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1. INTRODUCTION
1.1 PROBLEM
The American Red Cross is a non-profit organization “where people mobilize to help their neighbors in emergencies,” providing many important services during a time of crisis including food, water, temporary shelter, and emotional support (American Red Cross 2009).  The aim of the American Red Cross has always been to prevent and relieve suffering by being experts in disaster relief preparedness and response operations.

The Greater Houston Area Chapter (GHAC) of the American Red Cross fulfills the role of logistics coordination which “aims to ensure that the right supplies are available at the right places, at the right times, and in the right quantities so that initial response disaster relief operations can be implemented quickly and effectively” (Lodree and Taskin 2007, 674).  The proximity to the Gulf of Mexico has transformed this area located in southeast Texas into an important financial, cultural, academic, and economic center for Texas, the Gulf coast region, and the world.  

The importance, population size, geographic size, and geographic location of the region make the area susceptible to a variety of natural and environmental hazards including flooding, hurricanes, chemical spills, and terrorism.  These factors require concise, up-to-date, and easily accessible information to facilitate disaster relief operations.  The efficient and effective distribution of that information for logistics coordination is critical to organizations such as the Greater Houston Area Chapter of the American Red Cross.

The increased use and popularity of available platforms such as geographic information system (GIS) software and Google™Earth provide opportunities to streamline disaster preparedness and event operations.  In effect, these platforms assist in increasing the amount of assistance provided to those affected by a disaster while decreasing the time needed to deliver critical supplies and manpower.
1.2 PURPOSE
The goal of disaster management is to ensure the wellbeing of community members during times of crisis and to mitigate the emotional and physical stresses stemming from a disaster event.  Through cooperation with GHAC, the E.M.S. Group has developed means to assist staff and volunteers with the goal to provide for more efficient coordination and quicker delivery of essential resources and manpower.  The analysis focuses on two phases of disaster management: 1) pre-disaster planning, and 2) immediate disaster response through integration of various facility types and comparing their distribution to select social, economic, and physical characteristics found throughout the service area.  

Highlighted for this project are the following objectives:

1) Assist GHAC personnel by providing a facility database including shelters, food servicing centers, and bulk distribution centers, and visually displaying those facilities for use in pre-disaster preparedness coordination and for review of  current logistics practices to ensure that they are carried out systematically and efficiently.
2) Assist GHAC personnel by analyzing the 16 county service regions to identify potential areas where shelters, food servicing centers, and bulk distribution centers may be insufficient to serve the surrounding communities.
3) Assist GHAC personnel by analyzing area demographic and economic characteristics which can be used to facilitate resource management prior to and during a disaster event.
4) Assist GHAC personnel by developing scenarios where potential infrastructure and facility closures might occur due to flooding events which can be used in pre-disaster preparedness and contingency plan development.
1.3 SCOPE
The 16 counties within the service area of GHAC include Austin, Brazoria, Chambers, Fort Bend, Galveston, Grimes, Harris, Houston, Liberty, Montgomery, Polk, San Jacinto, Trinity, Walker, Waller, and Washington which encompass an area totaling more than 15,000 square miles (Figure 1).  This area has experienced a tremendous amount of population growth: 21% increase in the past 8 years and is currently approaching 6 million people (U.S. Census, 2009).

The principal challenge in providing services to one of the largest and more diverse metropolitan centers in the country is efficient information distribution.  By providing GHAC staff with a user-friendly toolset including interactive maps and reference documentation, the distribution of information can be facilitated by allowing for quick, efficient, and flexible analysis of factors critical to emergency and disaster response.  This toolset will provide Greater Houston Area Chapter personnel opportunities to customize and isolate select socioeconomic, environmental hazards, natural hazards, and facility types occurring within the study region. 
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	Figure 1. Service area of Greater Houston Area Chapter of the American Red Cross


2. LITERATURE REVIEW

Literature research for the project focused on two areas of disaster management; vulnerable population groups and distance of influence for facilities and environmental hazard events.  Due to common and regular occurrence of natural and environmental disasters, information in academic and mass media publications are readily available. 

The single largest hazard for the GHAC service region is that of natural disasters, specifically flooding and hurricane surges and from recent events within the past 5 years, much information was available (Adger et al., 2005; Cutter and Smith 2009; Li, et al. 2008; No author, 2008; Schmidlin, 2006).  Within the body of literature, specific socioeconomic characteristics are referenced when researchers classify vulnerable groups.  Typically including the poor, minority populations, and the elderly, these vulnerable groups require additional resources and assistance to reduce the associated loss of life or limb and potential loss of property.  The elderly were mentioned as one of the most vulnerable groups observed during a disaster event but no clear definition or age was established in the researched literature determining the specific age which an individual was considered elderly and more vulnerable (Pekovic et al. 2007).

The second focus of the background research involved the extent from a facility where community members received some level of service or had the potential to have health implications due to proximity.  For purposes of the analysis, the level of influence or service area was separated into two subclasses; influence of facilities on neighborhood populations and evacuation distances from an environmental hazard such as a chemical plant explosion.

To develop an accurate representation of the level of service a GHAC facility had on the surrounding community, the E.M.S. Group intended to utilize the service area function available in ESRI’s ArcGIS software.  Unfortunately little data on actual travel distances to a facility was found specifically indicating service area distances.  The limited literature which was found focused on placement of new retail business operations within a community (Allaway et al., 1994; Banister, 1999; Cohen and Applebaum, 1960) and does not specifically mention social service facilities such as those within the GHAC network.

We were more successful locating information pertaining to evacuation distances resulting from various environmental hazards such as a refinery explosion (No author, 2008; No author, 2007).
3. DATA

3.1 SOCIOECONOMIC
Vulnerable groups include “those who are economically marginalized, racially stigmatized, spatially segregated, and/or linguistically isolated” (Li, et al. 2008, 264).  By using the U.S. Census Bureau Summary Files 1, data tables P1, P3, and P12, and Summary File 3, data table P53, the E.M.S. Group was able to isolate select demographic characteristics for each census tract located within the study area.  In order to provide a better picture of the distribution of socioeconomic characteristics and allow for census tract comparisons, the percentage of minorities, percentage of persons over 60 years old, the percentage of children below 18 years of age, and average median income levels were calculated and incorporated into the analysis. 
Pekovic, Seff, and Rothman (2007, p. 37) state “older people are among the most vulnerable in the general population to the direct impact of natural disasters…”  In order to capture a clearer picture of this population, the E.M.S. Group incorporated census data on individuals over the age of 60 with the understanding that many individuals in their 60’s are very healthy, independent, and would not be classified as vulnerable.  However, a specific cutoff age was not found in the available research and we opted to follow a more conservative approach.

The inclusion of percentage of minorities as a component of the analysis stems from cultural, linguistic, and social differences between various cultural groups.  Minority populations were aggregated into a total number of individuals to simplify any analysis.  E.M.S. Group assumes that American Red Cross personnel are intimate with the area’s population makeup and can provide resources for a specific minority group residing in a community.  

Note that the U.S. Census Bureau does not consider Hispanics or Latinos a race but instead as an ethnic group. “People who identify their origin as Spanish, Hispanic, or Latino may be of any race. Thus, the percent Hispanic should not be added to percentages for racial categories” (U.S. Census, 2009).
 Income levels are important indicators on the ability of a person or family to prepare for or support their self during a disaster event.  By examining the poverty thresholds by size of family and number of children below 18, including the weighted average thresholds for households under 65 years and households with 3 and 4 people, the most common household thresholds in the United States, the E.M.S. Group concluded that the poverty threshold for average household income is approximately $18,000 per year.
Though literature did not specifically state that persons under the age of 18 years old are a vulnerable group, the E.M.S. Group included the population into its analysis.  The susceptible nature of this population and special needs such as baby formula, diapers, or adolescent counseling weighed in on the decision to include this population type.
3.2 FACILITIES AND INFRASTRUCTURE
One component critical to the efficient use of facilities information is the development of a single database of facilities used by the GHAC and which can be used as a reference and updated easily. A list of regional Red Cross offices, evacuation shelters, general shelters, corporate fuel stations, and some bulk distribution centers was provided to E.M.S. Group by GHAC on multiple spreadsheets.  In addition to the provided facilities, the E.M.S. Group felt that the bulk distribution center category, i.e. building materials and food centers, needed to be expanded and include a number of ‘big box’ stores.  Included in the expanded list of bulk distribution centers are Lowe’s, Home Depot, Academy Sports, Costco, Sam’s Club, Wal-Mart, and Wal-Mart Supercenters.

The built environment is also capable of presenting hazards which are capable of altering human health and welfare.  Incorporating various types of infrastructure into the toolset allows GHAC users the ability to identify certain areas and demographic makeup which may reside in areas lacking sufficient coverage.  Data files acquired and incorporated include the following:  petro-chemical refineries, power plants, oil pipelines, fire stations, police departments, trauma centers, and hazardous waste disposal sites and were obtained from the Houston-Galveston Area Council of Governments website.
3.3 NATURAL AND ENVIRONMENTAL HAZARDS
One of the chief goals of this project is to increase the ability for Red Cross officials to make decisions quickly during various natural and environmental disasters.  The area is highly susceptible to flooding from the numerous rivers, streams, and tributaries that flow out of Central Texas toward the Gulf of Mexico making it the region’s chief natural threat.  Its location near the coast also makes the region extremely vulnerable to flooding associated with tropical storms and hurricanes which enter the Gulf of Mexico.  
Estimates show that during Hurricane Ike, the last major hurricane to hit the Houston area, approximately 140,000 people ignored evacuation orders (National Geographic, 2008).  The number of individuals ignoring or unable to temporarily relocate and the susceptible nature of the region to flooding makes it crucial for disaster management organizations to have accurate information that will allow them to determine the most vulnerable areas and allocate their resources effectively. 

Most structural damage associated with hurricanes occurs as a result of inland flooding (FEMA 2009), storm surge values are an extremely important resource in determining the vulnerability of a particular facility or neighborhood.  A data set displaying predicted hurricane storm surge values for Category 1 through Category 5 hurricanes was obtained from an online data clearinghouse, the Texas Hazard Mitigation Package (THMP).  Generated by Texas A&M University for the THMP, the quality of the data is considered to be very reliable and was created by incorporating past inland flooding events and computer modeling of hurricanes with various strength values.
100 year floodplain and evacuation route data was also acquired from the THMP.  A 100 year floodplain is defined by the Federal Emergency Management Agency, or FEMA, as the area that has a one percent chance of flooding every year.  Though highly unlikely that an event will reach or exceed the extent of the 100 year floodplain boundary, the conservative nature of this data set allows the E.M.S. Group to display conservative flood events.  This data was originally created by FEMA and is also regarded to be highly reliable.
One concern of the generated 100 year floodplain map is the inability to locate complete floodplain data for Trinity County.  In order simulate a floodplain layer for this county a 4,000 foot buffer, 2,000 feet on each river bank, was placed on the rivers which flow through the county.  Information on rivers located within Trinity County was acquired from the United States Geological Survey.  No tributaries associated with the major streams and rivers were included in the output as they too are unavailable.  The resulting layer does not provide as detailed or accurate picture of all vulnerable areas within Trinity County, but it does allow for a rough representation of the most vulnerable areas
4. METHODOLOGY

4.1 SOCIOECONOMIC
Inclusion of socioeconomic factors into the study is crucial to identify locations where vulnerable groups may reside within the GHAC’s service area.  The census tract level was used for socioeconomic analysis to mitigate what Cutter and Smith (2009) observed as the problem where “many jurisdictions lack a fundamental understanding of the size or composition of …vulnerable groups in their jurisdictions” (p. 29).  Including detail at the census tract level will facilitate GHAC staff’s ability to isolate smaller geographic areas and further refine resource allocations based upon a community’s demographic makeup.

A unique color representation for the numeric values was selected to differentiate the socioeconomic classifications for each census tract containing select characteristics.  Following the classification, the minority, over 60, and under 18 population data was divided by the total census tract population, or normalized, to give a percentage of the population value and allow for cross census tract comparisons.

In addition to determining population characteristics of each census tract in the study area, the E.M.S. Group utilized the dot density application in ArcGIS for minority, persons under 18, and persons over 60 data.  Placement of the density dots is somewhat arbitrary in nature and cannot be considered accurate in terms of actual geographic location.  However, it does provide opportunities to identify population clusters or concentrations.  Concentration identification can be very useful during disaster logistics planning by indicating the uneven distribution of a geographic area’s population (Cunningham. 1951, 464).
4.2 FACILITIES AND INFRASTRUCTURE

Lists of facilities within the GHAC service network were forwarded to E.M.S. Group and included information indicating a facility’s name, physical address, county name, zip code, and facility classification.  Since the most accurate means of locating the facilities, without the opportunity to field verify, required the use of latitude and longitude coordinates, the E.M.S. Group used Google™Earth to determine the geographic coordinates for all facilities which did not have an associated latitude and longitude.


Once a basic template for the database had been developed and all pertinent facility information compiled, additional facilities were researched.  Focusing on bulk distribution centers, large distribution companies Wal-Mart, Lowes, Home Depot, Sam’s Club, Academy Sports, and Costco were added, providing an additional 185 locations to the database. Combined with the 13 Red Cross offices, more than 660 Fuelman gas stations, and 244 shelters, the new facility database contains 1,099 facilities.

Once coordinate information was obtained, every facility was geocoded using ArcGIS predefined tools and was then available for incorporation with detailed distribution analysis.  Approximately 20% of the facilities were randomly selected and tested for positional accuracy during the quality control and quality assurance phase of the project.  In addition, the database was reviewed to eliminate any errors and ensure accuracy with the included data.

Using Microsoft Excel software, the compiled database contains five worksheets with four worksheets separating the facility types and one master list containing all facilities (Figure 2).  Providing the GHAC with different worksheets for each type of facility will allow the GHAC Red Cross to more efficiently locate and access specific facility type information during a disaster event.
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	Figure 2. Sample of facilities database 



Since location of the Red Cross offices, evacuation shelters, and general shelters are specifically controlled by GHAC; these facilities were used to perform service area analysis.  Combined with select demographic criteria, the generated service areas could be used to highlight areas which are potentially under or over served by a GHAC facility type.

The process of establishing service areas was selected in lieu of performing a simple buffer distance analysis because this process provides a more accurate representation of a facility’s area of influence.  Prior to establishment of the service areas, the E.M.S. Group created a network analysis using available street network GIS files.  Containing almost 700,000 individual lines representing sections of roads within the service area, the ArcGIS network analysis function was performed, combining the road network into a single, homogenous layer.  It must be noted that this new road network is not a completely accurate representation of actual conditions for two reasons.  First, due to the size of the database, each road was not given a specific speed limit; hence the network assumes that travel along all roadways is the same.  Second, all roadways used in the calculations are assumed to be connected and free of any hindrances such as overpasses, flyovers, one-way streets, and traffic lights.  Even with these assumptions, however, the road network provides a detailed road infrastructure for the service area which ultimately provides a more accurate representation of each facility’s service area.


Upon establishment of the road network, the Red Cross offices, general shelters, and evacuation shelters were separated and used to generate custom service areas around them.  The available literature on service areas references amount of time traveled (Banister, 1999; Cohen and Applebaum, 1960).  However, since speed limits were not incorporated into the road network a distance from each facility had to be defined.  Determination of actual service areas, 10 miles for the Red Cross offices and 5 miles for both types of shelters, can be considered arbitrary but was based upon our experience of distances traveled on uninhibited roadways in 20 minutes (Red Cross offices) and 10 minutes (shelters).  We would like to point out that some of the bulk distribution center’s corporate offices were contacted in hopes of receiving information on store placement, but were unsuccessful in obtaining any information due to the proprietary nature of the subject.
4.3 NATURAL AND ENVIRONMENTAL HAZARDS
Shapefiles displaying evacuation routes and 100 year floodplains were clipped to display only the data which fell within the study area.  The hurricane storm surge data was extended one county beyond the study area to the north east and south west along the coast.  No significant changes were made to any of the infrastructure data.  

While overlaying the Red Cross facilities with the 100 year floodplain data, the ArcGIS clip function was used to create a separate layer of facilities that fell within floodplains.  One particular area of interest was in the southern portion of Harris County to the west of Interstate 45 and inside loop 610.  In this case four Red Cross facilities within a 7.5 square mile area are found within the floodplain (Figure 3).
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	Figure 3. 100 yr floodplain and at risk facilities


 In order to establish the areas at risk by a petrochemical explosion, a multi-ring buffer of one and two miles was generated around the refinery locations (Figure 4).  One and two mile radii were selected as benchmark evacuation distances based off of research of recent petrochemical refinery explosions (No Author, 2008; No Author, 2007).  Using the buffer distance function also allows for the erratic nature of air borne hazards due to changing wind patterns.  This output was then combined with the Red Cross facilities layer and the census variables in order to establish the demographics of the surrounding communities and which, if any, Red Cross facilities were at risk. 
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	Figure 4. Population centers near petrochemical refineries


Point density operations which generated surface rasters were run on all public service installations including police, fire, and trauma centers in addition to the area Red Cross facilities.  These output rasters were then overlain to establish locations within the study area which have minimal public service and Red Cross coverage (Figure 5).  Analysis of the public service and Red Cross facility point density maps (along with the facility network coverage maps) allow us to identify portions of the 16 county service region which lack access to Red Cross services as well as police, fire protection, and trauma centers.  The highest amount of coverage tends to follow the major highway arteries radiating out of downtown with areas lacking coverage located in the southeast and northwest portions of the study area.
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	Figure 5. Density maps for public safety and Red Cross facilities


5. RESULTS
5.1 SOCIOECONOMIC

Developing a better understanding of the relationship between the current distribution of Red Cross offices, evacuation shelters, and general shelters required the incorporation of three demographic characteristics; minority population, persons under 18, and persons over 60.  As previously mentioned, the demographic characteristics displayed as points to help establish population clusters.  The service areas for each of the three types of major facilities were then placed over the dot density map.  These overlaid maps were then analyzed for areas where large concentrations of specified populations did not appear to be within close proximity to an office or shelter and thus are assumed to be underserved.

Observing the distribution of the Red Cross offices, one area within the study area is immediately identified as lacking or needing additional services.  The area in question is located in Harris County, in particular the western portion of the City of Houston and has extremely high concentrations of minority populations, persons under 18 and over 60.  By reviewing the Red Cross office service area map, reference figure 6 , it is evident that this area does not have a centrally located Red Cross office and, coupled with lower median household incomes in many of the census tracts, it can be assumed that disaster logistics support could be hampered in this area.
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	Figure 6. Distribution of Red Cross office service areas


Analysis of the general and evacuation shelters reveals similarities in their distribution and in the areas which lack a facility.  Unlike the Red Cross offices, there appears to be an inadequate distribution of facilities in the northern section of Houston, southern portion of Houston, and the southern portion of Brazoria County.  These areas have greater concentrations of vulnerable population groups, though not as dense a concentration as those in the western section of Houston, which should be considered during preparedness planning and immediate disaster response operations.

5.2 NATURAL AND ENVIRONMENTAL HAZARDS


The analysis provided by the database manager was a mix of location maps, and layers that will identify higher level worries and concern when in a flood or hurricane. The layers produced and exported into KML files were GHAC Shelters that were in the initial hurricane surge 1 – 5. Another analysis made was the shelters located within the flood plain. These shelters could initially be inactive or damaged during large storms and that would not be beneficial to the GHAC Red Cross during an event where shelter was a necessity. Following are static maps produced by the EMS Group for Facilities.

The 100 year floodplain analysis produced twenty Red Cross facilities that could possibly at risk from urban flooding events (Table 1).

	Table 1. List of GHAC Facilities Located within 100 Year Floodplain


	NAME
	FAC_TYPE
	STR_ADDRES
	CITY
	COUNTY

	OPPE ELEMENTARY
	GEN_SHELTER
	2915 81ST STREET
	GALVESTON
	GALVESTON

	WEIS MIDDLE SCHOOL
	GEN_SHELTER
	7100 STEWART ROAD
	GALVESTON
	GALVESTON

	PARKER ELEMENTARY
	GEN_SHELTER
	6802 JONES ROAD
	GALVESTON
	GALVESTON

	BURNET ELEMENTARY
	GEN_SHELTER
	5501 AVENUE SOUTH
	GALVESTON
	GALVESTON

	BALL HIGH SCHOOL
	GEN_SHELTER
	4115 AVENUE O
	GALVESTON
	GALVESTON

	SCOTT PRIMARY
	GEN_SHELTER
	4116 AVENUENORTH 1/2
	GALVESTON
	GALVESTON

	MORGAN PRIMARY
	GEN_SHELTER
	1410 37TH STREET
	GALVESTON
	GALVESTON

	ALAMO ELEMENTARY
	GEN_SHELTER
	5200 AVENUE N
	GALVESTON
	GALVESTON

	CENTRAL MS
	GEN_SHELTER
	3014 SEALY
	GALVESTON
	GALVESTON

	ROSENBERG ELEMENTARY
	GEN_SHELTER
	721 10TH STREET
	GALVESTON
	GALVESTON

	BARBER MIDDLE SCHOOL
	GEN_SHELTER
	2218 TIMBER SCHOOL
	DICKINSON
	GALVESTON

	THOMPSON MUNICIPAL BUILDING
	EVAC_SHELTER
	134 OILFIELD ROAD
	THOMPSONS
	FORT BEND

	SAINT JOHN PRESBYTERIAN CHURCH
	EVAC_SHELTER
	5020 WEST BELLFORT
	HOUSTON
	HARRIS

	SALEM EVANGELICAL LUTHERAN CHURCH
	EVAC_SHELTER
	4930 WEST BELLFORT AVE
	HOUSTON
	HARRIS

	BELLAIRE UNITED METHODIST CHURCH
	EVAC_SHELTER
	4417 BELLAIRE BOULEVARD
	BELLAIRE
	HARRIS

	GOOD HOPE M.B. CHURCH
	EVAC_SHELTER
	3015 NORTH MACGREGOR WAY
	HOUSTON
	HARRIS

	FIRST UMC OF KATY
	GEN_SHELTER
	5601 5TH STREET
	KATY
	HARRIS

	DELIVERANCE TEMPLE CHURCH OF THE LITTLE GOD
	GEN_SHELTER
	451 VICTORIA DRIVE
	HOUSTON
	HARRIS

	EPIPHANY LUTHERN CHURCH
	EVAC_SHELTER
	8101 SENATE AVENUE
	HOUSTON
	HARRIS

	THE WOODLANDS HIGH SCHOOL
	GEN_SHELTER
	6101 RESEARCH FOREST DRIVE
	SPRING
	MONTGOMERY


The infrastructure analysis showed no Red Cross facilities with any significant threat from power plants or industrial petrochemical installations.  However, when the infrastructure was displayed along with the demographic data some interesting trends appeared.  The over 60 portion of the census data was displayed using point density where each point was equal to 200 persons per point.   The concentration of senior citizens, identified as a vulnerable group, is startlingly high (Figure 7).  If people in these locations require Red Cross services there could be an even higher likelihood of increased breathing problems among the senior citizens because of their proximity to dense industrial activity.
6. DISCUSSION

We believe that the tools developed in this project will allow the Greater Houston Area Red Cross to improve its adaptive capacity and thereby increase the community's resilience to disasters.  Red Cross staff will now have the ability to quickly determine which shelters might be at risk during an extreme rain event, a hurricane of varying strength, or any number of problems that can occur at one of the regions chemical, power generation, or petrochemical plants.  Combining this information with demographic data will allow the user to expand their analysis of the situation on the ground by also understanding the types of populations who could be affected during a disaster event and what, if any, special needs or resources could potentially be needed.

Several issues with the use of this and any geographic based toolkit must be mentioned.  The first is the likelihood that mapped and displayed information will become obsolete and unusable.  Communities and the individual components which makeup our built environment are constantly changing.  This project only provides a snapshot of conditions and, if implemented in day-to-day logistics coordination and disaster response operations, needs to be monitored and updated on a regular basis.
The breadth of available information and level of detail which could be included provide for an infinite number of opportunities to expand on this research.  For example, expanding on flooding susceptibility, further analysis could be conducted on portions of the study area which experience ground subsidence and are susceptible to localized flooding events during moderate rain events.  Data could also be collected on the number, location, and frequency of urban flooding events within the study area which would provide more accurate and location specific detail than the 100 year floodplain data.

In addition, the socioeconomic data included in the analysis provides only a simplified and general makeup of the region.  Developing an intimate understanding of the social and economic characteristics will require that information on the different ethnic groups be analyzed separately from one another.  It will also require those population age groups, levels of employment, and other socioeconomic criteria not included in this project be collected and analyzed.

7. CONCLUSION

The dynamic nature of disaster recovery operations requires organizations, individuals, and event logistics need to be flexible to accommodate the unpredictable nature of disaster response.  Include the likelihood for loss of life and property, and the ability to react quickly and efficiently becomes much more important.

 Four objectives were identified by the project team which needed to be addressed and when completed, would provide better understanding of the demographic and infrastructure makeup of the American Red Cross Greater Houston Area Chapter’s 16 county service area.  The resulting deliverables created from the analysis will help streamline facility logistics planning due to the single, easy to use nature of the output. 

The E.M.S. Group is also confident that incorporation of GIS and Google™Earth into a resource inventory and allocation analysis which was successful in addressing areas which potentially lack sufficient resources to effectively respond to a disaster event.  The customizable format and map manipulation capabilities implemented in Google™Earth appears to fulfill one requirement of GHAC staff and will alleviate some guess work associated with the volatile nature of planning and recovery operations.
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