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Abstract  
 
 
A common application in spatial data analytics is site selection. In site suitability study, we often 
construct circular or ring buffers around the site location to analyze the vicinity. To determine its 
suitability, we assess the impact of the feature attributes around the site location by apportioning the 
parts of every feature included in the buffer. In our case study, we are commissioned to find a grocery 

store site with sufficient resident population in its vicinity. To facilitate for our search with test-and-
verify strategy, the traditional approach will determine the proportion of population in the buffer around 
the potential site location. Instead, we exploit the duality of the census block polygon and aggregate 
the resident population of the census block to its centroid, turning the 2D polygons of census blocks into 
the points of their centroids. With the markers on the centroids symbolized by the resident population, 
the construct serves as a better visual guide for our search. By aggregating the resident population to 
the centroid, the approach facilitates for our apportioning method to come up with an estimate of the 

resident population around the selected store site, verifying its suitability more efficiently. 
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Duality in 2D Apportioning: A Site Suitability  

Case Study for Spatial Data Analytics 
 

Peter Y. Wu 
 

 
1. INTRODUCTION 

 
Maps are traditionally made for reference use. 
The geographic information system (GIS) has 
given rise to analytic mapping: maps are made 
for analysis to achieve certain application 

purposes. Spatial data analytics is the study of 
large volumes of spatially related data. The 
modern GIS is presently trending toward the 
direction (Reddy, 2018; Dougherty et al., 2024). 

 
Site suitability study is a common application in 
spatial data analytics. To determine whether or 

not a site location is suitable for a certain 
purpose, we gather the relevant information 
around the site. The data gathered is necessarily 
distributed spatially. We then construct a buffered 
region around the site to analyze the impact of 
relevant attribute information there. The buffered 

region is the site location extended with a circular 
buffer, or sometimes multiple layers of ring 
buffers for analysis of the impact with respect to 
proximity (Misra & Sharma, 2015). 
 
Since the relevant attribute data may not be 

distributed evenly, the data may be provided in 

aggregation by partitioning regions, such as a 
polygon map layer over the area. We construct 
the buffered region around the site location, 
casting it over the polygon map layer to analyze 
the impact. Data apportionment is then the 
assessment of the portion of each polygon within 
the buffered region impacting the suitability 

(LaGro, 2013). While we present the relevant 
information to provide a visual guide for site 
selection, the data apportioning method will allow 
us to test and verify the site suitability. Repeating 
test and verify will lead our search to a feasible 
site location, and therefore we need an efficient 

and effective apportioning method. 
 

This paper introduces an apportioning method 
which exploits the 2D duality of polygons. We 
convert the polygon map into a point map of the 
polygon centroids. We then aggregate the 
attributes of the polygon feature to the centroid. 

In the absence of a way to exhaustively search 
for a suitable site, we use the point map of 
centroids to visually guide our search, and we use 
the centroids to facilitate our apportioning 

assessment for the suitability determination. 
 
The next section has a brief survey of literature 
discussing our understanding of the current state 
of the art. Section 3 presents our case study of 
site selection for a grocery store in the downtown 

area, requiring certain resident population in the 
vicinity. Sections 4 and 5 describe our data 
gathering and how we set up our constructs to 
perform the spatial analysis. Section 6 discusses 

the benefits and limitations of our method. 
Section 7 closes with the summary of the paper. 
 

2. LITERATURE SURVEY 
 
Before the GIS started map making using the 
computer, maps were mostly for reference only. 
It was often too costly to make maps for the 
purpose of analysis (Schmidt, 1983). The GIS has 

become a very efficient and cost-effective tool for 
analytic maps (Heyward et al., 2006). Such is the 
trend for the GIS in spatial data analytics 
(Kanade, 2022). Site suitability is the assessment 
of factors and qualities to determine the site 
location for a particular activity. Site suitability 

study is a common application in spatial data 

analytics, facilitated by the use of the GIS (Jain & 
Venkata, 2007). Depending on the nature of the 
site selection project, there are varieties of 
different methods. 
 
Spatial Environmental Model 
The method usually applies to an area. The area 

is mapped and similar regions are identified with 
additional maps made. The maps incorporate 
factors relevant to study and a model is built for 
the purpose of comparison (Hopkins, 1977). The 
method requires comprehensive knowledge of the 
regions included and becomes onerous. It is not 

used often now. 
 

Values Suitability Analysis 
Geographical consideration in site suitability often 
extends to many other aspects. The ecological 
condition surrounding the site can be a natural 
extension, but aesthetic preferences as well as 

other human values, though subjective, also need 
to be taken into account quantifying costs and 
benefits (Reed & Brown, 2007).   
 
Ordinal Priority Approach 
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The area is mapped according to the quality of the 

land, such as slope, soil type, vegetation, climate. 
Each quality is then quantified by a rating, and a 
method assigns the weight of each quality to 

determine the suitability (Mendoza et al., 2003; 
Melczewski, 2006). 
 
In our site suitability case study, we have only 
one simple criterion: resident population. The 
issue involved then is the method of apportioning 
population in the neighborhood surroundings. 

 
Apportionment Methods 
The study of apportionment methods in the past 
decades has focused mostly on the politics of 
parliamentary seats allocation based on 
population (Kohler & Zeh, 2012; Koslap & Wilson, 

2021) but not on the spatial distribution of 
population, which is related to political districting. 
That on the one hand depends on the politics of 
constitutional re-districting regulations, but it 
may also be because of the difficulty of 
apportioning based on 2D polygon intersections. 
When we have to rely on a visual guide to search 

for a feasible site location, all the more we need 
an efficient way to assess suitability so that we 
can easily repeat the test and verify procedure. 
For our case study, we propose a method 
described in the following sections. 

 
we may need to augment the GIS with plug-in 

tools, or scripting support.  If search for a suitable 
site location is necessary, there is often no 

exhaustive method available and we have to 
resort to search by repeated test and verify for 
suitability. Then we will want to have some kind 
of visual guide in the cartographic presentation 

and an apportioning method to assess the 
suitability [Misra & Sharma 2015].  

 
3. CASE STUDY: SITE SELECTION 

 
In our case study, we are commissioned by the 
city government in a project to revitalize 

businesses in the downtown area. While providing 
tax incentive to a potential grocery store, the city 
government asks us to provide a feasible store 
site location that meets the requirement of more 

than 1500 resident population within walking 
distance. We proceed to take up the project. 
Assuming the average walking speed of 3 miles 

per hour, the 10 minutes round trip walk means 
a range of ¼ mile, or 1320 feet. To create the 
study area for potential feasible site locations, we 
have the downtown area extended with the ¼ 
mile buffer. That is the area for a feasible store 
location. The only factor we need to consider is 

the resident population within the buffered zone. 
Figure 1 in the following page illustrates the study 

area, buffered around downtown, with the census 

blocks over the entire area. 
 
4. DATA GATHERING AND VISUALIZATION 

 
We gather the data of residential population from 
the U.S. census. The U.S. government holds 
census every 10 years. The resident population is 
counted in every census block.  We use the study 
area to select the census blocks in and around the 
study area, with the information of resident 

population in every census block.  The study area 
helps us to focus on the census blocks relevant to 
our project. 
 
We can then color shade every census block by 
the resident population to visualize the population 

pattern. The color shaded map is called a 
choropleth map (Dent et al., 2009). Since there 
is no full proof to exhaustively iterate through all 
possible store locations, we want the choropleth 
map to be a visual guide for us in the search for 
a feasible store location. We may then test the 
location as feasible by verifying the residential 

population in the ¼ mile vicinity over 1500. 

 
To estimate the resident population in the 

vicinity, we form a circular buffer region of 1/4 
mile radius at a potentially feasible store location. 
We need to prorate the apportionment of resident 

population in each census block that intersects 
with the circular region, assuming the population 
is distributed evenly within the census block and 
then we need to sum up all the portions of census 

blocks included. Figure 2 illustrates the study 
area with only the census blocks covering it, color 
shaded in the choropleth map by the resident 
population, and a ¼ mile radius circular graphic 
seeking a potential store location. The circular 
graphic  requires us to calculate the prorated 

Figure 1: Study Area around Downtown 
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areas inside the circle to estimate the resident 

population. 

Since we need to search for a potential site to test 
and verify the resident population in its vicinity, 
our approach becomes too cumbersome to be 
conveniently effective. The presentation of the 

census blocks color shaded for population also 
does not serve as a very good visual guide. 
 

5. SET UP FOR SPATIAL ANALYSIS 
 
We change our strategy to exploit the 2D duality 
of our census blocks map by aggregating the 

entire population of the census block polygon to 
the centroid of the polygon. The centroid of a 
polygon is the center of gravity of the polygon. 

The following describes our approach. 

 

We convert the polygon map of census blocks to 
a point map of the centroids. Since we can easily 
calculate the (X,Y) coordinates of the centroid of 
each census block polygon based on its geometry, 
we can form the point map of the census block 
centroids. Each centroid is then associated with 
the resident population of the entire census block. 

Instead of the choropleth map color shading the 
census blocks, we make a color marker at each 
centroid and code the color of the marker by the 

resident population of the census block. That 
provides a better visual guide to our search for a 
feasible store location than that of the choropleth 

map. Figure 3 illustrates the point map of the 
centroids using markers to show the resident 
population of each census block, and we can 
move around the circular graphic representing 
the buffer region in search of a feasible store site.  
 

 

Now to calculate the apportionment of the 
resident population in the vicinity of any selected 
location, we will consider only the block centroids 
which fall entirely within the 1/4 mile radius 
circular buffer of the potential store location.  If 
the centroid falls inside the circular buffer, we 
include the entire population of the census block, 
and if the centroid does not fall inside, we 

disregard the entire census block. This approach 
is now illustrated in Figure 4: the centroids within 
the circular buffer are high-lighted, noting the 
selection of census blocks to be included in the 

apportionment of resident population in the 
vicinity. 

 

 
Figure 2. Census Block Centroids Selected. 

From the attribute data table for the Centroids 
point map layer, since the centroids inside the 
buffer circle are selected, we can easily sum up 

Figure 2: Census Blocks shaded into a 
choropleth map by population 

Figure 3: Census Block Centroids 
symbolized by population 
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the Population now aggregated to the centroids.  

Figure 5 shows the attribute data table of the 
selected centroids with the population field high-
lighted for summation, to be done conveniently. 

 
Granted that the randomly distributed pattern of 
resident population within the census block, the 
approach still calculates a reasonable estimate of 
the population in the vicinity, but it can be 
effectively done with convenience.  We can repeat 
the procedure effectively and efficiently. The 

strategy facilitates for test-and-verify approach in 
the search for a feasible location, with an 
estimate of resident population in the vicinity. 
 

 
Figure 3. Attribute Table with  

Centroids Selected 

6. DISCUSSION 

 
The benefit of our approach exploiting the duality 
of 2D polygons is that we do not have to go 
through the cumbersome process of calculating 
the prorated portions of areas of each census 
block polygon that crosses into the buffered 
region. By aggregating the total population of the 

census block to the centroid, we can effectively 
come up with an estimate of the resident 
population in the vicinity with ease. That allows 
us to search for a store site location with ease, 
performing test-and-verify strategy for a feasible 
site.   
 

Our apportioning method turns the polygon map 
into a point map of polygon centroids. By 

aggregating the attribute information to the 
centroids, we can assess the apportionment of 
the attribute information to the selected site 
location with ease. The strategy may able 

generalized to apply to other cases when the 
attribute information is randomly distributed and 
aggregated in polygons in the area. Further 
research effort may attempt to formulate how to 
apply the methodology to other applicable 
situations. 
 

However, our approach of aggregating the census 

block population to the centroid is different from 
prorating the population by the area of the census 
block inside the buffered region. We take into 

consideration only those census blocks that are 
within the buffered region. When the centroid is 
outside of the buffered region, the entire census 
block is not considered. We argue that the 
difference is acceptable for a reasonable estimate 
since the resident population is not necessarily 
evenly distributed within the census block, and is 

rather randomized.  An analytical argument for 
this is due but there is substantial mathematical 
difficulty. 
 
While we realize the difference in the apportioning 
methods, we consider the difference acceptable 

in practice.  To make practical use of the ease of 
assessment supported by our test-and-verify 
search strategy, another approach of further 
research effort should therefore be directed 
toward calibrating the method in comparison to 
other traditional approaches. When we can 
compare the two different apportionment 

methods in many different cases, we may be able 
to formulate a scheme toward appropriate 
application of our approach as proposed. 
 

7. SUMMARY 
 
In the site suitability problem of spatial data 

analytics, we have to assess the impact of certain 
attribute information distributed over the area in 

the vicinity around the site location.  Noting that 
the attribute information is not evenly distributed, 
it is aggregated to the polygons partitioning the 
area. We can construct a buffered region to define 

the boundary of its vicinity and then determine 
the apportioning of the attribute by proration of 
the area of each polygon inside the buffered 
region. The approach is however cumbersome to 
handle and does not effectively support test-and-
verify search. In our case study, we are asked to 
seek for a grocery store location with the 

requirement of certain resident population in the 
vicinity. The resident population information is 
aggregated in census blocks in the area. Instead 
of calculating the proration by the area of each 

census block in the buffered region, we convert 
the census block polygons into a point map of 
centroids, attributing the population of each 

census block to its centroid. We can then just 
consider those centroids that fall within the 
buffered region to come up with an estimate of 
the population in the vicinity. The difference in the 
assessment seems acceptable, but the ease it 
allows offers us effective support for our test-and-

verify search. The strategy may be generalized to 
similar cases of spatial data analytics. 
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