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Floodplain and Evacuation Network Analysis for the Extraterritorial Jurisdiction of the

City of San Marcos, Texas
J. P. HAYCOCK, C. M. Grentz, R. L. BROUSSARD, Evacuation Safety Planners

1. Abstract
The objective of this study was to assess flood risk and develop evacuation networks in an effort to assist emergency preparedness development for the City of San Marcos, Texas.  Evaluation of potential flood areas was based on historical flood data and secondary data provided by city officials.  Overlay analysis and locational selection techniques were used to identify low water crossings, proposed emergency shelters, and potential flood areas.  Network analysis was applied to evaluate flow from potential flood areas toward the nearest proposed emergency shelter while accounting for low water crossing barriers.  Network analysis results produced six service areas within the extraterritorial jurisdiction that contain adequate flood emergency capacities.  Proposal of two additional emergency shelters in the Northeast service area were deemed necessary to allow suitable evacuation capacity for the study area. Two potential hazard zones were produced representing potential flood areas that are bound by network flow restrictions.  Flood vulnerability is likely to increase as population increases within potential flood areas.  Development of interactive online evacuation routing will provide citizens with valuable emergency preparedness information.  Future application of powerful location analysis tools can provide comprehensive research results.
2. Introduction and Problem Statement

In the past ten years San Marcos, Texas has experienced two major flooding events that have caused water levels to exceed portions of the FEMA 500 year floodplain endangering a high number of people, infrastructure and property in the San Marcos region.  The City of San Marcos was interested in acquiring data on the areas susceptible to damage from flooding by looking at damage assessment data collected following the October 1998 flood.  The framework for this analysis was set by investigating and analyzing low water crossings and potential flooding zones.  Evacuation Safety Planners provided evacuation routes away from the high flood risk areas toward designated emergency shelters in the extraterritorial jurisdiction (ETJ).  By analyzing the flood vulnerability of the floodplain area, ESP assessed the ability of residents in these areas to reach designated primary or secondary shelter destinations.  Along with these investigations, ESP assigned potential new shelters for areas without existing buildings suitable for emergency shelter status.  An evacuation network for San Marcos residents was created for those in high risk areas to avoid possible problems while attempting to exit the central and most dangerous areas of the city.
This analysis provides the city with an understanding of the problem areas around the ETJ and looks at the ways to avoid inevitable disaster in the future.  Floods do occur here; the city and its residents do need to be aware of the risks they are taking.  The city can later use this information gathered to protect and serve the populace.  GIS was crucial for this study due to the fact that it was necessary to look at overlapping information such as the 100 year and 500 year floodplains, the October 1998 floodway, the roads and the parcels that had been affected in the 1998 flood to do a risk assessment.  Without being able to see where the floodway and rivers intersected with the road centerlines we would have been unable to produce a proper and accurate map of low water crossings for the ETJ.  GIS was also critical in doing the network analysis to find the fastest and safest ways to emergency shelters for the future when another flooding event, either as drastic as before or more so, occurs.  

3. Literature Review

As GIS data, research, and systems become more readily available towns and cities will find it easier to develop disaster mitigation plans.  Research into flood risk assessment addresses the need for any living area that is vulnerable to flooding to perform an analysis of conditions associated with floods.  The idea is for the entire flood event to be measured and quantified both in terms of moisture entering the flood zone to the accumulation of flood waters and the damage incurred (Thieken, Merz, Blöschl 2004).  The result of studies such as these have been the subject of larger studies performed by U.S. Government studies under the auspices of the Federal Emergency Management Agency, FEMA which in turn has focused on the vulnerability both to property and people themselves and are synthesizing the results into various media; web sites, publications, pamphlets, which are being distributed the public most at risk from flooding (St. Cyr, 2004). The result of FEMA's dissemination efforts has been an increasingly wide spread awareness by communities that emergency management is much more complex and comprehensive than traditionally perceived.  The primary reactive responses to emergencies must now be ways to avoid problems in the first place and preparing for those that undoubtedly will occur (Gunes', Kovel 2000).

4. Data

This section describes the various data used in this project; the quality of the data used; and the project requirements for this data, and how the data were used to meet these requirements.

The following listing shows the sources of the data and the types of data files received from each source, and a discussion.  Within the discussion the topics: use of this data, acquisition of this data, quality of this data, need for this data, how the data was used in the project, and the relevancy of this data to the project will be explained.  (The assumption in paper is that our audiences are GIS professionals and thus we have chosen not to create a dictionary).

City of San Marcos:

Centerline, Schools, Hydro, Buildings, City Limits, Extra Territorial Jurisdiction --ETJ.   

This purpose of this project is for ESP to develop a flood evacuation map showing the low water crossings within San Marcos.  The project utilized both 100 and 500 year flood plain map data, which assisted us in preparing an evacuation route map as well.  Many physical features of the San Marcos area had to be considered while developing solutions to solve the flood evacuation problems within San Marcos.  

All of the listed data were acquired from the City of San Marcos.  Centerline or street data were used to help develop the evacuation route and was also necessary in developing the portion of the project which addressed low water crossings.  People leaving during a flood event would find low water crossing and available roads data useful.  The Hydro information helps show areas where flooding is most possible, and since water can rise quickly during a flood this information coupled with the street data and the FEMA flood data will help identify to the City the low water crossings.  Having this detailed information ahead of time allows San Marcos to prepare for flood events by: making sure there are enough signs available to close low water crossings, developing manpower and equipment estimates, and to plan for the necessary shelter space for people unable to leave, or in need a place to reside during the flood (Thieken, Merz, Blöschl 2004).  The building data was used in calculating the number of people each building could allow to shelter there.  The details of the calculation and implementation of this information is discussed in the Methodology Section of this paper. The City Limits file and the ETJ were used to delineate the service areas for this project

Of the several files received from the City, the sole file which did not fully meet Data Quality standards was the Centerline file.  It and the other files were excellent in their accurate representation of the real world.  Next, we reviewed the Metadata for all files used in this project and found them created in compliance with  FGDC Content Standards for Digital Geospatial Metadata   FGDC-STD-001-1998. The Centerline file did however contain anomalies.  We could not ascertain if the problem was age of file related or source related, but many of the streets, 200+ had digitizing errors.  These were readily corrected and the file met the requirements of our project when a network was created to help plan evacuation routes. 

Tiger-Line:

 Census Files (http://www.census.gov/geo/www/tiger/)

The U.S. Census Bureau website has two links detailing their programs which have not only updating their records for people information (addresses, locations, and demographics) but have been equally active in updating and upgrading their databases specifically: "a digital database that identifies the type, location and name of streets, rivers, railroads and other geographic features, and geospatially defines their relationships to each other…" (http://www.census.gov/geo/www/tiger/).  

The Census files were vital to the development of this project.  Initially, we made sure that the Census Block Groups, Tracts, and Block files perfectly matched and overlaid the Centerline files and they were an exact match.  The data contained in the Census files gave us the numbers of people within their aerial units (blocks, tracts, and block groups).  This data was necessary to the location/designating of relief shelters for the evacuation plan.  Use of the Census Files allowed our group to modify a Shapefile whereby we could estimate the number of people a given build could provide shelter for during an emergency.  Discussion of the modification is covered in the Methodology section of this report.  The accuracy of the Census files, from a GIS perspective was excellent in our findings.  Every features aligned very well with existing features e.g., Centerline files, and as discussed earlier their Metadata was in compliance with FGDC-STD-001-1998.
Texas Hazard Mitigation Package (THMP):

County Boundaries, Vulnerability -- People to floods, and 100, 500 Year Flood Plains

The county boundaries file downloaded contained administrative boundaries for all of the State of Texas.  The project required the one for Hays County so it was necessary to clip Hays from the remaining counties.  The Shapefile was acquired from the THMP website (http://www.thmp.info/data_layers/vulnerability-floods.html) to serve as an outer spatial boundary for this project.  Any feature which spatially exceeded the Hays County file was clipped for neatness and to maintain the integrity of calculations.  For instance one school Shapefile which we chose not to use because it was a point file, had points which lay outside the county boundary and would have been clipped.  It was necessary from both a visual and a practical matter to incorporate a county boundary file. The quality of this file for our use was acceptable for this project.  This portion of the project was primarily an aesthetic to provide balance to only a few of our presentation maps and the dependence of other maps parts upon this file was minimal.  

The Vulnerability of People to flooding data was on the other hand necessary to our project.  We clipped this file using the 500 year flood plain file, to calculate the number of people that would be displaced should a 500 year flood event occur again in San Marcos.  The same clip was performed with the 100 year Shapefile, but it was decided to use the 500 year plan for designating shelters and low water crossings.  ESP observed that FEMA's article "At Risk: Natural Hazards, People's Vulnerability, and Disasters,   (St. Cyr, 2004) emphasized what San Marcos decided that in emergency planning it was prudent to plan for the worst scenario first and if a lesser event happens the odds of shortages of shelter and supplies would likely not be realized. THMP is actively promoting its data to communities in Texas, especially those involved with integrating GIS into their emergency planning management operations.  (Gunes', Kovel 2000). The quality of these files is very good; they accurately align with the rivers and streams displayed in our project maps. This file like the others used in our project is in compliance with  FGDC Content Standards for Digital Geospatial Metadata   FGDC-STD-001-1998.
5. Methods
Processed datasets were used within a designed analysis methodology.  Analysis outputs were used to develop map products and other final deliverables.  Specific problems and questions were addressed when applying various analysis techniques within the GIS.  Analysis methods were aimed at determining potential flood areas, identifying low water crossings, designating proposed emergency shelters, evaluating historical flood damage, assessing flood vulnerability, and creating evacuation networks and service areas with the study area.  The analysis procedures were applied within a GIS format developed through ESRI’s ArcGIS version 9.1 software.  Specific analysis extensions were used to handle the various issues described above.

Potential flood areas were determined through overlay analysis.  FEMA 100 and 500 year floodplains and the October 1998 floodway were overlaid to establish the polygon boundary of potential flood areas.  Additional overlay of major creeks and rivers established a set of features used for determining low water crossings, flood vulnerability, emergency shelter locations, and evacuation network barriers.

Low water crossings were identified through overlay analysis of the October 1998 floodway and the centerline road features.  A selection based on location was applied to identify points where the centerline road features intersected potential flood areas based on the historical data from the October 1998 flood event.  These point features were used within the evacuation network analysis as barriers of network flow.  Specific low water crossings established by the City of San Marcos, Texas were verified from higher accuracy data provided by E.A.G.L.E. GIS consultants.  Map products from a 2005 study performed by E.A.G.L.E. identified established low water crossings within the City of San Marcos, Texas.  These established low water crossings and the outputs point features of the overlay analysis were coupled within a point feature dataset to describe all low water crossings.

Proposed emergency shelter locations were designated based on location, type, and size.  All buildings within potential flood areas were excluded from study area in an effort to proposed safe locations.  The selection of features outside potential flood areas was then refined to include various types of structures based on attribute data within the buildings dataset.  Structure types included schools, churches, hotels, and activity centers.  Calculation of structure holding capacities was performed by dividing structure area attribute data by twelve.  This standardized formula was used to estimate the suitability of various buildings as emergency shelters.  Estimated structure capacities were also applied in an additive manner to provide ample shelter space within each service area created by the network analysis.  Two additional proposed shelters were added to the results of the shelter analysis to provide appropriate coverage within the extraterritorial jurisdiction.  The refined dataset of proposed emergency shelters was later used in the network analysis to represent endpoint features for evacuation routing.

Tabular data from the San Marcos, Texas flood event of October 1998 were joined to the attribute table within the parcel dataset.  Flood damage ratings termed destroyed, major, and minor were assigned to spatially referenced land parcels based on the address attribute.  Parcels with destroyed, major, or minor flood damage were assigned different symbology within map products to illustration the effects of a major flood event.

Flood vulnerability within the potential flood area was assessed by using data provided by the Texas Hazard Mitigation Package.  Coverage of the potential flood area included datasets from Hays, Comal, Caldwell, and Guadalupe counties.  The four datasets were clipped by the potential flood area and the vulnerability score attribute was used to assess flood vulnerability to the population within the potential flood area.  Vulnerability scores were supplied by the Texas Hazard Mitigation Package and represent the population divided by a vulnerability factor.  The vulnerability factor was assigned to each polygon based on the severity of historical flood damage assessment.  Census block polygons within the clipped datasets were later assigned a vulnerability rating ranging from very low to extreme and designated using appropriate symbology.

Evacuation networks and service areas were created to establish appropriate flood emergency preparedness.  Datasets for centerline, low water crossings, potential emergency shelters, and potential flood area were incorporated in a network dataset.  The network was built using ESRI’s Arc Catalog data management software.  Network flow was generated and directed by the Network Analyst extension provided by ESRI.  Within the network, flow was directed on the amended centerline dataset and low water crossing were imported as barriers.  The Closest Facility application within Network Analyst was used to establish locations for proposed shelters as endpoints for network flow.  
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Methodology Screenshot 1:  Network analysis using the Closest Facility application. Incorporation of low water crossings and proposed emergency shelter locations.

Various incident points were sampled in and around the potential flood area to generate shortest-path routes from incident to closest facility on the centerline network.  Sampled incident points were selected to ensure appropriate routing around low water crossing barriers and validate the structure of the network with regard to rules of flow and shortest-path routing.
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Methodology Screenshot 2:  Network analysis using the Closest Facility application.  Sampled incident points and resultant shortest-path flow on the centerline network.

Service areas were created based on the incident sampling and proposed emergency shelters.  A polygon dataset containing six service areas and two potential hazard zones was built to illustrate the network analysis findings.  Service areas were coupled with proposed emergency shelters located within each service area boundary.  Potential hazard zones were identified as those areas where the network analysis could not generate a route to a proposed emergency shelter.  The two hazard zones were symbolized as isolated polygons bound by low water crossing barriers without access to a proposed shelter.

Interpretation of analysis results and development of map products were constant throughout the application of methodologies.  Results from one analysis technique were often used in successive analysis processes.  Such was the case for low water crossings which not only illustrated reference points on a map, but also defined barriers to flow within the network dataset. 

6. Results

When we first began, ESP identified the low water crossings in the area and found that there were many more potential problem spots than previously expected.  In looking at where the floodway and major rivers overlapped the centerline road file we found 57 places that could present a problem in the future.  All of these spots lie within the two floodplains and the floodway making them all places that could create issues for drivers during a time of crisis.
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Results Figure 1:  Low Water Crossings.

The red stars represent the areas where the floodway crossed with a street making it a potential low water crossing in the future.  These also include the low water crossings marked by the water level sticks around the city.
ESP worked out a risk assessment for different areas from the 1998 flood data that was acquired.  This basically is to show what has happened in years past and give a basis for comparison.  This is to show the actual properties that were damaged in the previous flood and whether the damage was minor, major or destroyed.  ESP did this with the damage assessment reports given to us by the City of San Marcos.  ESP decided that it was most important to show the heavier damage and not those where only a few inches of water was involved.  Most of the damage occurred on Riverside, Gravel, Hunter, Riviera and River Road.  There are a few spots that were affected with major or minor damage outside of the floodway and floodplains on Moore, Burleson and Belvin.  Sherwood and Ellis also had some minor damage but even though they lie outside of the floodway and floodplain they are much closer than the three streets discussed above.  
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Results Figure 2:  Risk assessment using parcel damages.

This map shows the 1998 damage assessment that was gathered from the two damage assessment reports.  The dark red spots are the destroyed properties, the orange ones are the properties that had major damage and the light orange ones are the minor damage that occurred in the area.  This is a zoomed in map of central San Marcos where all the damage from that flood occurred.  Some parcels overlapped each other in places that were dually affected creating a larger damage section.  
ESP then worked on figuring out the most suitable places for shelters in the area.  This was accomplished by using the buildings within the San Marcos City Limit and separating out the places that would assist residents in a time of emergency.  We decided to use mainly schools and churches.  Most of Texas State University was not used in this study due to the fact that if a flood did occur during the spring or fall semester most of the dorms would be completely inhabited and the actual school buildings would be shut down in the case of an emergency and the dorms would already have people living in them if it was during the school year or even during the summer when kids come to summer camps.  The ones we chose to keep were the Student Recreation Center and LBJ Student Center.  Hotels were kept on the map just incase people had the ability to go there instead of to a shelter.  In the extra category there is the Dunbar Recreation Center, Sunset Bowling Lanes, Movie Theater and the Hays County Annex.  These four buildings would all be great shelter buildings if they would allow it.  
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Results Figure 3:  Shelters for Northwest section of city.

There are a number of churches located here along with a few larger University buildings (The Student Rec Center and LBJ Student Center), an elementary school (Crocket Elementary) and one inn (Crystal River Inn).  The three school buildings (orange) would be the recommended primary shelters due to the fact that their size is much larger than the other buildings in the area and the other smaller churches/other buildings could be used as secondary shelters incase of either overflow or any other kind of emergency issue.  There is a trapped section in the floodplains and floodway where people would have to stay if that is the only way they had to go.  There are three churches in this area (El Buen Pastor United Methodist Church, Primera Iglesia Bautista and the Abundant Life Christian Church) as well that could provide added assistance if necessary.   In this area the number of people that could be evacuated into shelters would be about 39,343 people not taking into account if there were items in the buildings such as chairs, desks or pews in a church.  The primary shelters could hold about 17,386 people.  We used a 12 square foot per person plan when figuring out how many people we could fit in the designated shelter buildings. 
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Results Figure 4:  Shelters for the North section of San Marcos.

The north section of San Marcos mostly is the row of hotels along IH35.  These places would be beneficial for those people who could afford to go.  But there are three churches as well (Calvary Baptist Church, First United Pentecostal Church and First Baptist Church SBC) for those people who are not financially stable enough in the time of an emergency to go to a hotel or motel.  These three churches should be enough to hold the rest of the residents who can not go to a hotel even though they are relatively small buildings.  If one includes the motels and hotels the total number of people able to be evacuated in this area would be 16,379.  If one does not include the motels and hotels the total number of people that could be placed in the shelters would be 2218.   These figures do not take into account what obstructions could be in place inside each building, nor does it take into account how many people would be allowed to stay in a single hotel or motel room.  If one takes into account these factors the results of number of people in each place would be vastly different but without detailed information and fire safety standards we can not go into such detail. 
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Results Figure 5:  Shelters proposed for East section of city.

Unfortunately all the buildings in this section of the ETJ were not labeled.  Some of these buildings did look large enough to fit a good number of people but without knowing what these buildings are ESP could not assign a shelter in a building already in place for this section of the city.  The best idea would be to travel farther down IH35 to a hotel or into Austin.  We have proposed two locations for temporary shelters incase people did not have transportation to farther areas.  These locations are close to the mass of residential areas located within the two floodplains to provide the easiest evacuation.  The new proposed fire station is also going to be over by the airport in this area and by these two proposed shelters which could provide added assistance.  Depending on how large these buildings were built changes the number of people that could be placed inside them so we do not have an estimate at this time.
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Results Figure 6:  Shelters in the Southeast section of the city.

The San Marcos High School, Goodnight Junior High School and Lorenzo DeZevala Elementary School are all places that could be used as primary shelters.  There is also the Hampton Inn for those, once again, who are well off enough to stay there and a number of churches (Sinai Pentecostal Church, The Door Christian Fellowship, Iglesia Baustista Emanuel) are located in this area too to provide secondary shelters if necessary.  Highway 123 is a large road that could be easily used to evacuate people down into this area to the shelters.  The total amount of people able to fit in these shelters with the 12 square foot per person plan in this area would be 43,997 people.
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Results Figure 7:  Shelters in the West section of the city.

In this section of the ETJ there is the Maria Hernandez Middle School and the Doris Miller Junior High School for the primary shelters.  The secondary shelters consist of two churches, the Solid Rock Church and Church of Christ, and the Amerihost Inn.  This area has many river/creek branches in it and getting around in a car could potentially be a problem.  Fortunately the shelters are situated in all the areas where people could be potentially stranded.  In this area the total number of people that could be evacuated to these shelters by the 12 square foot per person plan we are going by is 21,079 people.  
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Results Figure 8:  Primary shelters in central San Marcos, Texas.

This is a map of the final selection of primary shelters.  These are the shelters that people would first be directed to just to get them out of the danger area then they could be moved to other smaller shelters with beds or cots etc.  These shelters are the larger buildings in each area taking into account the area of the building.  We found that the building area was not actually square footage but a general area of the shape of the building.  This could change the available area for people in each shelter if they have more stories or if they are filled with chairs/tables/desks etc.  In the northern area of the map the three primary shelters are relatively small but this is also the area where the hotels are located.  The three churches could be used for those who needed it and those who were financially stable enough could go to one of the many hotels in the area. Over on the east side we have the two proposed shelters that are close enough to the main roads and would be easily accessible.  In the southern area there are many options because of the plethora of schools in this section.  If those get full there will still be a good amount of other shelters such as churches that could be used and one small bed and breakfast as well. These will just be the main ones for the first few hours of the evacuation when people just need to immediately leave their homes.  The total amount of people that would be able to locate to the primary shelters would be about 78,035 people.  This is taking 12 square feet per person into account without taking into account if there are any obstructions in the buildings such as chairs, desks, pews, tables etc.
ESP has also designated service areas for the ETJ by using the network analyst to determine evacuation routes around the city.  This has split the ETJ up into six zones with two potentially hazardous zones towards the center.  In these zones there are low water crossings surrounding the area causing an inescapable area without access to a shelter of any type.  
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Results Figure 9:  Designated Service Areas

These are the designated service areas for the ETJ showing the primary emergency shelters and low water crossings.  The red hashed zones are the areas that are potentially hazardous for the city where there are no shelters available in the area and no route out as well. 
7. Discussion 

For the most part, the data provided to complete this project was adequate enough to accomplish the analysis that was necessary.  It would have been better had we had more detailed information on the actual places that were affected by the October 1998 flooding event but the parcel information was sufficient.  The parcel data that was given to us was confusing due to not knowing what ‘skirting’ meant, if ‘affected’ was worse than minor or what the descriptions of inches or feet meant in relation to how much damage was actually done.  We used the ones described as ‘major’, ‘minor’ or ‘destroyed’ because we could make sense of those immediately.  We could not understand why the others would not have been lumped into the category of minor if they only had a few inches of water or into the category of major with many feet of water.  What constituted minor or major was the major problem we ran into with this dataset.  

The shelters were a problem due to the fact that there was little information about the buildings and that most of the buildings in the shapefile were not labeled at all.  The fact that the buildings had one story or five did not really matter because the area given to us in the file was just the outside area of the building and not the actual square footage. The square footage would have been much more helpful in deciding which shelter would be more capable of holding a greater number of people.  There were a lot of buildings unlabeled on the east side of the city that we could not assign a shelter to because there was no way of discovering what the building was actually used for.  With more detailed information on the buildings we could have probably made a shelter out of an existing building over on the east side of the ETJ but instead we had to propose two new buildings to be constructed for use as shelters just incase.  Another problem we ran into was the fact that we did not know if we needed to take into account cots or beds in relation to the number of people being put in the shelters.  Without knowing how we were supposed to be sheltering the people it was difficult to decide how many shelters were going to be needed for a certain area.  We decided to use twelve square feet per person to decide the best shelters to make into the primary ones from all of the potential ones we had discovered.  This allowed us to designate buildings that would most likely have the biggest space for a large amount of people without knowing exactly how many square feet we had to work with throughout an entire building.  Although twelve square feet per person does not constitute a lot of space we decided it would work out appropriately at this time for the immediate necessity of knowing an estimate of how many people could potentially fit in a certain place.  We also did not go through each building to find out the number of people allowed in each building was in relation to fire safety standards.
We also did not know which people would just be driving away from San Marcos and into Austin or San Antonio as opposed to needing to go to a shelter.  There is a group of hotels along the IH-35 corridor that many people in the city would probably go to if they had the means to do so.  This could not be taken into account and therefore no hotels were made into primary shelters.  We kept them on the maps just to show where they were located incase people had a high enough income to stay there.  The data gathered from the census information was necessary but not exactly perfect therefore it was difficult to properly designate an area for the city.  We did the areas based on the way the floodplain flowed making it easier for people to get out of the floodway and floodplains and onto safer ground.  But without being able to know the precise number of people that would be heading down an evacuation route the shelters we have designated could quickly overflow.  To avoid this from happening we have kept enough potential shelter options open just incase shelters begin to spill over and people need to be placed elsewhere.  This should allow people a few options to work with while dealing with the emergency at hand.  
There are designated service areas that we have found by using the network analyst to discover the evacuation routes available in the city.  While analyzing these we found two hazardous zones in the ETJ where places are completely bound by low water crossings therefore making it impossible to access.  These are also areas that have no shelters within their limits and could present a large problem for the people living within these zones.
8. Conclusions

These projects are good for us in the fact that they help us discover what its like to produce a product in the real world.  Throughout this project we have discovered that there are different areas within the ETJ where people need be aware of the dangers of living in those places.  We also learned that there are hazardous zones that need to be paid close attention to so that the people, infrastructure and property can be salvaged in the event of a flood.  The city needs to remedy the situation in these areas to protect the citizens in the future if and when another major flooding event occurs.  The shelters that have been designated need to be made aware of the fact that they will be needed in the event of an emergency and more information on each building needs to be taken into account.  In the eastern area of the ETJ buildings need to be looked at to see if a more suitable shelter could be created out of an existing building instead of having to build two places just to be used as shelter areas when a flood does happen.  Overall, the city of San Marcos needs to pay close attention to the designated areas within the ETJ so as to create plausible and concrete evacuation paths out from the floodplains and floodway so that in emergency situations there will not be completely frantic inhabitants running amuck. 
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10.  Appendix I: Metadata
Centerline

Metadata:

· Identification_Information 

· Data_Quality_Information 

· Spatial_Data_Organization_Information 

· Spatial_Reference_Information 

· Entity_and_Attribute_Information 

· Distribution_Information 
· Metadata_Reference_Information 



Identification_Information: 

Citation: 

Citation_Information: 

Originator: U.S. Department of Commerce Bureau of the Census Geography Division 

Publication_Date: 2001 

Title: 

Centerline 

Edition: Redistricting Census 2000 

Geospatial_Data_Presentation_Form: vector digital data 

Series_Information: 

Series_Name: TIGER/Line Files 

Issue_Identification: Version (MMYY) represents the month and year file created 

Publication_Information: 

Publication_Place: Washington, DC 

Publisher: U.S. Department of Commerce Bureau of the Census Geography Division 

Online_Linkage: \\ROBERTS\C\Documents and Settings\Robert\Desktop\New Folder\Completed\Centerline.shp 

Description: 

Abstract: 

TIGER, TIGER/Line, and Census TIGER are registered trademarks of the Bureau

of the Census. The Redistricting Census 2000 TIGER/Line files are an extract

of selected geographic and cartographic information from the Census TIGER

data base.  The geographic coverage for a single TIGER/Line file is a county

or statistical equivalent entity, with the coverage area based on January 1,

2000 legal boundaries.  A complete set of Redistricting Census 2000 TIGER/Line

files includes all counties and statistically equivalent entities in the United

States and Puerto Rico.  The Redistricting Census 2000 TIGER/Line files will

not include files for the Island Areas. The Census TIGER data base represents

a seamless national file with no overlaps or gaps between parts.  However, each

county-based TIGER/Line file is designed to stand alone as an independent data

set or the files can be combined to cover the whole Nation.  The Redistricting

Census 2000 TIGER/Line files consist of line segments representing physical

features and governmental and statistical boundaries.  The Redistricting Census

2000 TIGER/Line files do NOT contain the ZIP Code Tabulation Areas (ZCTAs) and

the address ranges are of approximately the same vintage as those appearing in

the 1999 TIGER/Line files.  That is, the Census Bureau is producing the

Redistricting Census 2000 TIGER/Line files in advance of the computer processing

that will ensure that the address ranges in the TIGER/Line files agree with the

final Master Address File (MAF) used for tabulating Census 2000.  The files contain

information distributed over a series of record types for the spatial objects of a

county.  There are 17 record types, including the basic data record, the shape

coordinate points, and geographic codes that can be used with appropriate software

to prepare maps.  Other geographic information contained in the files includes

attributes such as feature identifiers/census feature class codes (CFCC) used to

differentiate feature types, address ranges and ZIP Codes, codes for legal and

statistical entities, latitude/longitude coordinates of linear and point features,

landmark point features, area landmarks, key geographic features, and area

boundaries.  The Redistricting Census 2000 TIGER/Line data dictionary contains

a complete list of all the fields in the 17 record types.
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Purpose: 

In order for others to use the information in the Census TIGER data base in a

geographic information system (GIS) or for other geographic applications, the

Census Bureau releases to the public extracts of the data base in the form of

TIGER/Line files.  Various versions of the TIGER/Line files have been released;

previous versions include the 1990 Census TIGER/Line files, the 1992 TIGER/Line

files, the 1994 TIGER/Line files, the 1995 TIGER/Line files, the 1997 TIGER/Line

files, the 1998 TIGER/Line files, and the 1999 TIGER/Line files.  The Redistricting

Census 2000 TIGER/Line files were originally produced to support the Census 2000

Redistricting Data Program.
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Supplemental_Information: 

To find out more about TIGER/Line files and other Census TIGER

data base derived data sets visit http://www.census.gov/geo/www/tiger.
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Time_Period_of_Content: 

Time_Period_Information: 

Single_Date/Time: 

Calendar_Date: 2000 

Currentness_Reference: [image: image21.png]



2000

Status: 

Progress: Complete 

Maintenance_and_Update_Frequency: TIGER/Line files are extracted from the Census TIGER data base when needed for geographic programs required to support the census and survey programs of the Census Bureau. No changes or updates will be made to the Redistricting Census 2000 TIGER/Line files. Future releases of TIGER/Line files will reflect updates made to the Census TIGER data base and will be released under a version numbering system based on the month and year the data is extracted. 

Spatial_Domain: 

Bounding_Coordinates: 

West_Bounding_Coordinate: -98.043158 

East_Bounding_Coordinate: -97.806295 

North_Bounding_Coordinate: 29.963828 

South_Bounding_Coordinate: 29.751478 

Keywords: 

Theme: 

Theme_Keyword_Thesaurus: None 

Theme_Keyword: Line Feature 

Theme_Keyword: Feature Identifier 

Theme_Keyword: Census Feature Class Code (CFCC) 

Theme_Keyword: Address Range 

Theme_Keyword: Geographic Entity 

Theme_Keyword: Point/Node 

Theme_Keyword: Landmark Feature 

Theme_Keyword: Political Boundary 

Theme_Keyword: Statistical Boundary 

Theme_Keyword: Polygon 

Theme_Keyword: County/County Equivalent 

Theme_Keyword: TIGER/Line 

Theme_Keyword: Topology 

Theme_Keyword: Street Centerline 

Theme_Keyword: Latitude/Longitude 

Theme_Keyword: ZIP Code 

Theme_Keyword: Vector 

Theme_Keyword: TIGER/Line Identification Number (TLID) 

Theme_Keyword: Street Segment 

Theme_Keyword: Coordinate 

Theme_Keyword: Boundary 

Place: 

Place_Keyword_Thesaurus: FIPS Publication 6-4 FIPS Publication 55 

Place_Keyword: United States 

Place_Keyword: Puerto Rico 

Place_Keyword: County 

Access_Constraints: None 

Use_Constraints: 

None.  Acknowledgment of the U.S. Bureau of the Census would be appreciated for

products derived from these files.  TIGER, TIGER/Line, and Census TIGER are

registered trademarks of the Bureau of the Census.
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Native_Data_Set_Environment: 

Microsoft Windows XP Version 5.1 (Build 2600) Service Pack 2; ESRI ArcCatalog 9.1.0.722 
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Data_Quality_Information: 

Attribute_Accuracy: 

Attribute_Accuracy_Report: 

Accurate against Federal information Processing Standards

(FIPS), FIPS Publication 6-4, and FIPS-55 at the 100% level for the codes and base

names.  The remaining attribute information has been examined but has not been fully

tested for accuracy.
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Logical_Consistency_Report: 

The feature network of lines (as represented by Record Types 1 and 2) is compete

for census purposes.  Spatial objects in TIGER/Line belong to the "Geometry and

Topology" (GT) class of objects in the "Spatial Data Transfer Standard" (SDTS)

FIPS Publication 173 and are topologically valid.  Node/geometry and topology

(GT)-polygon/chain relationships are collected or generated to satisfy topological

edit requirements.  These requirements include:

* Complete chains must begin and end at nodes.

* Complete chains must connect to each other at nodes.

* Complete chains do not extend through nodes.

* Left and right GT-polygons are defined for each complete chain element and are

consistent throughout the extract process.

* the chains representing the limits of the files are free of gaps.

The Census Bureau performed automated tests to ensure logical consistency and limits

of files.  All polygons are tested for closure.  The Census Bureau uses its internally

developed Geographic Update System to enhance and modify spatial and attribute data in

the Census TIGER data base.  Standard geographic codes, such as FIPS codes for states,

counties, municipalities, and places, are used when encoding spatial entities.  The

Census Bureau performed spatial data tests for logical consistency of the codes during

the compilation of the original Census TIGER data base files.  Most of the Codes

themselves were provided to the Census Bureau by the USGS, the agency responsible for

maintaining FIPS 55. Feature attribute information has been examined but has not been

fully tested for consistency.
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Completeness_Report: 

Data completeness of the TIGER/Line files reflects the contents of the Census TIGER

data base at the time the TIGER/Line files (Redistricting Census 2000 version) were

created.
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Positional_Accuracy: 

Horizontal_Positional_Accuracy: 

Horizontal_Positional_Accuracy_Report: 

The information present in these files is provided for the purposes of statistical

analysis and census operations only.  Coordinates in the TIGER/Line files have six

implied decimal places, but the positional accuracy of these coordinates is not as

great as the six decimal places suggest.  The positional accuracy varies with the

source materials used, but generally the information is no better than the established

national map Accuracy standards for 1:100,000-scale maps from the U.S. Geological

Survey (USGS); thus it is NOT suitable for high-precision measurement applications

such as engineering problems, property transfers, or other uses that might require

highly accurate measurements of the earth's surface.  The USGS 1:100,000-scale maps

met national map accuracy standards and use coordinates defined by the North

American Datum, 1983.  For the contiguous 48 States, the cartographic fidelity of

most of the Redistricting Census 2000 TIGER/Line files, in areas outside the

1980 census Geographic Base File/Dual Independent map Encoding (GBF/DIME) file

coverage and selected other large metropolitan areas, compare favorable with the

USGS 1:100,000-scale maps.  The Census Bureau cannot specify the accuracy of

features inside of what was the 1980 GBF/DIME-File coverage or selected metropolitan

areas.  The Census Bureau added updates to the TIGER/Line files that enumerators

annotated on maps sheets prepared from the Census TIGER data base as they attempted

to traverse every street feature shown on the Census 2000 map sheets; the Census

Bureau also made other corrections from updated map sheets supplied by local

participants for Census Bureau programs.  The locational accuracy of these updates

is of unknown quality.  In addition to the Federal, State, and local sources,

portions of the files may contain information obtained in part from maps and

other materials prepared by private companies.  Despite the fact the TIGER/Line

data positional accuracy is not as high as the coordinate values imply, the

six-decimal place precision is useful when producing maps.  The precision allows

features that are next to each other on the ground to be placed in the correct

position, on the map, relative to each other, without overlap.
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Lineage: 

Source_Information: 

Source_Citation: 

Citation_Information: 

Originator: U.S. Department of Commerce Bureau of the Census Geography Division 

Publication_Date: Unpublished material 

Title: 

Census TIGER data base 

Edition: Redistricting Census 2000 

Type_of_Source_Media: On line 

Source_Time_Period_of_Content: 

Time_Period_Information: 

Single_Date/Time: 

Calendar_Date: 2000 

Source_Currentness_Reference: 

Date the file was made available to create TIGER/Line File extracts. 

Source_Citation_Abbreviation: 

TIGER 

Source_Contribution: 

Selected geographic and cartographic information (line segments) from

the Census TIGER data base.
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Process_Step: 

Process_Description: 

In order for others to use the information in the Census TIGER data base in

a GIS or for other geographic applications, the Census Bureau releases periodic

extracts of selected information from the Census TIGER data base, organized as

topologically consistent networks.  Software (TIGER DB routines) written by the

Geography Division allows for efficient access to Census TIGER system data.

TIGER/Line files are extracted from the Census TIGER data base by county or

statistical equivalent area.  Census TIGER data for a given county or statistical

equivalent area is then distributed among 17 fixed length record ASCII files, each

one containing attributes for either line, polygon, or landmark geographic data

types.  The Census Bureau has released various versions of the TIGER/Line files

since 1988, with each version having more updates (feature and feature names,

address ranges and ZIP Codes, coordinate updates, revised field definitions, etc.)

than the previous version.
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Source_Used_Citation_Abbreviation: 

Census TIGER data base 

Process_Date: 2000 

Process_Step: 

Process_Description: [image: image29.png]



Metadata imported.

Source_Used_Citation_Abbreviation: 

C:\DOCUME~1\BOBBRO~1\LOCALS~1\Temp\xmlA0.tmp 

Process_Step: 

Process_Description: [image: image30.png]



Dataset moved.

Source_Used_Citation_Abbreviation: 

F:\EZ_Bus\Geo_4427_Project\Floodproject\New_Folder\GISMGR_Centerline 
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Spatial_Data_Organization_Information: 

Indirect_Spatial_Reference_Method: 

Federal Information Processing Standards (FIPS) and feature names and addresses. 

Direct_Spatial_Reference_Method: Vector 

Point_and_Vector_Object_Information: 

SDTS_Terms_Description: 

SDTS_Point_and_Vector_Object_Type: String 

Point_and_Vector_Object_Count: 1729 

SDTS_Terms_Description: 

SDTS_Point_and_Vector_Object_Type: Entity point 

SDTS_Terms_Description: 

SDTS_Point_and_Vector_Object_Type: Complete chain 

Point_and_Vector_Object_Count: 790 to 83,000 

SDTS_Terms_Description: 

SDTS_Point_and_Vector_Object_Type: GT-polygon composed of chains 

Point_and_Vector_Object_Count: 290 to 33,000 
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Spatial_Reference_Information: 

Horizontal_Coordinate_System_Definition: 

Planar: 

Map_Projection: 

Map_Projection_Name: Lambert Conformal Conic 

Lambert_Conformal_Conic: 

Standard_Parallel: 28.383333 

Standard_Parallel: 30.283333 

Longitude_of_Central_Meridian: -99.000000 

Latitude_of_Projection_Origin: 27.833333 

False_Easting: 1968500.000000 

False_Northing: 13123333.333333 

Planar_Coordinate_Information: 

Planar_Coordinate_Encoding_Method: coordinate pair 

Coordinate_Representation: 

Abscissa_Resolution: 0.000128 

Ordinate_Resolution: 0.000128 

Planar_Distance_Units: survey feet 

Geodetic_Model: 

Horizontal_Datum_Name: North American Datum of 1983 

Ellipsoid_Name: Geodetic Reference System 80 

Semi-major_Axis: 6378137.000000 

Denominator_of_Flattening_Ratio: 298.257222 
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Entity_and_Attribute_Information: 

Detailed_Description: 

Entity_Type: 

Entity_Type_Label: Centerline 

Attribute: 

Attribute_Label: FID 

Attribute_Definition: [image: image31.png]



Internal feature number.

Attribute_Definition_Source: [image: image32.png]



ESRI

Attribute_Domain_Values: 

Unrepresentable_Domain: 

Sequential unique whole numbers that are automatically generated. 

Attribute: 

Attribute_Label: Shape 

Attribute_Definition: [image: image33.png]



Feature geometry.

Attribute_Definition_Source: [image: image34.png]



ESRI

Attribute_Domain_Values: 

Unrepresentable_Domain: 

Coordinates defining the features. 

Attribute: 

Attribute_Label: PREFIX_DIR 

Attribute: 

Attribute_Label: NAME 

Attribute: 

Attribute_Label: ROAD_TYPE 

Attribute: 

Attribute_Label: SUFFIX_DIR 

Attribute: 

Attribute_Label: LEFT_LOW 

Attribute: 

Attribute_Label: LEFT_HIGH 

Attribute: 

Attribute_Label: LOW 

Attribute: 

Attribute_Label: HIGH 

Attribute: 

Attribute_Label: ALIAS 

Attribute: 

Attribute_Label: CLASS 

Attribute: 

Attribute_Label: COUNTY 

Attribute: 

Attribute_Label: GDO_GEOMET 

Attribute: 

Attribute_Label: MSLINK 

Attribute: 

Attribute_Label: ZIP_CODE 

Attribute: 

Attribute_Label: NEIGHBOR 

Attribute: 

Attribute_Label: SECTOR 

Attribute: 

Attribute_Label: PANEL_NUMB 

Attribute: 

Attribute_Label: LENGTH_MIL 

Attribute: 

Attribute_Label: SHAPE_LEN 

Overview_Description: 

Entity_and_Attribute_Overview: 

The TIGER/Line files contain data describing three major

types of features/entities;

Line Features -

1) Roads

2) Railroads

3) Hydrography

4) Miscellaneous transportation features and selected power lines and pipe lines

5) Political and statistical boundaries

Landmark Features -

1) Point landmarks, e.g., schools and churches.

2) Area landmarks, e.g., Parks and cemeteries.

3) Key geographic locations (KGLs), e.g., shopping centers and factories.

Polygon features -

1) Geographic entity codes for areas used to tabulate the Census 2000 census

statistical data and 1990 geographic areas

2) Locations of area landmarks

3) Locations of KGLs

The line features and polygon information form the majority of data in the TIGER/Line

files.  Some of the data/attributes describing the lines include coordinates, feature

identifiers (names), CFCCs (used to identify the most noticeable characteristic of a

feature), address ranges, and geographic entity codes.  The TIGER/Line files contain

point and area labels that describe landmark features and provide locational reference.

Area landmarks consist of a feature name or label and feature type assigned to a polygon

or group of polygons.  Landmarks may overlap or refer to the same set of polygons.

The Census TIGER data base uses collections of spatial objects (points, lines, and

polygons) to model or describe real-world geography.  The Census Bureau uses these

spatial objects to represent features such as streets, rivers, and political boundaries

and assigns attributes to these features to identify and describe specific features

such as the 500 block of Market Street in Philadelphia, Pennsylvania.
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Entity_and_Attribute_Detail_Citation: 

U.S. Bureau of the Census, TIGER/Line files,

Redistricting Census 2000 Technical Documentation.  The TIGER/Line documentation

defines the terms and definitions used within the files.
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Distribution_Information: 

Distributor: 

Contact_Information: 

Contact_Organization_Primary: 

Contact_Organization: U.S. Department of Commerce Bureau of the Census Geography Division Products and Services Staff 

Contact_Address: 

Address_Type: Physical address 

Address: [image: image37.png]



8903 Presidential Parkway, WP I

City: Upper Marlboro 

State_or_Province: Maryland 

Postal_Code: 20772 

Contact_Address: 

Address_Type: Mailing address 

Address: [image: image38.png]



Bureau of the Census

City: Washington 

State_or_Province: District of Columbia 

Postal_Code: 20233-7400 

Contact_Voice_Telephone: (301) 457-1128 

Contact_Voice_Telephone: (301) 457-1128 

Contact_Facsimile_Telephone: (301) 457-4710 Contact_Electronic _Mail_Address: tiger@census.gov 

Resource_Description: Redistricting Census 2000 TIGER/Line Files 

Distribution_Liability: 

No warranty, expressed or implied is made and no liability is

assumed by the U.S. Government in general or the U.S. Census Bureau in specific as

to the positional or attribute accuracy of the data.  The act of distribution shall

not constitute any such warranty and no responsibility is assumed by the U.S.

Government in the use of these files.
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Standard_Order_Process: 

Digital_Form: 

Digital_Transfer_Information: 

Format_Name: TGRLN (compressed) 

Format_Version_Number: Redistricting Census 2000 

File_Decompression_Technique: PK-ZIP, version 1.93A or higher 

Transfer_Size: 0.323 

Digital_Transfer_Option: 

Online_Option: 

Computer_Contact_Information: 

Network_Address: 

Network_Resource_Name: www.census.gov/geo/www/tiger 

Fees: The online copy of the TIGER/Line files may be accessed without charge. See http://www.census.gov/geo/www/tiger for information on availability on CD-ROM/DVD and associated costs for these products. 

Ordering_Instructions: 

To obtain more information about ordering TIGER/Line files visit

http://www.census.gov/geo/www/tiger.

Technical_Prequisites: The Redistricting Census 2000 TIGER/Line files contain geographic

data only and do not include display or mapping software or statistical data.  A

list of vendors who have developed software capable of processing TIGER/Line files

can be found by visiting http://www.census.gov/geo/www/tiger
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Metadata_Reference_Information: 

Metadata_Date: 20061207 

Metadata_Contact: 

Contact_Information: 

Contact_Organization_Primary: 

Contact_Organization: U.S. Department of Commerce Bureau of the Census Geography Division Products and Services Staff 

Contact_Person: REQUIRED: The person responsible for the metadata information. 

Contact_Address: 

Address_Type: Physical Address 

Address: [image: image41.png]



8903 Presidential Parkway, WP I

City: Upper Marlboro 

State_or_Province: Maryland 

Postal_Code: 20772 

Contact_Voice_Telephone: (301) 457-1128 

Contact_Electronic_Mail_Address: tiger@census.gov 

Metadata_Standard_Name: FGDC Content Standards for Digital Geospatial Metadata 

Metadata_Standard_Version: FGDC-STD-001-1998 

Metadata_Time_Convention: local time 

Metadata_Extensions: 

Online_Linkage: http://www.esri.com/metadata/esriprof80.html 

Profile_Name: ESRI Metadata Profile 

11.  Appendix II: Contributions of Each Team Member

Jason Haycock 
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 Project Proposal
· Compilation and Document Design
· Proposal

Data

Methodology

Timeline

· Participation
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 Progress Report and Presentation
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 Final Report
· Compilation and Document Design
· Abstract
· Methods
· Appendix II:  Contribution of Each Team Member
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 Analysis and Map Products
· Identification of potential flood area through overlay of FEMA floodplains, San Marcos, Texas floodway, and hydrology datasets.
· Flood vulnerability assessment based on Texas Hazard Mitigation Package data.  Clipped data from four counties and applied quantile classification for map symbology.  Generated map products illustrating population vulnerability to floods and produced modified datasets.
· Network analysis using centerline, low water crossing, proposed shelter, and potential flood area datasets.  Modification and establishment of appropriate centerline topology prior to creation of network dataset.  Application of Closest Facility application to verify evacuation routes and establish service areas.  Identification of potential hazard zones.  Generated map products illustrating network service areas containing potential emergency shelters and produced network dataset.
· Location analysis using ESRI’s Business Analyst Online.  Evaluation of proposed research incorporating various demographic data.  Development of sample reports, graphs, and maps to illustrate the value of future application use.
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 Project Poster Compilation and Production
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 Logo Design
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· Cover Page
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 Final Report
· Introduction and Problem Statement

· Results

· Discussion

· Conclusions
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 Analysis and Map Products
· Designation of proposed emergency shelters based on location, type, and size.  Selective location of additional shelters in the Northeast service area.  Application of refinement rules to propose adequate number of emergency shelters.  Development of shelter capacity formula to estimate suitability of various shelters.  Generated map products illustrating proposed shelters and produced the modified buildings dataset.

· Determination of low water crossings based on overlay analysis.  Verification of existing low water crossings.  Generated map products illustrating low water crossings and created a low water crossing dataset.

· Historical damage risk assessment based on tabular data from the October 1998 flood event.  Joined tabular data to the parcel attribute table.  Generated map products illustrating damage rating of affected properties based on street address and produced the modified parcel dataset.

· Development of individual service area maps based on network analysis service area and closest facility results.
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 Project Poster Design and Compilation
Robert Broussard 
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· Budget and Table Design
· Proposal
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 Final Report
· Literature Review
· Data
· References
· Appendix I:  Metadata
[image: image63.png]


 Analysis and Map Products
· Development of shelter capacity formula to estimate suitability of various shelters.
· Creation of thumbnail maps attached to metadata files.
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 Data Management and Metadata Formation
· Imported and created metadata for each project dataset.  Formatted data files using federal guidelines.
· Compiled and managed project data throughout the course of the project period.
· Use of data dictionary files to create comprehensive metadata for the final report.
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