
Introductionöbuffer analysis in GIS
Buffering is one of the most commonly used proximity techniques in GIS, because
distance constraint is a major concern in many types of spatial-analysis applications,
such as emergency preparedness, business development, and school districting. A
buffer is a zone with a specified distance surrounding a spatial feature, and the process
of creating a buffer is called buffering. Among the many buffering methods, distance-
based buffering is the simplest. This paper introduces an alternative, shape-based
buffering, which is a buffer generation method conformal to polygon constraint.

Types of buffer analysis and applications
Buffers can be categorized as simple, compound, or nested (Bolstad, 2005). Simple buffers
can be classified as fixed-distance versus variable-distance, and as isotropic versus
anisotropic. A fixed-distance buffer applies one or more fixed distance parameters to
all features, and a variable-distance buffer applies varied distance parameters to differ-
ent features. An isotropic buffer applies the same distance in all directions around any
individual feature, while an anisotropic buffer dilates by different distances in different
directions. Fixed-distance buffers and variable-distance buffers may be isotropic or
anisotropic. Many existing buffer operations are isotropic. Figure 1 differentiates the
four categories of buffer. GIS applications can be found for each of the categories in
figure 1. We review some examples.

Isotropic fixed-distance buffering is the simplest and most straightforward type of
buffering technique. It has been used, for example, to depict uniform half-mile buffers
which serve as the trading areas of all supermarkets in Leeds (UK) city postal sectors.
The simple `buffer and overlay' method is then compared with a more sophisticated
spatial interaction model to plan for retail-store locations (Benoit and Clarke, 1997). In
Sydney, Australia, it was used to define areas subject to disaster risk, first by delineat-
ing a 100m buffer zone on both sides of residential streets to define the residential
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land-use area, then using this output as the input for a catastrophe loss-estimation
model (Chen et al, 2004). Another example of its application is the identification of
environmental features which influence the distribution of paramphistomosis (a rumen
fluke) in sheep in the southern Italian Apennines. Here, 3 km buffer zones centered on
each of the 197 farms in the subject region are used as templates to collect environ-
mental variables such as vegetation index, land cover, elevation, slope, aspect, and
total length of waterways, combined with field data collected by veterinarians. This
buffer-zone data-compilation method has proved to be a simple but effective way to
test the statistical significance of environmental variables with respect to a farm's
infection status (Cringoli, et al, 2004). To predict average concentrations of traffic-
related air pollutants, fixed-distance buffer zones ranging from 100m to 10 km are
sampled to aggregate traffic flow with measurements of pollutants. A buffer distance
of 1km is chosen for explaining small-scale (local) variations, and a buffer distance of
3 km or more is used for large-scale (urban and surrounding rural area) predictions
(Hochadel et al, 2006). Other examples of isotropic fixed-distance buffer applications
include studies of the impact zones of amphibian species in Stockholm (Lo« fvenhaft
et al, 2004), the measurement of loon mercury levels (Kramar et al, 2005), riparian
zones for non-point-source pollution (Narumalani et al, 1997), influencing areas of
environmental epidemiological processes (Vine et al, 1998), the unequal relationship
between the built environment and health disparities in physical activity and obesity
(Gordon-Larsen et al, 2006), accuracy assessment of georeferencing errors for lateral
channel movements (Hughes et al, 2006), subgroup definition of small mammals from
point sampling (Pocock et al, 2003), the involvement of herbivory and bush products
in the spatial distribution of savanna types (Ringrose et al, 1996), and water quality
monitoring in urban areas (Yin et al, 2005).

Isotropic variable-distance buffering assumes that the buffer will be developed
equally in all specified directions; however, the buffer distance is not uniform for every
feature, but is assigned, based on the value of a variable. The variable could be, for
example, the capacity of a hospital or the spread speed of a chemical release. To study
the uncertainty in potential-connectivity analysis of red squirrels in a fragmented land-
scape, a variable-distance buffer based on the friction values of a fuzzy set was compared
with a traditional fixed-distance 1km Boolean buffer (De Genst et al, 2001). To assess
government health service use in Kenya by children with fevers, a variable-distance
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Figure 1. Types of simple point buffers.
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buffer based on Thiessen polygon areas was created to study catchment areas and reduce
overlaps (Gething et al, 2004). To explore the spatial patterns of asthma and air pollution
in Bronx, New York, in the context of environmental justice, a combined four-layer
buffer (toxics-release inventory, stationary-point-source pollution, major truck routes,
and limited access highway) was created on the basis of different geometric shapes and
distances (Maantay, 2007). Other applications of this type include evaluating the impact
of airborne toxic releases on populations with special needs (Chakraborty and
Armstrong, 2001), and highway noise mitigation for environmental justice (Chakraborty
et al, 1999).

Anisotropic fixed-distance buffering is a variant of isotropic fixed-distance buffer-
ing. These buffers have direction sensitivity; that is, for each feature, the buffer has a
different distance in a different direction. However, buffer distance for each direction is
a fixed value for all features. A good example of anisotropic fixed-distance buffering
is a fire-spreading process based on wind speed when the landscape and fuel (vegetation
type) are uniform in the simulation space. Wind speed in each direction determines
buffer distance at any point in time. Applications of such simulations include wildlife
evacuation-trigger buffering (Cova et al, 2005) and urban fire-hazard modeling for
emergency preparedness (Radke, 1995; Radke et al, 2000).

Anisotropic variable-distance buffering aims to handle more realistic situations.
Many buffers in the real world are not simple geometric shapes, but rather are derived
from environmental interactions or expert input based on knowledge of the study
area's topography, soil, land use, property ownership, and other factors. For example,
GIS-based riparian buffer analyses were conducted on North Carolina watersheds to
delineate variable-distance buffers through the injection into the model of environ-
mental or expert information such as soil, slope, vegetation, and scenic quality (Xiang,
1993; 1996; 1998; Xiang and Stratton, 1996). Buffering was applied to the delineation of
biosphere reserves in New Jersey Pinelands based on the theory of island biogeogra-
phy, according to which, ecosystem management can be operated by identifying core
areas of high ecological value, and surrounding them with protective buffers (Walker
and Solecki, 1999).

In many urban planning applications, the simple GIS applications of the buffer
(isotropic and fixed-distance) and overlay approach can only initiate the modeling of
spatial competition among factors. More sophisticated measurements, such as poten-
tial values, potential coefficients, fuzzy choice value, and land use, are required to
improve such access modeling. The final form of the outcomes is often anisotropic
with varied distances (De Jong and Ritsema van Eck, 1996). To assess the effective-
ness of a protected area in southeast Mexico, for example, the standard buffer area
(fixed-distance) was compared with a similar variable-distance buffer area which
included environmental variables. The results show the standard fixed-distance method
overestimates the protective power of the resulting buffer area (Mas, 2005).

The shape-based buffering introduced in this paper differs from the buffering
methods described above, and is characterized as anisotropic and variable-distance.
I outline below the necessity of, and motivation for, the development of such a buffering
method.

Opportunities and constraints in buffer analysis
The various buffering techniques used in spatial-data analysis each have advantages
and drawbacks. For instance, in a water-quality analysis, water-chemistry variables
are found to be better correlated with buffer zones than with entire catchment areas
(Sliva and Williams, 2001). In GIS applications, the buffer technique has proven more
effective than length and area methods in the context of sketch-map analysis, where the
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conformal (shape-preserved) requirement is critical (Okamoto et al, 2004). To overcome
the limitations of fixed-distance buffers and simple geometrically overlaid buffers, a
mutually exclusive and linked on ^ off network method is created to improve buffer
analysis of complex network features (Upchurch et al, 2004). A buffer definition based
on an accessibility surface, a minimal cumulative resistant (MCR) surface, is con-
structed by connecting equal MCR contour lines. Such an approach can help to
identify security patterns in landscape ecological planning (Yu, 1996). Alternative
methods of buffer formation have been proposed in order to overcome the shortcom-
ings of proximity buffers (equivalent to the distance-based buffers discussed in this
paper) in many GIScience research papers (Pereira, 2004).

In many situations buffering is constrained by boundaries, such as physical and
social regions. Voronoi diagrams (or Thiessen polygons) are often used in location-
allocation analysis to assign service or influence areas for point data. The buffer and
overlay approach is often coupled with the Voronoi method to analyze the accessibility
of geographical locations. Reliance on this approach, however, has limitations and
drawbacks, such as overlooking transportation networks and natural or manmade
barriers, assuming equal weighting within a Voronoi diagram or an assigned buffer
zone, ignoring competition with established services, and disregarding the capacity
level of services (De Jong and Ritsema van Eck, 1996). Four types of error indicators
in vector-based buffer analysis have been identified and statistically examinedöthe
error of commission, the error of omission, the discrepant area, and the normalized
discrepant area (Shi et al, 2003).

Buffering and the Voronoi diagram are fundamentally related. Assuming a set of
points follows an isotropic fixed-distance buffering process, the buffers can meet
eventually and delineate the resulting space as Voronoi diagrams of the point set, as
shown in figure 2(a). The assumption in such a process is that any location will be
assigned to the closest buffer zone, which is equivalent to the concept behind the
ordinary Voronoi diagram. The Voronoi diagram provides the most intuitive approach
for assigning influence regions for points, especially when the underlying process and
boundary information are not available. If we accept the Voronoi diagram as the final
space assignment of a set of points, and given that the isotropic fixed-distance buffer-
growing process begins simultaneously from each point, then there exists a conceptual
problem of simultaneity. Why are the boundaries of Voronoi polygons not formed at
the same time [in figure 2(a), the number of buffer rings is not the same for each
polygon or for each direction]? Given the simplicity and limitations of Voronoi dia-
grams, I propose a shape-based buffering method to address the conceptual question
of simultaneity.

A shape-based buffering method
A variation of Voronoi diagrams with V-distances
In the family of Voronoi diagrams, the planar ordinary Voronoi diagram (or Thiessen
polygon) has very restrictive requirements for point location, weight rules for assignment
or growth, and space [usually two dimensional (2D)]. Relaxing any one requirement will
yield generalized Voronoi diagrams. Conventionally, an assignment rule used to general-
ize a Voronoi diagram is called a V-assignment rule, and the distance between any point
in the space and its assigned Voronoi generator point is called the V-distance. Therefore,
`̀ we can define a generalized Voronoi diagram with any distance as long as the distance is
a V-distance'' (Okabe et al, 2000, page 189). To develop a shape-based buffering method,
I use the shape of Voronoi polygons as a starting point. Later, we show that the shape
can be modified to any convex shape. I consider our method to be a variation of
Voronoi diagrams with V-distances, particularly the subtype with convex distance.
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A Voronoi diagram with convex distance is a particular type of the generic
V-distance Voronoi diagram. In a 2D space (figure 3), let C be an arbitrary convex
figure (for example, a triangle), o the origin of the coordinate system, p a fixed point
(for instance, a generator point in a Voronoi diagram), pi any point in the space, and l
the scaling factor (l > 0), which scales C up or down concentrically. The notation Cp

implies the reference point of C (say, the interior point of a triangle) is placed at p,
and Co is the standard position of Cp . The scaled up (down) convex figure can
be represented as Cp l . The convex distance between points p and pi , dconv ( p, pi ),
is defined as the minimum value of l to include pi in Cp l . Mathematically,
dconv ( p, pi ) is defined by

dconv � p, pi � � minflj pi 2 Cp l , l > 0g . (1)

Expanding the definition of the convex distance between points, other formats of the
convex distance can be defined, such as dconv from a point to a polygon, and dconv from
a polygon to a polygon (Okabe et al, 2000).

The uniqueness of the convex distances derives from the transformation of the dis-
tance measurement to a ratio of l.When the convex shape is a circle, the convex distance
becomes the Euclidean distance. The choice of other shapes, such as an ellipse or a
triangle, broadens the use of Voronoi diagrams with V-distances to applications such as
robot motion planning.

The shape-based buffering method is inspired by the Voronoi diagram with convex
distance and is developed under the following circumstancesöthe choice of the
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Figure 2. Comparison between Voronoi diagrams for (a) isotropic distance-based buffers and
(b) shape-based buffers.
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convex shape varies for each generator point, the shapes exist a priori (for example,
predetermined by the ordinary planar Voronoi diagram), and the scaling factor l is a
percentage ranging from zero to one hundred. Details are discussed below.

Construction of shape-based buffers
Figure 2 demonstrates the conceptual idea behind shape-based buffering using Voronoi
polygons. There are thirty generator points in the dataset. The boundaries of the
Voronoi diagram, the polygons, are shown in solid black lines. The edge polygons (in
gray) are masked out to eliminate the uncertainty caused by edge effects. Figure 2(a)
shows an isotropic fixed-distance buffering. The width of each ring is 1m. The buffers
have between five and twenty-one rings before reaching the boundary of the Voronoi
diagram. Following this buffering process, the boundaries do not form simultaneously.
Figure 2(b) shows a design of the shape-based buffers. The buffers do not grow
symmetrically. Instead, the Voronoi diagram predetermines the shape of the buffers.
The buffers grow unevenly in different directions. In this example, each buffer grows
at 10% increments in different directions, that is, Dl � 10%. At the tenth step, all
buffers reach the Voronoi boundaries. This method is designed to satisfy three
assumptionsöall points exist from the beginning, any location in the space belongs
to a buffer zone closest to one (or more) generator point(s), and all Voronoi bounda-
ries are formed simultaneously. Addressing the earlier discussion of the opportunities
and constraints of buffer analysis, the first two assumptions are designed to take
advantage of the simplicity of Voronoi diagrams, and the third assumption is crafted
to address the problem of simultaneity. Compared with isotropic fixed-distance buffer-
ing, shape-based buffering is shape-conformal (eg, Voronoi polygons), anisotropic, and
defined using relative distances (percentages) instead of real units (eg, meters).

After the conceptual model is designed, the construction of the shape-based point
buffers is mathematically straightforward. In figure 4, let g be a generator point, and ni
(i � 1, 2, . . . , n) any vertex point of the Voronoi polygon Vg of g. Vg has a total of n
vertices. Let Bg be a shape-based buffer of point g. Since Bg is conformal to Vg it also has

pi

p

C
p 1

Cp; l

Co

,

Figure 3. Convex distances specified by a triangle (permission granted: revised from figure 3.7.7
on page 195 of Okabe, 2000).
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n vertices. bi is the vertex point of Bg corresponding to ni. Let l be the buffer percentage
of the shape-based buffer Bg , that is, the ratio of buffer distance between this particular
shape-based buffer Bg (dark gray shaded area in figure 4) and Vg , and l 2 [0, 100].

Let xpoint , ypoint be the (x, y) coordinates of a point, and gbi and gni the lengths of
the line segments whose end points are g and bi and g and ni , respectively. For a given
buffer percentage l � gbi= gni , the coordinates of vertex bi of the shape-based buffer
polygon Bg are

xbi
� xg � l�xni ÿ xg �, and ybi � yg � l� yni ÿ yg � � 1, 2, . . . , n . (2)

The shape-based buffer Bg can be constructed by connecting b1 to b2 to . . . bn. The
general construction procedure is summarized below.
1. Determine the shape of the buffers (in this example, construct the ordinary planar
Voronoi diagram) for a set of known points.
2. For a given buffer percentage l, calculate a set of buffered vertices for each
generator point g using equation (2).
3. Build a shape-based buffer polygon Bg from the buffered vertices.
4. Repeat the previous two steps if multiple-ring buffers are desired.

Taking the opposite perspective, any given location a within a Voronoi polygon can
be calculated to lie within l-percent of the shape-based buffer (figure 4). Connect
points g and a , extrapolate the line segment to the boundary of the closest Voronoi
polygon giving intersection point h.

l � xa ÿ xg

xh ÿ xg

, l � ya ÿ yg
yh ÿ yg

, and l � ga

gh
. (3)

By derivation, the area ratio of the shape-based buffer Bg to the Voronoi polygon
Vg can be calculated from their ratio of buffer distance l. Let A be the area value of a
polygon.

ABg

AVg

� l2 . (4)

Implementation of shape-based buffers
A Visual Basic for Applications (VBA) program is developed within ArcMap2 to
implement automatically the shape-based buffering process. The interface of the

Generator points

Voronoi vertices

Voronoi diagrams (polygons)

Shape-based buffers

h

a

g

bi

ni

Bg

Vg

Figure 4. Constructing a shape-based point buffer.
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program is shown in figure 5. The interface is designed using Voronoi polygons as
the shapes, but the utility of the program is not limited to Voronoi diagrams; it can
be applied to any convex shape, as discussed below. The prerequisite of the program is
the input of a preprocessed, ungenerated point shapefile, which contains information
such as the Voronoi generator's ID to which each Voronoi vertex belongs, the (x, y)
coordinates of that Voronoi generator, and the (x, y) coordinates of the Voronoi
vertices. This prerequisite can be attained through GIS topological operations. The
features and functions of the VBA program are summarized in figure 5, and include
the following options. (Numbers in brackets refer to the boxes in figure 5.)
. Input options: input a point shapefile with all the prerequisite information (1);
specify the variable field of Voronoi generators' IDs (2); specify the variable field
of the (x, y) coordinates of Voronoi generators (3 and 4); and specify the variable
field of the (x, y) coordinates of Voronoi vertices (5 and 6).

. Buffering options: choose the buffering option to create a single-ring shape-based
buffer, and specify the ratio of buffer distance between 0% and 100% (7); choose
the buffering option to create multiple-ring shape-based buffers and specify the
number of rings (8); or choose the buffering option to create a single-ring shape-
based buffer, but with varied buffering ratios for each generator point, as specified
in a variable field (9).

. Output options: output the buffering result as a polygon shapefile (10).

Potential applications and limitations
The shape-based buffering method has the potential to address fairness issues in
arbitrary zoning. When delivering social services and emergency responses, it is desir-
able to balance under-served and overserved areas to achieve a degree of fairness in
terms of geographic shapes. Shapes similar to those of administrative boundaries are
easier to explain and more convincing than simple circles. The shape-based buffering

1
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7

8

9

10

5

6

Figure 5. The interface of the shape-based buffering process in VBA (Visual Basic for Applications)
program in ArcMap2.
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method can, therefore, be useful in delineating managerial or administrative boundaries
in emergency preparedness and planning, and in other circumstances.

Emergency preparedness and planning
To demonstrate potential applications using the shape-based buffering method, we
apply the method to three post-earthquake emergency-response-design scenariosö
constructing a fixed-percentage shape-based buffer, constructing a variable-percentage
shape-based buffer, and interpolating a continuous probability surface on the basis
of shape-based buffering. Earthquakes are one of the most threatening natural disas-
ters in California. The state has had an average of one seismic hazard event of
magnitude 6 or higher on the Richter Scale every two to three years (Petersen et al,
1996). If the airports are undamaged and functional following an earthquake, they can
play a critical role in earthquake response and recovery efforts.

The study area is the Central Coastal Region of California's Alquist ^ Priolo earth-
quake fault zones (APEFZ). The APEFZ was established by the California Geological
Survey as required by the Alquist ^ Priolo earthquake fault zoning act, passed in 1972.
The main purpose of the state law is to mitigate the hazard of surface faulting to
structures for human occupancy and to prevent the construction of buildings used
for human occupancy on the surface trace of active faults. Thirty-six Californian
counties and one hundred cities are affected by APEFZ. These counties and cities are
grouped into three geographic regionsöNorthern and Eastern Region, Central
Coastal Region, and Southern Region (The California Geological Survey, 2006). The
Central Coastal Region includes nineteen counties (figure 6). In our design scenario,
all existing airports in the Central Coastal Region of the APEFZ, including inter-
national airports, general aviation airports, military airports, and federal airports
will participate in the post-earthquake response. According to the National Atlas of
the United States, there are fourteen airports in the Central Coastal Region of the
APEFZ. The airports will be ensured (by means which are beyond the scope of this
paper) the most expeditious return to an operational status whereby they can be used
for the dispatch and delivery of emergency personnel and materials.

I demonstrate three potential applications of the shape-based buffering methodö
delineating an equal number of task areas while preserving the shape of a region,

Airports

Northern and Eastern Region

Central Coastal Region

Southern Region

Non-APEFZ

The Alquist ± Priolo earthquake fault zones200 km

Figure 6. Airports in the Alquist ^ Priolo earthquake fault zones (APEFZ) in California (data
sources: National Atlas of the United States and California Geological Survey).
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outlining a proportional subarea within a region, and calculating the task schedule of a
shape-based buffer, given a specified areal ratio. The first emergency-response task is
to conduct a thorough post-earthquake survey across the whole region to evaluate
damage and to determine what type of aid response is needed. Assume this task
requires an airplane from each airport to fly four times within its assigned area.
Each flying task occurs within a buffer ring in relation to the airport. To satisfy
closeness criteria, a Voronoi diagram is constructed a priori based on the locations
of the airports, and then clipped by the boundary of the study area. The clipped
Voronoi polygons will serve as the coverage region for each airport. When designing
a flying route, an isotropic fixed-distance approach [figure 7(a)] cannot guarantee
coverage of each airport's assigned region with the same number of flying tasks. The
conformal shape-based buffering [figure 7(b)], however, can fulfill the task of the
delineation of equal-number task areas, while preserving the shape of a region.

The second application demonstrates that the percentage of shape-based buffers
can vary from region (or point) to region (or point). Assume that within the Central
Coastal Region of the APEFZ, the San Francisco Bay Area (nine counties) has a
different requirementöduring the same post-earthquake time frame, the survey of
the Bay Area, because of its high population density and relatively compact geographic
profile, requires two flying tasks, while the rest of the Central Coastal Region of the
APEFZ requires four flying tasks. Thus, for the first flying task, the percentage (l) of
the shape-based buffer in the San Francisco Bay Area is 50%, but it is 25% in the rest
of the region. There are six airports in the San Francisco Bay Area and eight in the
rest of the Central Coastal Region of the APEFZ. Figure 8 shows the design of the first
flying task. The light gray shaded area shows the San Francisco Bay Area, and the
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The Voronoi boundaries
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Fixed-distance buffers (km)

Shape-based buffers (%)
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(a) (b)

Figure 7. Constructing (a) isotropic fixed distance buffers and (b) shape-based buffers for the
Central Coastal Region of the Alquist ^ Priolo earthquake fault zones in California.
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dark gray shows the variable-percentage shape-based buffers for airports at other
geographic locations. The shape-based buffering fulfills the requirements of the post-
earthquake survey to outline a varied proportion of a subarea with its shape preserved.

Our third application is a continuous surface interpolation of the percentage of
shape-based buffers. This can be viewed as a very finely tuned example of the first
application. The generation of the surface is a routine GIS operation. The description
is omitted here, but the result can provide very helpful information (figure 9). It is
assumed that the need to determine when the flying survey for a given location, m, will
be completed. Given the continuous surface, and equation (2), the percentage of the
shape-based buffer at location m is Percentage(m) � u, u 2 [0, 100]. If the plan for
the entire area is to fly a total of n times, then location m will be surveyed at the tth
time, and

t � Round
�

un

100
� 0:5

�
, (5)

Airports

The Voronoi boundaries

Variable-percentage shape-based buffers

The San Francisco Bay Area

100 km

Figure 8. Shape-based buffers with variable-percentage for the Central Coastal Region of the
Alquist ^ Priolo earthquake fault zones. San Francisco Bay Area 50%; others 25%.

Airports

The Voronoi boundaries

100

10

Shape-based buffers (%)

100 km

Figure 9. Constructing a shape-based buffering percentage surface.
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where `Round' is a function taking the rounded integer part of a real number. This
application shows the use of the shape-based buffering percentage surface to calculate
a task schedule from an opposite point of view.

Limitations and improvement
We use Voronoi diagrams to demonstrate the shape-based buffering method. The method
can be extended to many shapes other thanVoronoi polygons. However, the method works
well only on convex shapes and some concave shapes, not on concave shapes with the
generator point at a very off-center location. Using a pentagram as an example,
figure 10 shows a comparison between a distance-based inner buffer and a shape-based
inner buffer. The distance-based inner buffer shrinks the shape of a known polygon by
offsetting a fixed distance from the boundary. For each point on the boundary, the
direction of offsetting is perpendicular to it. Hence, the buffered shapes may change at
certain distances due to topological merging and snapping, as shown in figure 10(a).
Depending on the shape of a polygon, distance-based buffers may or may not shrink
(converge) eventually to a point. In shape-based buffering, a boundary point and its
corresponding buffered point are two equal-angle vectors in a polar coordinate system
originating from the generator point inside the polygon, as shown in figure 4 and
equation (2). Although shape-based buffering can preserve the shape of the original
polygon, it cannot hold the extent of the polygon when the shape is concave, especially
when the origin is not at the center of the polygon. In figure 10(b), the top diagram
shows that when the origin is at, or near to, the center of the pentagram, the shapes
and extents are preserved during the shape-based buffering process. However, with
the origin at an off-centered location, such as in the bottom example in figure 10(b), the
concave shape-based buffers may go beyond the extent of the initial polygon.

The buffer origin

The polygon and
buffers

(a)

(b)

Figure 10. Limitations of shape-based buffers for concave shapes. (a) Distance-based inner buffers;
(b) shape-based inner buffers.
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Conclusion
Buffering is often done by incrementing the distance at constant rates in specified
directions. The buffering process does not change even if the shape of spatial extent
changes, and the final spatial delineation may be reached nonsimultaneously. We
construct shape-based buffers from generator points and their constrained convex
polygons to address the conceptual question of simultaneity in distance-based buffer-
ing. The process is conformal to the initial constraint shapes, which are predetermined
by other factors or processes. This method can be applied to situations where the final
scenario is preset, and the delineation of a space must be reached simultaneously. This
method has potential application in emergency preparedness and response to better
address fairness issues when a geographic region must be zoned arbitrarily. The
limitation of the method is that when the preset shape is concave and the generator
point is very off-centered, the buffered shape may not be bounded by the initial spatial
extent. The method is developed and implemented using VBA scripts, and could serve
the GIScience community at large.
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