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I. GLOSSARY 

Impacted: suffered damage from wind, rain or floodwaters during Hurricane Harvey.  

 

Flooded: suffered damage from rainwater or floodwaters during Hurricane Harvey.  

 

Homes: Single-family residences. 

 

Structures: All residential and commercial properties.  

 

Substantial Damage: The damage of any origin (such as a flood event) is of sufficient magnitude that 

the cost of restoring the structure to its pre-damage condition equals or exceeds 50% of the market 

value of the structure. The market value of the structure does not include land value. Substantial damage 

is determined either based on the City of Houston or FEMA-performed Substantial Damage Estimate, 

based on homeownersõ request or on information submitted with a permit application. 

 

Substantial improvement: Any reconstruction, rehabilitation, addition, or other improvement of a 

structure, the cost of which equals or exceeds 50 percent of the market value of the structure before the 

"start of construction" of the improvement. This term includes structures which have incurred "substantial 

damage," regardless of the actual repair work performed.  
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II. EXECUTIVE SUMMARY 

òWe canõt stop Mother Nature, but we certainly can take definitive steps to mitigate against 

the risk of flooding.ó ð Mayor Sylvester Turner 

After the devastating flood damage caused by Hurricane Harvey, the City of Houston has resolved to leverage 

every opportunity to make the City more resilient to future flooding disasters.  The Cityõs floodplain regulations 

are an important tool for reducing the flooding risk to lives and property in new development and 

redevelopment projects.  

With the goal of informing a review of those regulations, Houston Public Works (HPW) has prepared this report, 

based on extensive analysis of data collected both before and after the storm.  Work on the report began in 

September 2017.  Preliminary conclusions were drawn in December.  New data ð which reinforced and 

validated the preliminary conclusions ð continued to be collected and analyzed through early March of 2018. 

The report looks at the impacts of Harvey on structures in the 100-year and 500-year floodplains, and it 

evaluates the potential flood risk reduction (including potential costs) of a range of more stringent Chapter 19 

floodplain regulations.  

The focus of this report is on single-family residences.  However, the Cityõs goal is to reduce the risk of flooding 

for all new and redeveloped structures. 

The data clearly shows that current floodplain regulations ð which require only structures in the 100-year 

floodplain be elevated one foot above the 100-year flood elevation ð were inadequate to protect homes from 

flooding in Harvey.  While 33 percent of all homes in the 500-year floodplain flooded during Harvey, an even 

higher percentage (38 percent) of all the currently compliant homes in the 100-year floodplain flooded.   

Whatõs more, while Harvey represented a record-breaking weather event, preliminary results of NOAA climate 

studies indicate that the frequency and intensity of rainfall events are likely to increase in the future, resulting 

in a 100-year floodplain likely to be much closer to todayõs 500-year floodplain.  The analysis in this report 

seeks to avoid the mistake of assuming that past experience defines the extent of future risk.   

While a range of potential new Chapter 19 regulations was studied, a change requiring new structures in the 

100- and 500-year floodplains to be elevated 2 feet above the 500-year flood elevation emerged as the 

optimum recommendation, based on predicted benefits as well as potential costs. 

Analysis shows that if all of Houstonõs homes had been compliant with these requirements, 84 percent of the 

homes that flooded during Harvey would have been spared.   

Data drawn from (among other sources) the Greater Houston Builders Association (GHBA), the Houston Housing 

and Community Development Department, the National Flood Insurance Program and FEMA estimate that the 

cost to newly constructed homes of complying with these requirements would range from $11,000 to $32,000, 

while savings from avoided flooding costs could range from $50,000 to many hundreds of thousands of 

dollars.  The benefits from avoided risk to first responders, emotional trauma, health impacts, economic impacts 

and many other consequences of flooding were not quantified in this study but assumed to be significant.   
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While the comprehensive flood mitigation strategies of the City of Houston are beyond the scope of this study, 

it is clear that new and more stringent Chapter 19 regulations would need to be part of a larger framework 

of flood mitigation policies, regulations, and infrastructure investments.  Houston Public Works is coordinating 

with other groups within the City and local and regional stakeholders on a variety of flood risk reduction efforts. 
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III. HARVEY IMPACTS 

Hurricane Harvey resulted in record rainfall amounts across the Houston area.  Table 1 compares rainfall from 

Harvey and other events in Houston.  Record flood events are shown in red. 

 

Duration Harvey 
August 2017 

Allison 
June 2001 

Tax Day 
April 2016 

October 1994 

1-hr 6.8 5.7 4.7 3.7 

2-hr 11.9 9.9 7.3 4.7 

3-hr 14.8 13.5 8.3 5.3 

6-hr 18.9 21.2 13.9 7.2 

12-hr 20.9 28.3 16.7 12.0 

24-hr 25.6 28.4 17.4 20.9 

2 days 35.2 28.5 17.5 23.1 

4 days 47.7 38.5 N/A 28.9 

Table 1 ð Harvey Rainfall compared to other record events (Lindner, 2017) 
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One Day and Four Day peak rainfall intensities far exceeded the 100-year event.  Maps 1 and 2 below 

illustrate the peak rainfall intensities for Harvey. 

 

 

Map 1 ð Harvey One Day Peak Rainfall Frequency (Lindner, 2017) 
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Map 2 ð Harvey Four Day Peak Rainfall Frequency (Lindner, 2017) 
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Harveyõs record rainfall left devastating impacts throughout Houston.  Map 3 shows, Harvey caused widespread 

damage within the 100-year floodplain, 500-year floodplain, and outside of the floodplains.  

 

Map 3 ð COH Structural Flooding ð Hurricane Harvey August 25-29, 2017 (Houston Public Works, 2017) (City of 
Houston, 2017) 
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As Table 2 details, a larger number of structures, including single-family homes, multi-family, and commercial 

buildings, flooded outside of the 100-year and 500-year floodplains than within the floodplains. However, 

31% of structures in the 100-year and 500-year floodplains were impacted by Harvey flooding as compared 

to 19% in the areas of the City outside of either floodplain.  Therefore, the concentration of flooding in the 

100-year floodplain and 500-year floodplain is much higher than outside the floodplain.  

Within the 100-year floodplain, the Floodplain Management Office Preliminary Damage Assessment Data was 

used.  Outside of the 100-year floodplain, the Cityõs Hurricane Harvey Housing Damage data (refer to 

Appendix A for more information on this data set) was used. 

Location Harvey Impacted No Damage Percentage 
Harvey Impacted 

Total 

100-year 30,501 70,927 30% 101,428 

500-year 28,459 57,611 33% 86,070 

100-year +  
500-year 

58,960 128,538 31% 187,498 

Outside 

floodplains 

90,616 379,018 19% 469,634 

City Wide 149,576 520,887 22% 670,463 

Table 2 ð Harvey Flood Impacted Structures by Flood Zone (Houston Public Works, 2017) (City of Houston, 2017) 
(FEMA Current Effective FIRM, 2018) 

Table 2 also shows that a higher percentage of properties in the 500-year floodplain (33%) flooded than in 

the 100-year floodplain (30%). The same relationship exists when Harvey-flooded properties in the Buffalo 

Bayou and the San Jacinto River watersheds are excluded to remove the impact of the reservoir releases in 

Harvey, as shown in Table 3.  This indicates the need to expand Chapter 19 regulations to the 500-year 

floodplain.  

Location Harvey Impacted No Damage Percentage 
Harvey Impacted 

Total 

100-year 
24,068 65,461 27% 89,529 

500-year 
22,013 53,042 29% 75,055 

100-year + 500-
year 46,081 118,503 28% 164,584 

Outside 

floodplains 65,131 261,810 20% 326,941 

City Wide 
111,212 393,644 22% 504,856 

Table 3 ð Harvey Flood Impacted Structures by Flood Zone excluding Buffalo Bayou and San Jacinto Watersheds 
(Houston Public Works, 2017) (City of Houston, 2017) (FEMA Current Effective FIRM, 2018) 
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In addition to the damage observed in Harvey, Houston has experienced two other major floods in the past 

three years: 2015 Memorial Day and 2016 Tax Day.   

Houston is not the only community experiencing more frequent extreme weather events.  It is anticipated that 

the pending federal climate study will result in floodplain map changes that will significantly increase the 100-

year flood elevation and floodplain.   

òThe National Oceanic and Atmospheric Association has studied decades worth of data to 

reassess the likelihood of a ò100-year stormó ð or a storm that has a 1 percent chance of 

occurring in any given year.  Preliminary analysis shows that the 100-year storm has risen 

by three to five inches in Harris County since the last study was conducted in 2001ó. (Zaveri, 

2017) 

As Map 4 from the preliminary findings of Atlas 14, NOAAõs climate study shows, the 100-year 24-hour 

precipitation in inches will likely increase 3 to 5 inches in Houston.  The current 100-year 24-hour precipitation 

is 13-14 inches.  The current 500-year 24-hour precipitation is 17-19 inches. 

 

Map 4 ð NOAA Atlas 14: Precipitation-Frequency Atlas of the United States-Texas-Preliminary Estimates for Review 
Only (National Oceanic and Atmospheric Administration, 2017) 
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The current floodplain ordinance does not regulate most structures in the 500-year floodplain (only critical 

facilities, such as fire stations, hospitals, schools, public utility facilities and hazardous material storage and 

distribution facilities).  Considering that 33% of structures in this zone were impacted by flooding in Harvey, 

and that future floodplain maps will reflect the increased risk of flooding due to climate conditions, Houston 

Public Works recommends the regulation of this area. 
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IV. SUMMARY OF PROPOSED CHANGES TO CHAPTER 19 

The existing Chapter 19 only regulates the 100-year floodplain. Existing requirements include elevating 

structures to 1 foot above the 100-year flood elevation and zero net fill. The proposed changes include 

increasing the minimum flood protection elevation to two feet above the 500-year flood elevation in both the 

100-year and 500-year floodplains and extending the zero net fill requirement to the 500-year floodplain.    

Table 4 compares the existing and proposed provisions of Chapter 19 at the time of this report. 

 

RULES EXISTING PROPOSED 

REGULATED AREA 100-year 100 + 500-year 

ELEVATION 100-year + 1 foot 500-year + 2 feet 

ZERO NET FILL 100-year 100 + 500-year 

SUBSTANTIAL IMPROVEMENTS 100-year 100-year 

ELEVATION OF ADDITIONS 100-year + 1 foot 500-year + 2 feet 
(exemption for small additions in 
500-year) 

FOUNDATION All types permitted outside 

floodway 

All types permitted outside 

floodway 

Table 4 ð Comparison of Existing and Proposed Chapter 19 Provisions 

The proposed regulations recognize the need to reduce the risk of flooding of structures in the vulnerable 100-

year and 500-year floodplains and to ensure that the risk of flooding is reduced for new structures, and that 

flooding is not worsened for existing structures.  
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Figure 1 illustrates the proposed change to elevation requirements. 

 

Figure 1 ð Floodplain Elevation Requirements and Flood Zones 

Elevating a home in a flood-prone area reduces the risk of flooding for that property.  On the other hand, 

adding fill (dirt and construction materials) to the floodplain can interrupt drainage patterns and take up space 

that was previously available for storing floodwater.  If fill is added in the floodplain, the space available for 

floodwater storage is reduced, the flooding level gets higher, and flooding spreads to other areas.  

To prevent fill from making flooding worse and expanding the floodplain, the proposed changes expand the 

zero net fill provision that requires that any fill brought into the floodplain below the flood elevation be offset 

by removing the same volume of material from the floodplains.  Figure 2 illustrates how the òzero net filló 

requirement prevents flooding from getting worse and expanding the floodplain. 










































