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ABSTRACT

The United States Decennial Census of 2000 for the first time has gathered and reported demographic data for areas as small as single residential blocks. Mapping software allows us to define small-scale market boundaries and this census data then can be used to identify accurately the demographic characteristics of populations within those boundaries. Specific demographic characteristics can be clustered to create market segments—groups whose consumption patterns can be analyzed. For example, the spending habits (consumption patterns) for a teenage female in a single-parent household are much different than those of a retired professional male living alone. Assuming people with similar demographic characteristics tend to group together in neighborhoods (i.e., small-scale markets) we can apply the aphorism, “You are what your neighbor eats” to identify patterns of consumption based on location. 

Knowledge about the location of these market segments and their patterns of consumption can be put to work as tools to make more effective decisions about measuring, planning and forecasting the delivery of products or services for a geographic area. This paper offers a basic introduction to this process. Using nonproprietary data (Census 2000, Summary Files at block level) and mapping software (ESRI ArcView 3.2), examples are shown of the steps required to a) create a map defining geographic market boundaries, b) extract and manipulate Census 2000 block level demographic data, c) import the data into mapping software and d) analyze the results. The case study used in this paper is from introductory work being done for an assessment of branch libraries in the Public Library of Cincinnati and Hamilton County system.

INTRODUCTION

 
A Geographic Information System (GIS) is a computer-based method for solving geographic problems. Most enterprises have geographic or spatial variables that can be graphically represented using GIS to gain the knowledge that can be used to analyze, measure, plan, forecast and increase the effectiveness of their operations. While there are wide ranges of possibilities for using GIS, this paper focuses on techniques for defining the geographic market boundaries of a branch library and identifying some of the demographic characteristics of the population within that market. Specifically, GIS and Census 2000 data are used to answer the questions, “What is the population of the branch’s geographic market?” and “Throughout the county, what is the number of single-parent households with at least one child compared to the number of single-parent households with at least one child in the branch’s geographic market?”

THE COMPONENTS OF GEOGRAPHIC INFORMATION SYSTEMS

 
Like paper maps, GIS allows spatial objects to be represented as graphic features using points, lines, polygons and text. Unlike paper maps, however, GIS is dynamic. The ability to easily make changes, pan, zoom (change scale), display multiple information sets (feature layers), select features, import data (geocode), and buffer features greatly facilitate the process of building thematic maps using GIS. Additionally, features on the map and sets of data are associated with each other—supported with the functionality of a relational database. As shown below, this allows Census data such as population numbers to be connected to geographic shapes such as Census tracts or Census blocks.

THE CONTENT AND FORM OF CENSUS 2000
Summary File 1 (SF-1) of the Decennial Census was used in the case study. The geographic coverage of SF-1 presents data for the United States, the 50 states, and the District of Columbia in a range from national, state, county, ZIP code, Census tract, block group, and the smallest Census geographic entity, the residential block. Block level data is new to Census 2000 and a high degree of precision can be attained using this data to analyze small-scale geographies. 

The demographic data in SF-1 provides counts and basic cross tabulations of information collected on all people and housing units. The information in this file includes age, sex, race, Hispanic or Latino origin, household type, relationship, group quarters, whether the residence is owned or rented (tenure), and vacancy status for 100 percent of the population. Various Quick Tables and Geographic Comparison Tables are derived from SF-1. For example, Table P-19, “Households by presence of people under 18 years by household type”, and subsets, “households with one or more people under 18 years: male householder, no wife present” and “female householder, no husband present.” [endnote 1], tabulates data pertaining to the example used in this study. 


For our study the DVD, Census 2000 Summary File 1: Census of Population and Housing, U.S. Department of Commerce, U.S. Census Bureau, was used. The DVD (commonly referred to as Census 2000 Data Engine) contains all of the individual State SF-1 files in a single database. This database is composed of approximately 9.2 million geographic summary records with a total of about 30 billion individual data cells. Additionally, the DVD includes software that allows users to search, query the data and perform data extractions. Multiple areas and area types as well as multiple tables can be selected on the DVD at one time. This allows data extracts to be performed quickly from a variety of geographies and demographic variables. Output file formats include comma separated variable (*.csv) with a header record, Microsoft Access, Microsoft Excel, dBase III, dBase IV, dBase V, FoxPro 2.6 (*.dbf) and Paradox 5.x (*.db). Additionally, each data set contains a complete set of geographic identifiers that can be used to link data extracts to external shape files (TIGER files). Internet access to the Census web-site as well as Internet access to commercial GIS web-sites allows users to download Census SF-1 data and shape files for other sources as well.

DEFINING THE GEOGRAPHIC MARKET

 
To accurately define geographic markets one cannot create a simple circular buffer around agency locations. Figure 1 illustrates some of the questions arising from using this technique: what size should the buffer be? are populations located outside the buffers counted? how are populations within overlapping buffers counted? 
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figure 1—street map with branches and circular buffers

 
Theissen polygons (figure 2) solve this problem. Thiessen polygons define the individual 'regions of influence' around each of a set of points. The polygons divide a plane, assigning the area to a point in the set such that any location within a particular polygon is nearer to that polygon's point than to any other point. 
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figure 2—street map with branches and Theissen polygons 

 
Other factors in defining a geographic market are topographic features such as Interstate highways, rivers, or other features that prevent residents from traveling to a branch. [endnote 2] GIS allows the polygons to be adjusted to account for these barriers as shown in figure 3. 
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figure 3—street map with branches and modified Theissen polygon

It is important to remember that however precise we may define the geography of a market, usually there are other variables that need to be taken into account in any associated decision-making process. For example, studies show that all else being equal, users of branch libraries will choose the larger of two branches [endnote 3]. Additionally, this study does not take into account availability of public transportation or library branch use by non-residents (those who may work or shop in the area, but live elsewhere). Often there are political, financial or cultural factors that are not possible to represent with a map. Using GIS for management consideration, site location decisions, or for other spatial analysis should be used as but one of many possible useful tools.

IMPORTING CENSUS DATA AND TIGER BLOCK POLYGONS

 
Once the geographic market area polygons have been defined they can be overlaid on Census TIGER shapes, in this case the smallest Census geographic units, blocks. The market area polygons do not conform to Census block polygons and in many cases the Census block shapes are divided as shown in figure 4. 
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figure 4—Census block polygons overlaid on branch’s geographic market 


When this happens Census data has to be apportioned into areas inside the Theissen polygon to be included in our results. Likewise, data outside the polygon is not counted. There are several methods that can be used to accomplish this apportionment. In this case study the data was apportioned based on the area of each block polygon divided. For example, if 27 percent of the area of the polygon is within the market area, 27 percent of the population is included in the data. Geographic units as small as census blocks reduce the error associated with using this method of apportionment. 
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figure 5—Census block polygons apportioned to fit branch’s geographic market boundary

ANALYZING THE RESULTS

Once the geographic market has been defined and the Census data imported and apportioned, it is a simple process to query the database to calculate totals and demographic ratios of our market. For example, the total population of Hamilton county is 845,303; the population of our branch’s geographic market is 10,211. The data from Census table P-19 is used to find the total number of households headed by a single parent with one or more people under the age of 18 years. Calculations can be performed for our geographic market as well as Hamilton County, and a ratio then can be derived to determine if our market area is above or below the county average. Our numbers show 10.8 percent of all households in Hamilton County have at least one child living in a single-parent household. In the geographic market of our branch library, however, 12.9 percent of all households are single-parent households with at least one child. 

SUMMARY


Using GIS to determine the demographic characteristics of a geographic area can be a useful tool in decision-making. As a marketing tool, the needs of potential users can be identified allowing resources to be focused to fill those needs. For example, our case study indicates it would be worthwhile to target services at this branch for children living in single-parent households. By applying this GIS process similarly to other branches in the system, we can create a ranked list based on the needs of users for this service. 


The Census collects and provides data on 100 percent of population totals, age, gender, households and many other potential determinants of consumption of goods and services [endnote 4]. Census demographic data, within geographic markets we can define using GIS, provide insight into the lifestyles and consequent consumption patterns of specific neighborhoods. 

ENDNOTES

1.  Census table P19
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Table:  
P19   HOUSEHOLDS BY PRESENCE OF PEOPLE UNDER 18 YEARS BY HOUSEHOLD TYPE [19]
Universe :   Households 

Subject Characteristics:   
Children
Household Type, Size, and Relationship
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Example:   
  
Geography

Total:
  
Households with one or more people under 18 years:
  
Family households:
  
Married-couple family
  
Other family:
  
Male householder, no wife present
  
Female householder, no husband present
  
Nonfamily households:
  
Male householder
  
Female householder
  
Households with no people under 18 years:
  
Family households:
  
Married-couple family
  
Other family:
  
Male householder, no wife present
  
Female householder, no husband present
  
Nonfamily households:
  
Male householder
  
Female householder
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