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[bookmark: _Toc173341813]Abstract
	Hurricanes are always a present threat along the Gulf Coast. However, some are so powerful and destructive that their names are forever retired (National Oceanic and Atmospheric Administration, n.d.). Hurricane Harvey was one of those hurricanes. Hurricane Harvey was not expected to be a Category 4. However, it intensified more rapidly than anticipated (Blake & Zelinsky, 2018). This research paper provides an overview of how Hurricane Harvey affected the individuals and communities of the Houston Metropolitan Statistical Area (MSA). It also aims to critique the mitigation, preparedness, response, and recovery strategies the Houston MSA utilized during Hurricane Harvey. The research paper also provides recommendations for future policy development, practice field, educational opportunities, and further research needs to help in future mitigation and planning for hurricanes in the Houston MSA area. This information will enable the area to reduce the economic costs of hurricanes. Most importantly, the information will reduce the number of lives lost during hurricanes.



[bookmark: _Toc173341814]Introduction
	Harvey wreaked havoc along the Texas coastline and became the first Category 4 hurricane to hit that section of the Gulf Coast since 1970 (National Weather Service, 2022). Hurricane Harvey hit the Texas Coast, affecting Houston and other areas of the southeastern part of Texas (Blake & Zelinsky, 2018). Hurricane Harvey also made a line of destruction by hitting Louisiana as a tropical storm five days later. Within the Emergency Cycle Management, some things were excelled at, and some did not go according to plan. In researching the hurricane mitigation, preparedness, response and recovery, we can learn how to respond better during the next hurricane. 
Disaster Overview
[bookmark: _Toc173341815]Community Overview
This paper will focus on the Houston Metropolitan Statistical Area (MSA), which consists of nine counties and covers 9,444 square miles (Greater Houston Partnership, 2021). Those counties are Austin, Brazoria, Chambers, Fort Bend, Galveston, Harris, Liberty, Montgomery, and Waller. According to the U.S. Census Bureau, in 2017, Houston MSA had a population of 6,892,427. Within the Houston MSA, 26.8% of the population is under the age and 10.8% are over 65.
[bookmark: _Toc173341816]Community Capacities

	The Houston MSA had many different community assets pre-disaster. One of those assets is the economy. The Houston MSA ranks as the seventh-largest metro economy in the United States (Brown & Riggans, 2018). Another asset is the robust transportation within the Houston MSA area, including three airports and U. S. Port Houston. A third asset is robust convention and entertainment facilities that create a sense of community and help build resiliency.
 Finally, disaster preparedness plans and volunteers to help with disaster recovery are assets for the Houston MSA population. 
            Along with the assets mentioned above, the City of Houston (2019) 
planning committee for the Hazard Mitigation Plan completed a capability assessment (Appendix A).
[bookmark: _Toc173341817]Hurricane Harvey Overview
	According to the National Weather Service (2021), Hurricane Harvey hit the African coast as a tropical wave on August 13th, 2017. It became a tropical storm on August 17th when it moved into the Caribbean Sea, where it shortly downgraded and became a tropical wave. On August 22nd, the storm entered the Gulf of Mexico; over the next 48 hours, intensifying into a Category 4 hurricane. On August 25th, Hurricane Harvey made landfall near Port Aransas, Texas. Hurricane Harvey slowed its progression as it continued up the Texas coastline until August 29th, when it moved out into the Gulf of Mexico and stayed a tropical storm. On August 30th, Tropical Storm Harvey made landfall just west of Cameron, Louisiana. Harvey then became a tropical depression and affected Mississippi, Arkansas, Tennessee, and Kentucky.
[bookmark: _Toc173341818]Impact Overview

	Hurricane Harvey was devastating to the Houston MSA. Harvey was a Category 4 when it hit and impacted the Houston MSA area. Hurricane Harvey was one of the most costly hurricanes in United States history at $125 billion (ABC News, 2017). One of those impacts was the unprecedented rainfall that fell on the area. (Blake & Zelinsky, 2018). Some of the Houston MSA areas received as much as 65-70 inches of rain within the span of five days, causing massive flooding. In Harris County, nearly 57% of the Flood Control District gages measured flooding, with the majority being outside the 100-year flood plan (Murphy, 2018). Eighty percent of those affected did not have flood insurance (ABC News, 2017). Ninety percent of southeast Texas's NWS river forecast locations were at flood stage. The flooding caused damage to 290,063 homes and approximately 300,000 to 500,000 vehicles. Wind and tornadoes also caused impacts throughout the area. It is estimated that the winds topped 130 miles per hour. There were also 25 tornadoes reported in Texas. The winds and tornadoes caused $7.101 million in damages (National Centers for Environmental Information, n.d.). Lastly, there was an impact on the population's lives. Fifty-seven percent of people in the Houston MSA were affected by the hurricane by loss of property or income (University of Houston, 2017). There was a difference between Whites affected, 50.5%, and other races. African Americans were affected by 57.3%, Hispanics 64.4%, and Asians 58%. In the area, 37,000 people were displaced (Amadeo, 2019). Thirty-six deaths occurred in the Houston MSA area, primarily due to flooding (Blake & Zelinksy, 2018). 
[bookmark: _Toc173341819]Social and Economic Demographics and Vulnerabilities

There are many socioeconomic vulnerabilities within the Houston MSA. Single-family households, education level, unemployment, poverty levels, and race all establish how vulnerable the people in the area are during the best of times. However, the vulnerabilities will exacerbate an already difficult time during a disaster (Substance Abuse and Mental Health Services Administration, 2017).
Family structure creates vulnerabilities for people during disasters, especially during the recovery phase (Rufat et al., 2015). This vulnerability is due to disruptions in long-term services and care. According to the 2017 U.S. Census Bureau, Houston MSA single-family households accounted for 19.3%, and non-family households comprised 29.1%. 
Education is an indicator of socioeconomic status and will affect a person’s ability to understand and react during a disaster (Zhou et al., 2014). This lack of knowledge leads people to not evacuate before a hurricane (Substance Abuse and Mental Health Services Administration, 2017). The high school dropout rate of Houston MSA was at 4.1%. Also, the population of people 25 years and over had a rate of 16.5% who did not graduate high school (U.S. Census Bureau, 2017). 
Unemployment and poverty can cause vulnerabilities due to people not having the resources available to prepare, endure, and recover from the disaster (Substance Abuse and Mental Health Services Administration, 2017). According to the U.S. Census Bureau, in 2017, people in the Houston MSA who were sixteen years and older had an unemployment rate of 5.9% and a rate of 34% not in the labor force at all. For the White population, 5.1% were unemployed, compared to 9.9% of African Americans, 6.3% of American Indians, 7.1% of two or more races, and 5.8% of Hispanics.
The total poverty rate for the area is 20.2 % for children under 18, 11.9 % for ages 18-64, and 9.9% for adults over 65 (U.S. Census Bureau, 2017). While the White population had a 12.9% poverty rate, African Americans had a rate of 18.4%, American Indians had a 24.2% rate, and Hispanics had a 20.1% poverty rate. 
Race can lead to more vulnerabilities in disasters (Substance Abuse and Mental Health Services Administrations, 2017). African Americans and Hispanics make up more of the population that is unemployed and in poverty. Not only do they tend to be unemployed and live in poverty, but they also tend to live in areas that are known to flood or in housing that is not able to withstand hurricane-strength wind. 
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[bookmark: _Toc173341821]Disaster preparedness strategies

The Houston MSA is not a stranger to hurricanes since it is on the Gulf Coast. The Houston MSA is also known to have a more significant flood risk. Because of this, the area does participate in mitigation and preparedness.
Hazard mitigation planning helps reduce the loss of life and property in a disaster (Federal Emergency Management Agency, 2024). Houston MSA was practicing this in a few different ways. One way started in the 1980s by creating a multi-year project, Project Brays, to help alleviate flooding in the Brays Bayou watershed (Harris County Flood Control District, n.d). This mitigation was accomplished by increasing the width and replacing or modifying 32 bridges. Due to this being a multi-year project, it was not completed until 2022. Another mitigation was the capital projects and maintenance of the detention basins, including the Sims Bayou, White Oak Bayou, and Greens Bayou (Linder & Fitzgerald, 2018). The Harris County Flood Control District with FEMA had also purchased 2,300 homes in the floodplain to reduce the number of homes damaged and keep residents safe during flooding. Lastly, the Texas Medical Centers mitigated flooding affecting their services by moving utilities and operations to upper floors, having redundant operating systems, building skywalks with a protective film to protect from the wind and broken glass, and developing a Flood Alert System (Hines & Reid, 2021). 
Preparation is also vital in ensuring a successful disaster response (Li & Mostafavi, 2022). One agency, Harris County Public Health, had conducted an exercise for medical personnel on shelter response just one month prior to Hurricane Harvey (National Association of Counties, 2019). Another agency, the Montgomery County Hospital District (MCHD) EMS, hired additional staff and strategically placed the staff while boat and air resources were secured (Guillote, 2018). Houston Fire Department (HFD) prepared and placed dump trucks, high-water rescue vehicles, rescue resources, and boats to ensure that a response could take place. The Houston Fire Department and medical directors also prepared to open medical shelters like the George R. Brown Convention Center. Most importantly, 47.9% of the population got groceries, 43.6% got gas, and 55.7% visited the pharmacy (Li & Mostafavi, 2022).
[bookmark: _Toc173341822]Landfall Disaster Response Strategies
	Once a disaster hits, the disaster cycle's response phase occurs (Federal Emergency Management Agency, 2016). The Houston MSA had several response strategies, including Incident Management Teams, communication, sheltering, and emergency response. 
[bookmark: _Toc173341823]Expected Intervention Outcomes and the Actual Outcomes

The Incident Management Team (IMT) comprised six teams with over 1300 staff (Son et al., 2020). Since Hurricane Harvey was unpredictable, the IMTs had to remain flexible and update the common operating procedure (COP) and Incident Action Plan (IAP) as warranted. The IMTs also used unusual practices due to having limited resources, such as allowing the Cajun Nation to engage in search and rescue, conducting aerial evacuations, and utilizing civilian boats on highways to rescue people and get around. IMTs did have some issues with regard to always following the procedures due to facing imminent threats and situations in the field, such as inadequate or insufficient resources. Sometimes, this led to a duplication of efforts and a loss of control over the response. 
Communication is necessary during the best times but becomes critical in a disaster. The fifth asset includes the diverse ways information could be used to reach the masses (University of Houston, 2017). One way this was accomplished was by having Facebook Live sessions. Facebook Live was used successfully, with 19,000 views, by the Weather Forecast Officers (WFO) in Lake Charles to keep the residents updated on weather briefings (Murphy, 2018). The WFO also provided Spanish-language media releases such as Skype video interviews with CNN, radio interviews, discussions, and material for the National Hurricane Center website and a Hurricane Guide. Another way communication was used was through micro-blogging platforms, such as Twitter, by Houston Mayor Sylvester Turner (Vera-Burgos & Padgett, 2020). This type of communication enabled more people to get information while creating a sense of unity among the residents. Not only that, but the hashtags also help identify and use the information from social media (Hazarikea et al., 2020).
Shelters provided care for the displaced residents and animals. The Red Cross had 24 shelters opened and provided 400,000 overnight stays, health and mental care, 1.6 relief items, and 4.5 million meals (Schnall et al., 2019). However, adequate data on the dispositions were not fully completed or were blurry and could not be used. There was also an issue of getting the information daily to the Centers for Disease Control, which could delay appropriate healthcare action. The George R. Brown Convention Center opened as a major shelter, with the HFD providing medical care to more than 10,000 people (Guillote et al., 2018). This shelter stayed open for two weeks, preventing Emergency Rooms from being inundated. Emergency pet shelters were opened by the Harris County Public Health (National Association of Counties, 2019). However, criticism was given to the Cajun Navy for not operating within the emergency management system and not keeping animal placement records. This behavior led to citizens not knowing where their pets ended up and how to get them (Glassey, 2018).
Emergency responders are needed during disaster response to aid in the safety and wellness of the citizens. The Montgomery County Hospital District (MCHD) EMS represented 13 fire departments in the county and aided in helping patients with medical issues that crews could not reach, performing assessments, and communicating those needs to other departments (Guillote et al., 2018). However, they had issues due to not being able to safely navigate to patients and hospitals, including terminated CPR efforts via phone. The MCHD EMS also did not always know where patients were due to citizen rescuers evacuating the patients. The Houston Fire Department had an abundance of calls, with 56,000 calls for service within 15 hours. The HFD was the transport officer for the George R. Brown Convention Center. However, due to the shortage of high-water vehicles, the HFD had to rely on assistance from other agencies to help with the rescues. The HFD also had limited access to patients and crews to relieve the ride-out crews.
[bookmark: _Toc173341824]Key issues
	Some key issues happened during the response phase of Hurricane Harvey. There was a breakdown in the response phase that allowed some people to fall through the cracks. People with disabilities and socioeconomical vulnerabilities were more affected by Hurricane Harvey (Evans, 2018; Flores et al., 2020).
The State of Texas Emergency Assistance Registry (STEAR) is designed to help people with disabilities during disasters (Evans, 2018). However, there is no requirement for the government to use the registry, nor is there a protocol for how to use it. This lack of foresight was evident during Hurricane Harvey when people with disabilities were left scrambling to help themselves. A woman in a wheelchair was left in water up to her waist because the emergency responders were not able to accommodate her chair. A man was turned away from a shelter due to his service dog. The emergency manager for the City of Houston shared that the system was not used due to the storm's magnitude.

People with social vulnerabilities cause certain demographics of the population to have more unmet needs than others in the community (Flores et al., 2020). Hispanics not born in the United States tend to live in areas prone to flooding and may not have access to government assistance. Most experienced going without a place to sleep, electricity, running hot water, clean drinking water, or adequate clothing. A study by Chakraborty et al. (2019) found that predominantly African American, Hispanic, and other socioeconomically suppressed residents resided in areas that experienced an increased flood risk. 
The worst consequence of hurricanes and floods is the loss of lives (Jonkman et al., 2018). With Hurricane Harvey, the Houston MSA experienced an unrelenting rainfall that resulted in widespread flooding. Fifty-seven deaths were directly due to drowning and occurred during the first seven days of the hurricane. 
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	Many local and distant agencies responded to Hurricane Harvey to aid the response and recovery. More than 300 volunteering agencies, such as The Salvation Army, AmeriCorps Disaster Response Teams, and National and Texas Voluntary Organizations, assisted with 17,000 households and cleanup (Federal Emergency Management Agency, 2023). Not only did agencies help, but neighbors and volunteers throughout the state and nation helped. The American Red Cross helped over 100,000 hurricane survivors by providing them with $45 million, 965,000 meals, 1 million snacks, and multiple shelters.
 Government agencies also responded to the efforts (Appendix B).
[bookmark: _Toc173341826]Disaster Recovery Strategies

	According to the Federal Emergency Management Agency (2016), disaster recovery is restoring and rebuilding communities to pre-disaster levels. This section will dive deeper into how well Houston MSA has accomplished this goal by looking into what worked, what did not, what factors impeded the recovery process, and what planning and policy issues were raised. What Worked
	Every hurricane has a success rate with strategies working well. In 2018, the Harris County voters passed a $2.5 billion bond to fund flood protection projects (Pytel, 2022). New building codes have been in effect since 2018, requiring that all new homes be built two feet above the ground, using the 500-year floodplain as the minimum standard instead of the 100-year floodplain (Harab, 2022).
 What Did Not Work
	Every disaster is different and sometimes needs a different response (Auf der Heide, 2006). In Hurricane Harvey, some responses did not work and needed improvement. First, critical data was incomplete for Harris Public Health to effectively start the recovery phase (National Association of Counties, 2019). Secondly, debris management was ineffective and caused health issues (Smith, 2017). Thirdly, finding help to repair homes was an issue for people whose houses were damaged even one year later (Hamel et al., 2018). Fourth, 28% of the population had difficulty applying for disaster assistance.
[bookmark: _Toc173341827]Major Factors Impeding the Recovery Process

[bookmark: _Toc173341828]	There is one major factor impeding the recovery process in the Houston MSA. The Houston MSA has plans to help repair damaged infrastructure and implement flood mitigation projects, but cannot currently proceed (Harah, 2022). They cannot proceed due to insufficient funds, and the Texas General Land Office is not allocating any of $1.3 billion in funds from the federal government for the projects. 

Major Planning and Policy Issues Raised

There were a couple of planning and policy issues. One of those issues it that the Houston MSA was undergoing a review of its Hazard Mitigation Plan and had completed a risk assessment in July 2017, showing that flooding was a probability within the next year (City of Houston, 2019). Another issue is that floodplains were mapped from 1961 rainfall data (Pytel, 2022). 
[bookmark: _Toc173341829]Disaster mitigation strategies
	It is always essential to evaluate the recovery phases of a disaster to ensure that the needs are being met and what may need to be done differently in the next disaster. Questions to ask are what could have been done to reduce the impact, what future planning is in place, and whether those plans are substantial (Federal Management Agency, 2016). 
[bookmark: _Toc173341830]What Could Have Been Done to Prevent or Reduce
Preventing or reducing the effects of a disaster are essential. There are several instances where things could have been done differently. One of those ways could have been to purchase high-water vehicles for emergency personnel to utilize during a disaster (Guillote et al., 2018). Secondly, emergency personnel should know all the shelters' locations, their capacity, and what the facility agreement states. Thirdly, Memorandum of Understanding (MOUs) with pharmacies and Durable Medical Equipment (DME) companies should be implemented to facilitate the help chronically ill patients need. Fourth, close off roadways in areas prone to flooding (Jonkman et al., 2018).
[bookmark: _Toc173341831]What Has Been Done for Future Disasters
Things are being done to help mitigate future disasters and their impact. Houston City Council approved a Watershed Master Plan to help bring the city in alignment with the qualification that FEMA requires for a 30%-35% discount on National Flood Insurance (Walsh, 2024). 
[bookmark: _Toc173341832]Sustainability of plans and corrective actions
            Texas Congressman Representative Lizz Fletcher has proposed the Hazard Eligibility and Local Project (HELP) Act so that cities and local agencies can accelerate disaster projects while still being able to qualify for FEMA funds. This would aid in ensuring that Houston MSA would have the funds available to make corrective action while protecting their ability to receive FEMA funds.
[bookmark: _Toc173341833]Recommendations
[bookmark: _Toc173341834]Future policy development or change

            There are recommendations for future policy development and change for the Houston MSA area. These recommendations would help mitigate and prepare the citizens in the area for a disaster. First, pass Senate Bill 339, which State Senator Joan Huffman is sponsoring, which would require sellers to disclose if the property is in an area prone to flooding or has ever been flooded (Collier, 2019). Secondly, the buyback amount should be increased so that people in flood-prone areas can leave and purchase a house outside the flood zone (University of Houston, 2017). Thirdly, undeveloped land surrounding Houston MSA should be protected so that the water can be better absorbed (Fulton, 2022). Fourthly, material and announcements before, during, and after a disaster should be accessible in the languages of the citizens in the area (Uekusa & Matthewman, 2023). 
[bookmark: _Toc173341835]Practice
            For the Houston MSA to provide the services needed for people to be better prepared and enhance resiliency, the government and local agencies should create the following programs. The Houston MSA should hire a full-time disability coordinator to create and guide a better system for people with disabilities to get help during a disaster (Evans, 2018). Build relationships with the socioeconomically repressed neighborhoods to build trust, enabling citizen engagement in community preparedness and disaster management (Olin, 2021). Create a position within the city that will go into the low socioeconomic areas to assist with the paperwork needed to receive financial assistance (Andy, 2021).  
[bookmark: _Toc173341836]Education
            Disaster education is invaluable across the disaster cycle (Majd et al., 2019). Providing education will improve resiliency and build the necessary skills needed during a disaster, primarily if children are taught from an early age. Children, women, older people, and people with disabilities will benefit from disaster education. It helps to save lives and is a cost-effective tool for the most vulnerable. 
[bookmark: _Toc173341837]Research
            Research enables us to know what the evidence-based best practices are. More research is needed in a few areas to mitigate better, respond, and help with recovery. First, what are urbanization's effects on drainage issues (Kimmelmann, 2017; Shaw et al., 2016)? Secondly, how do we help, and what help is needed during a disaster for the most vulnerable populations (Andy, 2021)? Thirdly, how can we use social media to improve preparedness and response to decrease loss of life (Hazarika, 2020)?
[bookmark: _Toc173341838]Conclusion
Research on the overview of a disaster is critical to understanding what went well, what did not go well, and what we should do in the future (Auf der Heide, 2006). When we have more knowledge of a disaster response, we can decide if the disaster planning needs to be revised. The research will also tell us, most importantly, how our disaster planning needs to be revised to ensure that our disaster plan will be more effective. The recommendations made due to the research will have lasting effects in decreasing a future hurricane's economic, environmental, and socioeconomic impact.
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[bookmark: _Toc173341841]Pre-Disaster Community Capacity Assessment

	Identified Community Capacity

	Building Code

	Capital Improvements Plan

	Community Wildfire Protection Plan

	Comprehensive/Master Plan

	Continuity of Operations Plan

	Emergency Operations Plan

	Evacuation Plan

	Fire Code

	Floodplain Maps/Flood Insurance Studies

	Floodplain Ordinance

	Hazard Mitigation Plan

	Hydrologic/Hydraulic Studies

	Land Use Plan

	Mutual Aid Agreement

	National Flood Insurance Program (NFIP

	Open Space Plan

	Property Acquisition Program

	Site Plan Review Requirements

	Stormwater Management Plan

	Stormwater Ordinance

	Subdivision Regulations

	Watershed Protection Plan

	Transportation Plan

	Zoning Ordinance/Land Use Restrictions

	Planners

	Engineers

	Emergency Manager

	Floodplain Manager

	Public Information Official

	Personnel skilled in GIS

	Resource development staff/grant writers

	Community Development Block Grants

	Partnering Agreements or Intergovernmental Agreements

	Capital Improvement Programming

	Development Impact/Stormwater Utility Fees
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	Government Agency
	Assistance Offered

	United States Coast Guard
	Deployed 2,060 personnel, 50 aircraft, 75 boats, and 29 cutters; rescued 11,022 people.

	Federal Emergency Management Agency (FEMA)
	Provided 28 Urban Search and Rescue (USAR) Teams; rescued 6,453 people and 237 animals; provided 3 million meals and liters of water, 9,900 blankets, 8,840 cots, and 10,300 hygiene kits throughout Texas; provided $186 million dollars in Public Assistance Funding and offered registration help to Texans for financial assistance.

	Department of Health and Human Services
	Deployed more than 1,110 personnel; provided medical equipment and supplies; provided medical care to 5,359 patients and conducted 60 shelter assessments.

	U.S.  Geological Survey (USGS)
	Deployed scientist to help the National Weather Service with storm surge, beach erosion, and real-time flooding; collected 1,500 high-water marks to help with future flood mapping.

	Department of Housing and Urban Development (HUD)
	Connected with 65 public housing authorities, servicing 200,000 people, to assess damage and identify housing units for survivors; assessed 454 FHA-insured apartment complexes, servicing 50,000 units.

	U.S. Army Corps of Engineers (USACE)
	Deployed 390 personnel; cleared navigation channels, provided temporary emergency power at critical locations, provided technical assistance.

	Environmental Protection Agency (EPA)
	Completed 625 drinking water assessments and 441 wastewater assessments, 43 assessments of Superfund sites; recovered 517 containers of potentially hazardous material.

	Department of Energy (DOE)
	Assigned more than 10,000 workers from 21 states to help with response and recovery efforts; helped restore power to more than 300,000 customers.

	Department of Defense (DoD)
	Supported 30 mission assignments (search and rescue, strategic airlift, transportation, evacuations, patient movement and logistics from FEMA; rescued nearly 3,000 people




	Government Agency
	Assistance Offered

	U.S. Small Business Administration (SBA)
	Opened five business recovery centers; extended deferment for first payment.

	Civil Air Patrol (CAP)
	Conducted 270 flights; provided 32 aircraft to assist with response efforts.

	Department of Agriculture (USDA)
	Activated Disaster Supplemental Nutrition Assistance Program; Deployed 25 tons of pet food and dropped 210,000 pounds of hay to 10,000 head of livestock.

	Centers for Medicare and Medicaid Services
	Modified Medicare, Medicaid, and Children’s Health Insurance Program to provide immediate relief to survivors.

	Department of Transportation
	Activated 36 personnel for response efforts; provided $25 million in quick-release funds to help with emergency repairs.

	Texas Workforce Commission
	Operated Disaster Unemployment Assistance (DUA) call centers; processed 136,576 unemployment insurance claims, with 17,714 through DUA 
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