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I.

Abstract
San Marcos is in a phase of rapid growth and expansion. Like with any growing city, the new development and increase in population can bestow undesirable consequences on the long-time residents of that city. Through a temporal analysis of local occupancy characteristics, as well as land to improvement ratios, we aim to provide officials in the city of San Marcos with a comprehensive analysis that will assist in the writing of a new land development code. Through a GIS based analysis, our study will identify areas that have experienced or are most likely to experience change in the coming years. Our focus, as well as the city of San Marcos planning and development services focus, will be on the historic structures and populations of San Marcos’ heritage neighborhoods and how their characteristics have changed between the years 2008 and 2017. Overall, we found that the Heritage Neighborhoods have experienced a decrease in Occupancy and an increase in LIR over the years. Heritage and Dunbar are the most stable, while Victory Gardens and East Guadalupe are the most susceptible to change, indicating a need for policy which would help these areas maintain more stable property values in the future.


1. Introduction
1.1 Problem Statement 
How can we better observe variances in housing characteristics within rapidly expanding cities so that we may better identify areas most susceptible to change? 
 
1.2 Overview
Cities and the populations that inhabit them change over time. Whether culturally, socially, economically or politically, these changes do indeed occur and can drastically change the 
characteristics of a city. With shifts in the population come shifts in the needs of the city and its citizens. To successfully implement solutions to a city’s needs, you must first intimately know the cities problems and what has caused them. There are many ways to study stability and susceptibility to change within a city, however none is more encompassing or accurate than a GIS based temporal analysis. Studying spatio-temporal characteristics of cities allows you to understand what has happened, is currently happening and what will happen to a city and its population. 1

 
When planners and managers analyze a city, they look at a wide range of data to understand their city. Demographics, workforce data, infrastructure, public transportation, housing and public and private amenities are all data sets used to study cities and their populations. These datasets are all spatially rooted, therefore making a GIS based temporal analysis a natural selection to study these phenomena. Mapping these datasets year over year allows analyst to better study trends through space that may otherwise be missed in other analysis formats. Through the implication of a GIS, we can better analyze locational characteristics of localized changes within cities. This holistic understanding of the spatial characteristics of cities gives city planners and managers firm ground to stand on when making future planning decisions.
 
1.3 Background
The city of San Marcos has, over the past few years, boomed in population. According to the U.S Census Bureau, San Marcos was the fastest growing city in the United States in 2013, 2014, and 2015. Hays county, home of the city of San Marcos, was also named the fastest growing large county in the country for the years of 2015 and 2016 by the U.S census Bureau. San Marcos is a quirky, once small town located along the I35 corridor between Austin and San Antonio. Tucked away between the start of the black land prairies and the Texas Hill country, and situated on and adjacent to two magnificent rivers, San Marcos is geographically blessed to say the least. Home to a growing, diverse population, a major university, a culturally vibrant downtown and a high quality of life, San Marcos is poised for extremely positive population growth going into the future. 
However, amid rapid development, locals are stirred to preserve the structural and aesthetic integrity of the city’s historic heritage neighborhoods. Increases in rent and property taxes, traffic, and crime are all indicative of a growing city. San Marcos is no different. These types of changes have the potential to do lasting harm on the historic populations of San Marcos. These reasons are why it is vital to have a comprehensive spatio-temporal analysis to fully understand how a city is changing over time. 2

Our study completes this temporal analysis of San Marcos’ neighborhoods, with a specific focus on the heritage districts. We focused our analysis on two distinct residential parcel attributes: land to improvement ratio (LIR), and owner occupancy. LIR is an index of susceptibility to change in an area that juxtaposes a parcels land market value with the total value of improvements made on that parcel (City of Austin, 2016). A geographic concentration of high LIR values indicates a greater susceptibility to change. Owner Occupancy is determined by whether a property's owner resides at their property. If a significant proportion of an area's parcels are abandoned or being leased/rented, that area is more susceptible to new development, redevelopment, or adjacent development. Studying land to improvement ratios allowed us to identify where new investment in the renovation of existing housing is located within the city. Whereas studying occupancy characteristics showed us the distribution of renter occupied housing. With these datasets collected and analyzed over a 10-year period, we can identify trends that show changes in the city of San Marcos’s housing characteristics and will give city planners a comprehensive understanding of how this recent growth has affected the heritage district. 
 
1.4 Predictions
Coinciding with the overall growth of the city, we anticipate that LIR in the heritage districts will gradually increase over our study period. As the city grows, and land near the CBD gains in value, we know from the LIR equation that the output value will increase as the Land variable increases. For occupancy rates, we expect them to decrease over our study period. The reason being that if our first prediction holds true, it will entice land investors who aim to capitalize on the increases in property value to purchase rental properties in San Marcos from families that can no longer afford the increases in their own property taxes. 
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[image: ]Figure 1. Study Area
2. Data
The data collected for the project included City of San Marcos shapefiles of Hays County, City of San Marcos land parcels, 2008 to 2018 excel documents with Owner Address, Property address, Land values, improvement values, homestead exemption values and Reference IDs. Our client gave us a preloaded USB with the excel sheets and shapefiles needed to perform our analysis. The data was extremely important because by using certain values taken from the excel documents, we were able to accurately display a land to improvement ratio on the properties throughout the City as well as the owner occupancy for the properties requested. 4

	Entity 
	Attributes 
	Spatial Object 
	Status 
	Source 

	San Marcos GIS Shapefiles 
	Land Parcels, Neighborhoods, Buildings, Zoning 
	Polygons 
	Available 
	City of San Marcos 

	Hays County Appraisal District Tabular Data 
2001-2017 
	Address of Land plots, Address of Owner, Total Market Value 
	Excel Worksheets 
	Available 
	Hays County Appraisal District 


The projection used was Lambert Conformal Conic and the Coordinate system used was NAD 1983 State Plane Texas South Central FIPS 4204 Feet. We did not make any additional changes to the projection or the coordinate system.  The output data was changed from a vector format to a raster format this is because it gives us a more simplified view of the data displayed displayed.
Table 1. Data
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3. Methodology
3.1 Overview
[image: ]For our study of temporal changes in owner occupancy and Land to Improvement Ratios (LIR) in the Heritage Neighborhoods area of San Marcos, we focused our analysis on a ten-year period between the years 2008 and 2017. Our process can be simplified into Three major steps beginning with scripting for processual automation, followed by the translation of numeric data into a visual form, and lastly, generation of our final products based on a detailed analysis of the information resulting from our study. The flow of this process is illustrated in figure 2.
Figure 2. Methodology Flow Chart
 Because we were working with such a large amount of data accumulated over the course of ten years, we began our study by automating some of the processes we wished to carry out in order to save considerable time and effort later. After the scripting for automation was complete, we were able to quickly add attribute fields for LIR and owner occupancy to the original tabular data provided by the Hays County Appraisal District. We combined these updated tables with Shapefiles containing parcels for the city of San Marcos, allowing us to display our numeric data visually and put it into a geographic context. Next, we cleaned and processed the data to make it easier to display and analyze. Finally, with our data fully prepared for further use and analysis we began to prepare a story map to display our results, create static maps to highlight change between years, and scrutinize our data both statistically and visually to determine temporal trends in owner occupancy and LIR.6

 
3.2 Automation of LIR and Occupancy Attributes
                After a thorough exploration of our tabular data from the Hays County Appraisal District, we decided to begin our study by taking the time to automate some of the key processes involved in our analysis, mainly through synthesizing values available within the data to create new attributes containing LIR and occupancy information. In addition to attribute creation tools, we created a tool to convert any tabular file format into a feature class to aid in the conversion of tabular data to a format which is usable in GIS software. This decision was made based on an understanding that the efforts expended at the beginning of the project to create scripts for automation would not only save a significant amount of time and effort later, but also allow us to provide future analysts with the tools required to perform a similar study. All scripting was done in the Python scripting language using the arcpy data package to take advantage of previously created tools intended specifically for geographic investigation. 
                We began by creating a tool to automate the process of LIR calculation for out dataset. This tool used the land market value and improvement market value found in the original dataset to calculate land to improvement ratios for the parcels in the city of San Marcos. Calculation was based on the following formula:
LIR = 
Where ‘LIR’ is the land to improvement ratio, ‘L’ is the market value of the land and ‘I’ is the market value of any improvements made to the property, such as the construction of a house or renovation of a historical building. The script begins by creating an empty attribute field in a table containing parcel information, then calculates the land to improvement ratio and fills the newly created field with this value. The new LIR attribute created by this process can now be used to symbolize this ratio visually.
                The second process we proceeded to automate was that of determining owner occupancy for properties in the city of San Marcos. This value was assigned based on the possession of homestead exemptions by the properties in our study area. In order to meet the requirements for a residence homestead and acquire the corresponding exemption, the property must be owned by an individual, rather than a corporation or business entity, and serve as that person’s primary residence at the start of the tax year. Because of these restrictions, the possession of a homestead exemption is a solid indicator that the owner of the property lives on that property. Using the list of exemptions found in the Hays County Appraisal datasets, we used a script to assign a value of “Yes” to entries possessing homestead exemptions, and a value of “No” to those that did not, indicating parcels with and without owner occupancy. Reducing the list of exemptions into a simple binary “Yes” and “No” allowed us to more easily display this information in our maps. An additional field, containing the integer values ‘1’ for unoccupied parcels and ‘0’ for occupied parcels, was also added in order to better facilitate the use of occupancy layers in raster calculation.7


3.3 Geographic Data Processing
                The next step in our process Involved transforming the numeric data stored in our tables into a practical visual format to be displayed geographically. The end result of this process was ten map layers containing parcel polygons and LIR and Occupancy attributes for the years 2008-2017. Prior to integrating the ten map layers into our final products, we processed our data to make it both easier to use for analysis and cleaner to read and interpret for consumers viewing our final products. The majority of this post processing involved getting rid of unwanted attributes to simplify our layer properties and then preparing the layers for use in web mapping.
                Through the use of the LIR and Occupancy tools we created earlier, we were able to easily add these new attributes to all the tables. We then joined the updated tables to a Parcels shapefile for the city of San Marcos based on the reference ID numbers identifying each parcel in both the tables and the shapefile. For any given year, some of the parcels in the shapefile did not join with the tables, creating variable coverage between years. After the join was complete, all fields containing null values for either LIR or occupancy attributes were deleted. 
As a result of joining the updated data tables to our San Marcos parcels shapefile, there were many extraneous attribute fields which had accumulated during the process of combining our data. We deleted all but 8 attribute fields, leaving only the two Occupancy fields, an LIR field, a field for the tax exemption list, a street address and reference ID field to help users identify parcels, and an additional two fields for shape and FID which are mandated by ArcGIS. We chose to keep only those attributes which were required for our analysis, as well as those which would improve the user experience and interpretability of our story map. 8

In order to incorporate our final map layers into web maps, we first had to convert them into a format which would be acceptable to the web mapping software. To meet the file size restrictions requiring files of less than 700 KB, we broke each of our map layers into multiple sections by selecting out approximately 3250 parcel polygons per section and saving them to a separate, smaller, file. These small files were then zipped and could be imported into the web mapping software with ease.

3.4 Analysis and Final Product Generation
                Through the course of processing our data, we created a plethora of valuable information concerning temporal trends in Occupancy and LIR. To display this information concisely and accessibly we created a Story Map which can be used by consumers to investigate the LIR and occupancy characteristics of the specific areas of the city which are of interest to them. For our more in-depth temporal analysis we focused on the four neighborhoods within the Heritage Neighborhoods Area; Dunbar, East Guadalupe, Heritage, and Victory Gardens. From these neighborhoods we created trend charts and difference maps of their LIR and occupancy characteristics to serve as visuals and aid in analyzing the data.
                To create the Story Map, it was necessary to first create ten separate Web Maps then join them all into one Story Map. The Web Maps were created by importing the yearly map layers shapefiles we had prepared previously. Once converted to a Web Map format, the layers could be brought into a Story Map which has the advantage of being able to display these maps chronologically, in addition to allowing users to scroll through and examine the properties of each map. We created two Story Maps, one for LIR characteristics and another for Occupancy characteristics, in order to best display the two attributes we examined during our study.9

                To summarize temporal trends in owner occupancy and LIR we created a series of four trend charts to display this information. These charts compare trends between the four heritage neighborhoods, as well as between the heritage neighborhoods, all the neighborhoods in San Marcos, and the entire city as a whole. The LIR charts were created based on the average LIR for selected parcels, so that one value could be used to represent the LIR for all parcels in each year. Occupancy charts were created based on the percentage of parcels with homestead exemptions per year, again allowing us to assign one distinct value to represent all the parcels in a year of data. 
                To discover how trends in occupancy characteristics and LIR vary spatially, we created several difference maps to highlight areas where change has occurred in the Heritage Neighborhoods Area. These maps were created by first converting the map layers into a raster format, then subtracting them from each other to generate another raster layer which showed the areas where change had occurred in the time between the two years subtracted from each other. By subtracting 2008 from 2017, we were able to get a general idea of the extent and location of changes occurring in the Heritage Neighborhoods Area in this ten-year period.      

4. Results
 4.1 Trend Analysis
An overall trend analysis of occupancy and LIR changes in the Heritage Neighborhoods area shows that the most stable of the four neighborhoods is Heritage proper, while the remaining three have characteristics which tend to fluctuate more noticeably. This trend in stability makes sense in terms of LIR and occupancy, because Heritage has lower LIR and a higher percentage of occupied homes, it is the most stable, while the neighborhoods with higher average LIR and lower occupancy rates are more susceptible to change. 
In comparison to the entire City of San Marcos, as well as the other San Marcos Neighborhoods, the Heritage Neighborhoods area has a lower rate of owner occupancy and higher average LIR, indicating less stability in this area than in the rest of the city.
10
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Figure 3. Average Land to Improvement Ratio in The Heritage Neighborhoods Area
The average land to improvement ratio for the four neighborhoods have a similar trend apart from the Heritage neighborhood (Figure 3). Dunbar, East Guadalupe and Victory Gardens have LIR that represent a poor land to improvement ratio that represent land that is worth more than the property built on it.  Heritage throughout the ten-year time frame has had a healthier, more stable LIR with the exception of the year 2015. We concluded this sudden increase in LIR was caused by the two major flood events in 2015. The overall importance of this chart gives us great information about the year to year differences between the four neighborhoods. 
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Figure 4. Owner Occupancy in The Heritage Neighborhoods Area
Owner Occupancy of the four neighborhoods is depicted in the figure above (Figure 4).  This is best describing the amount of home owners who reside in the house they own. The chart helps us determine the occupancy trend of each of the Heritage neighborhoods. Dunbar, East Guadalupe and Victory Gardens have very similar owner occupancy trends throughout the ten-year period. The Heritage neighborhood has a higher owner occupancy than the other three neighborhoods indicating that it is a much more desirable neighborhood to live in.  We see a dip in the owner occupancy in 2015 for the heritage neighborhood and a spike in owner occupancy for the other three neighborhoods. When the flooding events in 2015 occurred, it caused a lot of change in ownership causing these sudden changes for that year.   Following those events, we see a stabilization in the following years.
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[image: ]Figure 5. Average Land to Improvement Ratio in San Marcos
The Average land to improvement ratio from all the neighborhoods in city of San Marcos have a ten-year average of .249. The heritage neighborhoods have an average of .317 over the ten-year span.  These numbers explain the likelihood of an area to change. Over all, the trend for the entire city and the specified neighborhoods have not really shown great change in a ten-year time frame. However, it is showing how the heritage district is more susceptible to change compared to the rest of the neighborhoods in the city (Figure 5).
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 Figure 6. Homestead Exemptions in San Marcos
Homestead exemptions help determine the actual owner occupancy for the City of San Marcos properties. Shown above is the average throughout the entire city which is only about 45% ownership (Figure 6). Properties without homestead exemptions are usually owned by businesses or are publicly owned. The Heritage neighborhoods are about 7 to 10% lower than the total cities average and about 10 to 12% lower than the average for all neighborhoods in San Marcos. As a group we concluded that older neighborhoods tend to have more renters because the older a home is the greater chance it has already been paid off.  The properties without homestead exemptions that have residents are more than likely rented out properties. During 2015 there was a decrease in homestead exemptions throughout the entire city. We believe this due to the major flooding events. After the flood the residents renovated their homes and rented them out causing a decrease in homestead exemptions.
 14

[image: ] 
Figure 7. Heritage Neighborhoods Differenced LIR
The heritage Neighborhoods Differenced LIR map is a great way to locate specific properties within the four neighborhoods that are most susceptible to change (Figure 7). Perhaps counterintuitively, negative values indicate increased LIR, and positive values the opposite. The LIR values are a good way to determine future properties that could potentially be renovated or sold to investors for new buildings to be placed on it. The neighborhood most susceptible to change is Victory Gardens while Heritage would be the least likely to change.  Following our analysis, we examined these neighborhoods in person to check the accuracy of our results.    15

[image: ]
Figure 8. Heritage Neighborhoods Differenced Occupancy
The difference in owner occupancy map was can be used to determine future trends in owner and renter occupancy in each neighborhood (Figure 8). Formerly Owner-Occupied land shows the properties that were owner occupied in 2008 but in 2017 are currently not owner occupied. While Latterly Owner Occupied shows the properties that were not owner occupied in 2008 but are in 2017.  As shown in the map, Heritage neighborhood has gone through the most change in occupancy compared to the other neighborhoods. East Guadalupe has gone through the least change. 16

4.2 Discussion
4.2.1 Suggested Preprocessing Algorithm for New Data

 [image: ]
Figure 9. Proposed model for processing future CAD data tables.

4.2.2 LIR as an Index of Susceptibility to Change
Our LIR data products were regrettably not as telling as we had initially hoped. We feel that there is plenty of information to be had from LIR as a metric, and there are likely better ways to visually communicate the implications of LIR values in a study area. One method that we were interested in exploring but did not have time to delve into was using hotspot analyses to describe areas of special susceptibility to change. See our Conclusion section for suggestions on future analyses.
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4.2.3 Data Quality
Throughout the project we checked our data periodically by going to the physical address of parcels and looking at the overall aspect of the property in regards to occupancy and general improvement quality. By doing this it insured our data was being accurately displayed. We did run into a few data quality issues that we had to account for. Data for the year 2008 was missing, so we substituted data from the end of 2007 to use as our 2008 dataset. 2010 owner occupancy was done by comparing the owner addresses to the property address fields because there was not a homestead exemption field which would have been used to determine the owner occupancy of this year, resulting in occupancy values which appear much higher than the other years. Markedly, the data from 2012 was present but very sparse. However, we felt it was enough to gather an accurate evaluation of the city in 2012 despite the scarcity of data, and continued with our analysis. It is also worth noting that the year 2015’s reported tax exemptions and land/property appraisal values presented clear outliers in our statistical analyses, but in the absence of convincing evidence for data inaccuracy, we made no effort to mitigate the effects of these outliers.

5. Conclusions
              The data we worked with spans the ten-year period between 2007 to 2017. We've processed each year's data and created feature classes and raster objects enumerating LIR values and occupancy status. The team has also developed a few custom python script tools for use in future analyses of a similar nature. 
Our area of primary interest is within the boundaries of four historic San Marcos neighborhoods: Dunbar, East Guadalupe, Heritage, and Victory Gardens (fig 1.3.1). Due to the local University, the city attracts a continuous stream of students. For this reason, we expected from the start that the city at large should display a glaring negative trend in owner occupancy, and perhaps an increase in average LIR; though we were not entirely comfortable extending that deduction to our neighborhoods of interest.
At the end of our project we found that the most stable neighborhood in our study area is the Heritage neighborhood, followed by Dunbar, while the least stable is victory gardens, which has experienced the most dramatic spikes and dips in its LIR and Occupancy status over the years. Three of the neighborhoods, Dunbar, East Guadalupe, and Victory Gardens, have relatively high LIR and low Occupancy rates in general, making them more susceptible to change and threatening their value as heritage properties. In contrast to the other neighborhoods, Heritage remains relatively stable, with low LIR and High occupancy between 2009 and 2017. For the future, emphasis should be placed on crafting public policy targeted at the Victory Gardens, Dunbar, and East Guadalupe neighborhoods, in order to better maintain stable property values and protect the historic value of these areas.18

For future work, we see potential in expanding a trends analysis to the other neighborhoods of San Marcos, in combination with exploring the potential of hot spot mapping to accentuate trends in the spatial data. Through this project we were able to provide valuable temporal information about the Heritage Neighborhoods, while acquiring real world experience in GIS applications. We hope that future projects will be able to expand on our methodology and continue to provide the City of San Marcos with the information they need.  
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APPENDIX I. Group Member Contributions
Wyatt Ellison: As group manager on the project I was responsible for determining the organization of our research, breaking the project into manageable tasks to be assigned to group members, communicating the goals and methodology of our project, and coordinating between group members to maintain consistency in our project and ensure everyone had access to the data they required to fulfil their tasks. In addition to group management tasks, I wrote the methodology section of the proposal and final report, and the task status section of the progress report. I also worked on a set of python tools we used to automate the process of determining LIR and occupancy. Additionally, I put together the finalized map layers for the years 2012-2017, wrote the metadata file used as a model to be imported to our layers and managed data processing and conversion issues to complete the web map. For the final analysis, I created all the temporal trend charts for LIR and occupancy which were incorporated into the poster and final paper. 

James Corson: Over the course of the project I served as a GIS Analyst and a python script developer. My chief tasks included the design of our custom tabular conversion tool, the automation of raster dataset production via ancillary python scripts, creation of our LIR and Occupancy difference maps, and the full production of our poster. I wrote the Introduction and Conclusion sections of our proposal, the Scope and Conclusion sections of our progress report, and the Discussion section to our final report. I also used Wyatt's calculated annual LIR averages and percent Owner Occupancy values to make the linear regression plots featured in our poster and final presentation.

Spencer Cardwell:  Throughout the project I was responsible for analyzing and processing data, creating metadata, taking excel files and importing them to ArcMap, creating feature classes from years 2008-2012 for both owner occupancy and LIR.  I was also responsible for creating the timeline, budget and cover page, title page, placing images and table of contents for the proposal.  I also created the Logo for our group. For the final report I helped write the data section, Results and discussion and Appendix II.  Also, with my current internship with the City of San Marcos Engineering Department I helped with the communication between our group and our client.20

Hunter Harrison: Over the course of this project I served as a GIS analyst and assisted in many roles. My primary responsibility was the creation of our web mapping application. I created our branding guidelines and implemented them throughout my creation of the web map. I created all neighborhood block groups, that were eventually rendered useless and went unused due to the creation of our automation script. I did in field research to verify the results of our LIR studies, including walking and driving target neighborhoods. I wrote the literature review for our proposal as well as the introductions for both the progress report and final report. I also did editing for grammar and spelling in all reports. I assisted in the creation of PowerPoint presentations as well as the planning and preparing of teammates for in-class presentations. 
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[bookmark: _GoBack]APPENDIX II. Metadata
This is a list of each year's metadata displayed on the DVD/CD given to the client. This metadata will be in PDF format as requested by the client. 
	File Name
	Description

	2008metadata.tmp.pdf
	  Metadata Description of our data from 2008

	2009metadata.tmp.pdf
	  Metadata Description of our data from 2009

	2010metadata.tmp.pdf
	  Metadata Description of our data from 2010

	2011metadata.tmp.pdf
	  Metadata Description of our data from 2011

	2012metadata.tmp.pdf
	  Metadata Description of our data from 2012

	2013metadata.tmp.pdf
	  Metadata Description of our data from 2013

	2014metadata.tmp.pdf
	  Metadata Description of our data from 2014

	2015metadata.tmp.pdf
	  Metadata Description of our data from 2015

	2016metadata.tmp.pdf
	  Metadata Description of our data from 2016

	2017metadata.tmp.pdf
	  Metadata Description of our data from 2017
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