times five, or 25 explicit specifications. With
a third layer of five zones, this would grow to
five times five times five, or 125.

Figure 4-7 A map layer created using the
LocalClassification operation to combine three
existing layers. DryOffroadVegetation is a layer
on which each location in the Brown'’s Pond study
area is set to its Vegetation value, but only if it
exhibits a particular combination of values from
the Development and Hydrology layers. This
layer was created by subjecting Development
(figure 1-12), Hydrology (figure 1-10), and
Vegetation (figure 1-11) to

DryOffroadVegetation = LocalClassification
of Development and Hydrology
setting ... on ... to -0
setting 0 3 4 5 on "Dry Land" to Vegetation
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