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Introduction and Problem Statement

The Texas Hill Country has experienced a significant amount of growth in the past few decades. Current predictions estimate that the hill country’s regional population will double in the next 20 years. With this population increase in mind, steps needs to be taken in order to accommodate this growth. Proper planning is required to ensure that this land will not lose its unique cultural and physical identity.  The Hill Country Alliance (HCA) is an environmental organization that focuses on 17 counties in the Texas Hill Country. The HCA seeks to better understand the socioeconomic culture of the people within its geography, and was formed in response to the emergence of rapid development throughout the region. Furthermore, the HCA seeks to educate the public about smart growth and conservation development practices. GIS can visually provide organizations with the information they need in order to communicate with citizens, developers, landowners, and public officials, unlike other information systems being used today.

The HCA and Texan Demographic Consulting Group (TDCG) teamed up to use GIS in order to analyze and produce a demographic profile of the hill country. A demographic profile reveals characteristics of the people living in the region and various changes that occur over time. The implementation of GIS and census analysis provide a much better understanding of the inhabitants of the hill country and can assist planners and public officials that focus on development in this region.  The objective of this project was to use current and past census data in a GIS to create maps that show changes in demographics throughout the hill country over time. To assess the demography of the area, TDCG overlaid and joined census data sets with county geography to display socioeconomic information for each of the counties in focus.

Data

The data used for the project were primarily comprised of shapefiles provided by the U.S. Census Bureau. The decades 1970, 1980, 1990, and 2000 were selected for our analysis. All the data collected were in digital format for analysis. The census data was acquired through the Social Explorer database, which takes the census data provided by the government and make this data available in reports which makes it easier to select and obtain statistical census data.  Unlike decades 1990 and 2000, previous decades are not available in a digital format online unless purchased or manually converted from census documents, which can be timely. TDCG acquired access to Social Explorer from the University of Texas’ Perry-Castañeda library in Austin. Social Explorer allows you to create customized reports for any area of focus with complete data tables that are compatible in Microsoft Excel. Comprehensive reports were generated for all of the decades. 


The quality of the data is considered to be reliable as it is provided by the U.S. Census Bureau and is its original source. Acquiring this historical census data was vital to the project’s success because it provided a deeper look into past by revealing 40 years of demographic statistics. The census data mapped is qualitative data which can be used to uncover underlying trends in data and generate additional variables to include in an analysis. For example, if a certain county has a significantly low average income, this can be explained by relating a low average income to another variable such as a high unemployment rate.  Qualitative data allows you to understand how and why certain outcomes were achieved, which is often more important than simply understanding that the outcomes were achieved. Qualitative research is highly useful in evaluating research. It is also applied to research conducted for public policy because it has the power to answer why things are happening or occurring and provides useful insights.    

Utilizing quantitative data, TDCG was able to create maps and graphs that display numerical values per county for each variable. This information took the form of chloropleth maps that display different values for different colors, 3-d pie charts that show ratios of a whole, and bar graphs that provide visual comparisons between features. Since the data we used was mostly numerical data, the integrity of the data was not jeopardized by the scale at which the project was conducted. 


The HCA provided multiple shapefiles, however only the HCA Counties shapefile which included the 17 counties that comprise the HCA, and the Surrounding Counties shapefile were used. The census data was combined with the HCA counties layer in order to assign the values to a geographical location. Initially, TDCG thought that the block group level would yield the most information and provide the greatest insight. However as we began collecting the data, we realized that the boundaries of the block groups were being modified after each decade making it hard to fully understand the changes that are occurring over time. After evaluating the options, TDCG decided to focus on the county level in order to keep the analysis standardized from decade to decade.  All data was projected in NAD_1983_UTM_Zone_14N projection.

Excel tables that were derived from Social Network were brought into ArcGIS. These tables contain headings that can be difficult to interpret so heading indexes were created in order to translate the meaning of the different fields.
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Attribute Tables
These 1970, 1980, 1990, and 2000 attribute tables contain county level Census Bureau information. These tables were brought into ArcMap in Microsoft Excel format. Some names of the fields were changed from their original state in order to more clearly represent what the information is. Other fields, such as age groups, were combined to allow TDCG to make maps representing specific age groups. No fields in the attribute tables were deleted once they were brought into ArcMap. Queries allow users to seek out and manipulate specific data within a larger dataset and new layers can be created from the selected data.
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Heading Indexes
TDCG created heading indexes for every decade studied in the demographic profile. There can only be 8 characters in the heading of each row in order to import the excel spreadsheet into ArcMap, such as MEDHHINC. Moreso, all headings must begin with a letter. Heading indexes were made in order to allow people who are accessing the data in spreadsheets and attribute tables to understand what the heading names mean. For example, the ‘YRHU_BLT’ name on the attribute table represents the median year the structure was built. Although some people might be able to decifer what the title stands for, they may be lacking details that the Heading Index can provide. TDCG thought it would be beneficial to provide name definitions for all the data used in the project. 
The 2000 census decade contains the most extensive amount of data out of all of the decades studied. Variables chosen pertained to population, gender, age, race, households, labor/employment, renter/owner, occupied/vacant, income, housing units/ structure built native/foreign born, citizenry, and more. After listening to requests from Christy of the HCA, TDCG focused on 2000 data because it is the most recent data and contains information that other decades lack. Graphs and charts were made for travel times to work, urban vs. rural population, year structure was built, owner vs. renter, and employment variables and displayed on our final poster.

The 2000 decade contains the most extensive amount of data out of all of the decades studied. Variables chosen pertained to population, gender, age, race, households, labor/employment, renter/owner, occupied/vacant, income, housing units/ structure built native/foreign born, citizenry, and more.
Methods


In this section of the report we will describe the procedures we have taken to achieve our results. How analysis have been conducted, and what methodologies were followed are questions that will be answered to describe our order of operations and logic behind each approach.

Data Collection


Data collection was the most critical part of this project. Much of the early time periods were spent on locating digital Census data from 1970 to 2000. The Hill Country Alliance had requested a demographic profile that contained past data, or a change over time theme. We found that this type of data is not freely available when accessed directly from the Census Bureau. Therefore our initial approach to data collection direct from the Census Bureau could not be effective. Further research leads us to the University of Texas where we were able to access a software application known as “Social Explorer.” This software allowed us easy access to digital census data from 1970 to 2000. All necessary data was collected from this source as comprehensive and extensive reports in an excel format. Other data sets were also acquired that were separate from these reports and were later added to final data selections. 

Data Selection


Data selection was considered after any and all valuable or vital data was collected from Social Explorer. The comprehensive reports from Social Explorer contained a lot of data that would not be needed for the project; as we later decided. We developed a set of criteria that we could use to decide what data would be put into our final deliverables. Since the initial theme of the project was to produce a demographic profile of the Hill Country Alliance from 1970 to 2000 we chose to standardize common data sets between each decade. Each decade’s data sets were slightly different because of how the Census Bureau changes their questioning surveys over time. For example, “Travel Time in Minutes” to work is available for 2000 but not for 1970, 1980, or 1990. Yet “Means of Transportation” is available for 1980 – 2000 but not before 1980. Another important part of our selection criteria was to exclude Bexar and Travis counties from the final shapefiles. These metropolitan counties skew our final results. The skew results from extremely high metropolitan population counts being compared with much smaller rural population counts. For example, initial analysis showed that when we included Bexar and Travis counties as part of a 5 classification interval, the highest interval would greatly outnumber the other four classes resulting in a biased graphic. Since part of the scope of the project, and was a request from the HCA, was to demographically profile the rural areas of the Hill Country, we chose to exclude Bexar and Travis counties from analysis. Also, county geography was chosen as opposed to tract or block group levels because census geography does not remain consistent over time. If we were to use larger scale geography such as tract or block group levels in a time series theme all demographics would be skewed as well. After we selected what data would be appropriate for the project, confirmation with the HCA was needed. Positive feedback from the HCA verified that the selected data was what they wanted and allowed us to continue to another critical time period in the project, data formatting.

Data Formatting

Data formatting consisted of reworking the reports we got from the Social Explorer browser into a GIS compatible excel format. The reports that were downloaded from Social Explorer were in a statistical report format and were not immediately able to view in ArcMap 9.2. The main process used to format these reports was to transpose rows and columns. The original reports had the County names across the columns and all the census data of those counties listed in rows. This needed to be reversed in order to make a clean legible table that could be viewed with ESRI software. County names were transposed down the rows and their census attributes transposed appropriately across the columns. One risk we encountered when doing this was that the data could become mismatched. For example, when transposing Hays County from column to row, the total population for Hays County could become the total population of Kerr County. However we are confident that our processes were executed with no errors. We double checked that the transposition of the data remained true to its original attribute placement. In other words, our newly created tables were cross referenced with the original reports to ensure attribute correctness. Another important step that was necessary for some querying purposes was the need to concatenate, or add together, common fields together. Much of the census data we have collected contains subsets of sets. For example, the set “Age” data is divided into subsets such as “Under 5 years old”, “5 – 10 years old”, “11 – 17 years old”, “18 – 24”, etc., etc. These subsets tend to be too extensive for cartographic reasons. Therefore, these subclasses were concatenated into one field to show the same extensive data but in a more sensible cartographic design. In other words, the legend will be less extensive but still show an extensive amount of important age data. Particularly, age was concatenated into new subsets so we could display minors, working ages, and retired age groups. Once our data for all 5 tables were formatted the new tables could then be implemented into the GIS.

Join tables to Geography

The strict ESRI geoprocessing rules of joining excel tables to geography was one of the main driving factors behind our decisions to format our data the way we did. The HCA county geography shapefile, as with any ESRI shapefile, has a certain database format. Generally the columns, or fields, contain the title of the data sets and the rows contain the actual data. For example, in the field named “County” you will see all the names of the counties that make up the Hill Country Alliance. In the “POP” field you will see all the total population counts for those counties. Strict rules for ESRI table join functions required us to format our tables in this way. In order to successfully join the table with the geography, with no null values, all targeted cell values must match the destination cell values. Since the scope of our project was focused toward the county level we joined all census attributes by the “County” field. In other words, the new tables we created were very case sensitive to the “County” field of the HCA geography shapefile. This meant that whenever a cell value did not match, it was because of an extra space after the word or the properties of the cell value did not match, therefore the row would become null. After all joins were made the data they were exported as new, clean, easy to read shapefiles. 

Cartography and Map Making

When creating maps of all the data sets, detailed symbology was needed to properly show geographic trends. When we were mapping the census data it was most important to consider what queries would be most interesting for the projects goal. There were many queries that could be done to map many different demographics but we chose to map the ones that were approved by the HCA. These approved queries then had to be symbolized based on our data selection criteria. Our criterion was based on a time series theme and the standardization of shared attributes between 1970 and 2000. Using the queries that were approved by the HCA we classified data in five equal intervals. By classifying in five equal intervals we were able to geographically display non biased levels of measurement. We applied this classification scheme to all of our different queries (refer to the results section for maps). All of the maps that were made for 1970 to 2000 were displayed as graduated color ramps. For each map there exists a different data query. However, there are theoretically endless amounts of queries that can be made with the data sets that were joined to the geography shapefiles. We have chosen to map only the data sets that the HCA found to be most useful and what we decided would be most interesting for the project. For example, the HCA has requested that age, income, and population counts be mapped to show there changes between 1970 and 2000. TDCG chose to add more extensive data to this list that we thought would only enhance the demographic profiles depth. Queries such as average household incomes, total housing units, employed and unemployed populations, and Hispanic populations were added to the original requests from HCA. The first stages of our maps simply displayed total counts. We found that this did not produce a significant geographic analysis. By simply mapping total counts we saw that there was no interesting spatial trend across the region. For example, data sets defined with equal interval classifications and mapped simply by total counts we saw that Hays and Comal counties represented the highest classification bracket in all cases. In order to accomplish a more extensive geographic analysis of these total counts we found that normalizing many of the data sets would give a much more in depth look into each county. We found that when you normalized, for example, age over 65 by total population you get a map showing which counties have the highest percent of people over the age of 65. A more detailed discussion of normalizations, their results and implications can be found in the results and discussion sections.


After all these steps we were able to produce maps that provide a detailed demographic profile for 15 counties of the HCA. These steps, data collection, data selection, data formatting, joining tables with geography, and developing demographic cartography, were necessary to complete our project in a coherent order.
Results

According to HillCountryAlliance.org, “The Hill Country Alliance was formed in response to the escalating challenges brought to the region by rapid development.”   The HCA hired TDCG to create a demographic profile to help better understand the people of the region.    The demographic changes over the last four decades are a great indicator in explaining the rapid development of the area. The final results identified several trends that were not originally expected.  The results were created in the form of charts, maps, and raw data.  The charts were created to give a statistical representation of the demographics in the region.  The charts were used to give the HCA a good visual representation of the demographic makeup of the study area, and make it easy to compare the statistical count of each variable for each county.  The maps were used to analyze the same variables as the charts, but were normalized in order to give a more descriptive analysis of each county individually.  Normalizing data allows for a more focused analysis of each county, and reduces the amount of redundancy in results.  Instead of viewing the statistical count for each variable, the count can be divided by a total that produces a percent of each variable within each county.  A look at the total employed population chart shows the amount of the labor force over the age of 16 that are employed.  This is interesting, but only shows a statistical number for each county.  In a normalized analysis you take the employed population and divide it by the total labor force (over the age of 16).  The result will give each individual county a percentage of employed population/labor force (employment rate).    The overall population of each county is taken into account when variables are normalized.  I will be discussing several unexpected trends that can be seen from this form of demographic analysis in the discussion section.  
Discussion


In analyzing the results it is evident that the overall population in the hill country has been growing since 1970, but has seen a much more rapid growth in the last twenty years.  Hays and Comal County have had the highest population counts from 1970-2000, Edwards, Kimble, Mason, and Real Counties have the least growth in this time.  The lack of population growth can be connected to the lack of urban areas within these counties.  In 2000 all four of these counties had 0% of the population living in urban areas. The results from the rural and urban population of this region (2000) show that five counties:  Bandera, Blanco, Edwards, Mason, and Uvalde have 100% rural populations.  The population in Hays County has increased from under 70,000 in 1990 to an excess of 98,000 in 2000 (2000).  That is over a 40% increase in population over a 10 year period.  This trend of rapid population increase from1990 to 2000 can be seen in all counties that have a significant percent of total population in urban areas.  In analyzing the population under the age of 18, Edwards, Uvalde, and Medina Counties have the highest percent of total population under the age of 18 (2000).  These three counties also have the highest Hispanic population as a percent of total population.  Over 31% of the total population for these three counties is under the age of 18, and over 40% of each counties population is Hispanic (2000).  This shows a relationship between a young population and a highly concentrated Hispanic population within the study area.  Hays County makes up the highest counts and the highest percent of total population for working age population, 18-64 (1970-2000).  This can be attributed to the spatial location of Hays County between two major metropolitan areas, Austin and San Antonio, and an urban population in Hays County of over 56,000, which is the highest of any county (2000).  With rural to urban migration increasing, it can be seen that the total population counts, as well as the working age population has shifted to the eastern counties in our study area, in the direction of the highly urbanized metropolitan areas.  People are moving to where there are job opportunities.  This is also reflective of the large student population at Texas State University, which reached 29,125 in 2008 according to The Texas State University website.  It is interesting to see that the population over the age of 64 is the highest in Comal and Kerr counties (2000), but Llano led all counties with over 26% of their population over the age of 64 in (2000).  Mason, Gillespie, and Kerr Counties all had over 21% of the population above the age of 64.  The concentration of county population over the age of 64 compared to the concentration of population under the age of 18 shows a distinct difference.  The high concentration of population over the age of 64 can be seen in the in the northern extent of our study area, while population under the age of 18 is highly concentrated in the southern extent of our study area.  The Hispanic population has drastically increased from 1970-2000.  The Hispanic population in Hays was 10,387, Uvalde, 8,802, and Medina, 9,822, in 1970.  In 2000 the Hispanic population in all three counties was over 17,000, with Hays being over 28,000.  The Hispanic population as a percent of total population shows that Uvalde County had 65.91% Hispanic population (2000), the highest concentration of any county.  Edwards and Medina County have over 41% of total population consisting of Hispanics.  Llano County had the lowest concentration of Hispanics at 5.13% of total population (2000).  In analysis it is interesting to see that Llano had the highest concentration of people over the age of 64 as a percent of total population (2000), and had the lowest concentration of Hispanic people as a percent of total population (2000).  Uvalde County displayed the highest concentration of Hispanic population as a percent of total population, and one of the lowest concentrations of people over the age of 64, 13.6% (2000).  It is interesting to see the low percentage of the population over 64 in areas with high percentage of Hispanic population and vice versa.  The maps of Hispanic population for our study area mimic the distribution of Hispanic’s in the entire state.  It can be seen throughout our study area, as well as the state of Texas, that Hispanic population increases as you go from North to South.  This can be directly attributed to South Texas bordering Mexico, and increased immigration across the border.  The counties with the highest unemployment rate were Hays and Uvalde (2000).  The highest unemployment rates from 1970-2000 were consistently in the southernmost counties in our study area (Uvalde, Medina, Bandera, and Real).  Although statistically Hays County has shown a high unemployment rate compared to other counties in our study area, it can be greatly attributed to the large student population at Texas State University.  I feel that the high unemployment rate in Hays County is not a true representation of the quality of life in the county.  The counties that have the highest unemployment rate can be seen as the same counties that have the highest Hispanic population as a percent of total population.  Analyzing the unemployment rates for the study area shows that this area in Texas has a very low unemployment rate compared to the state average and the national average.  
In 2000, 10 of the 15 counties had an unemployment rate lower than the state average.  In 2000 the state average unemployment rate for Texas was 4.5% (Economagic), and the national unemployment rate was 3.9% in September of 2000 (Economagic).  The highest average household income in 1970, $41,483, was in Edwards County.  This is interesting because in 1970 Edwards County had the lowest population count of all the counties in our study.  In 1980 Edward County’s average household income dropped to $33,000, and Comal and Kendall County made up the highest average household income at over $46,000.  The 1990 and 2000 census no longer asked for the average household income, but instead the median household income.  In 1990 the median household income in Comal and Kendall County were the highest, both being over $36,000.  In 2000 the median household income in Kendall County ranked highest at $49,521, slightly higher than Comal and Hays County which were both between $44,000 and $47,000.  Through analysis of the median household income map for 2000, it could be seen that a higher total population along with a highly urbanized county resulted in the highest median household income.  The 2000 Median household income map and the 2000 total population counts maps are almost mirror images.  This shows a strong correlation between increasing population and increasing household income.  
TDCG decided to analyze variables that were available in the 2000 Census, but were not available for any of the previous decades.  When analyzing travel time to work, 36.5% of the population in Bandera County spent 45 minutes or more driving to work (2000).  This was the highest percent of population driving over 45 minutes to work (2000).  The trend showed that people living in urbanized areas near metropolitan areas statistically had a longer commute to work, than more rural counties.  The high percent of Bandera’s population that drove over 45 minutes, likely work in the San Antonio Metropolitan Area.  This reinforces the statistical data that the populations of counties who live close to but not in a metropolitan area have longer commutes to work.  Means of transportation to work for workers 16 and over showed that 76.7% of the entire regions population drove alone in a car, truck, or van, 14.9% carpooled in a car, truck, or van, 2.6% walked to work, and .3% used public transportation.  In 2000 Kendall and Llano County had the highest per capita income, at $24,619 and $23,547 respectively.  The per capita income of a county is the total personal income of the county is divided by the county’s population.  It could be assumed that the reason Llano county had one of the highest per capita income (2000) is because of the large retired population receive income from multiple income sources such as the government and a local business.  Analyzing the year structures were built (2000) it is interesting to see that 52.2% of the structures in the region were built between 1960 and 1989, 28.7% between 1990 and 2000, and 19% before 1960.  Kendall County had the highest percent of structures built after 1989 at 38.6% of all structures.  Llano County had the highest percent of structures built from 1960-1989 at 65%.  Mason County had the highest percent of structures built from 1990-2000 at 55.9%.  


After completing our project and analyzing all of the results there are several ways TDCG could have improved our project.  I feel that our project lacked direction at first, but after speaking with Christy it became much clearer.  It is the opinion of TDCG that if the objectives of the HCA would have been more specific from the beginning our final results could have given a much more in depth analysis of the demographics in our study area.  If TDCG had more time to analyze results, and create further analysis of our variables the report would be more of an in-depth demographic profile of the region.  There are several final deliverables that could have been presented differently by analyzing multiple variables and finding correlations between them.  This would give the HCA insight into how employment, race, income, and population relate with each other backed by statistical data.  TDCG stands behind the accuracy of our demographic profile.
Conclusion

TDCG assisted the HCA in its goal to understand various socioeconomic characteristics of the Texas Hill Country inhabitants. The project was completed on time and achieved many of the tasks it set out to. In order to accomplish this, our team gathered the necessary data to map how the cultural and physical landscape is changing; and identify where and why it may change in the future. These implications came from our demographic profile of the region, which included 15 counties. By profiling the individuals of the region at the county level, we showed multiple characteristics of the people that live there and how their growth has evolved from 1970-2000.  The overlay of census data sets with county geography has produced maps and graphics illustrating various demographics of central Texas. Time series maps were created for individual variables, such as average income, and displayed in a temporal sequence. The data allows you to see when and where these counties have undergone change and can be used to generate different theories for understanding various demographic phenomena. Although TDCG focused on every decade mentioned, greater attention was given to the decade 2000 because it contained more extensive and recent data.  For 2000, in addition to the variables being compared, TDCG looked at urban vs. rural population ratios, the years structures were built, travel times to work, means of transportation and more. With this information now at their disposal, the HCA can better understand the region’s people and culture.
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Contribution of Each Team Member (written by Nick Elkins)
Nicholas Elkins: Project Manager

· Researched multiple sources: Web, Alkek Library, UT library for Census data from 1970-2000.

· Assigned tasks to John and Jordan for Proposal, Progress Report, and Final Report.

· Formatted all of the excel tables taken from Social Explorer in order to make them compatible with ArcMap.  This took several class days, and was a very tedious task.

· Created all of the Charts in our final deliverables from the statistical census data for 1970-2000.

· Created the Normalized Maps which gave a deeper analysis of the demographics as well as a more specific view at each county.  This made it much easier to write the Final Report because it identified more identifiable trends, instead of just displaying counts.
· On the Proposal document I created the Cover page, Title Page, Budget, Timetable, Final Deliverables, references, and Logo.  I also worked with both members of the group to create the power point presentation from the report.
· Spoke with Christy along with John  to ensure that the maps we were creating were what she had in mind

· On the Progress Report I created the Introduction, Purpose, Scope, Work accomplished, work in progress, work planned, and Conclusion sections for the word document.  John and myself worked together to write the work accomplished, work in progress, and work planned sections.  I also worked with the group to complete the power point.
· On the Final Report I was responsible for creating the Discussion section, the Results section, the Cover page, Table of Contents, Contribution of each team member appendix, and editing of the other sections before final copy was printed.  I also organized the paper in order to follow the structure assigned.  
· I feel that I made a very strong contribution and effort to the project, and feel confident that my work will represent my efforts.
John Prater:  GIS Expert
· Researched multiple sources: Web, Alkek Library, UT library for Census data from 1970-2000.

· Assigned data, methodology, timetable, and implications for proposal document.  Also worked to  complete the Proposal power point
· Discussed excel formatting and data selection from Social Explorer with Nick.  

· Took the final formatted excel table from Nick and joined them to the shapefile of our counties.  This was very helpful because John was very knowledgeable about ArcGIS software.

· Created several maps for the final deliverables, but more specifically came up with a great format for presenting our maps.

· Spoke with Christy along with Nick to ensure that the maps we were creating were what she had in mind

· Took the additional 2000 Census data from Nick and began mapping the new table.

· Formatted and created the entire poster, which turned out very nice.  

· Assigned project tasks, and work planned for the progress report.  Also worked at length with Nick to complete the rest of the progress report document.  Also helped create the Progress report power point

· Assigned the methods section and the references section for the final report.  

· Helped organize all of the final deliverables.
· Worked together as a group to create the power point presentation for the final report.

Jordan Schmidt: Webmaster

· Researched multiple sources: Web, Alkek Library, UT library for Census data from 1970-2000.

· Assigned Summary, purpose, scope, and conclusion for the project proposal
· Helped produce the Progress Report Power point

· Created the website and the GIS web site

· Created maps and helped come up with a suitable format for our maps

· Assigned the Introduction and Problem Statement section, the Data section, and the Conclusion section of the Final Report

· Also created the introduction, conclusion, and data section for the Final Report Power point.
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