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The Shape of Things to Come: 
Houston Storm Water Management Post-Harvey
Hurricane Harvey has proven to be an historic event on many fronts. While the scale and breadth of destruction 
from the record rainfall cannot be understated, Harvey demonstrated widespread failures of a system intended 
to protect the fourth most populous city in the country. Numerous public and private entities are looking ahead 
to rebuilding and fostering new development in the most “flood-proof” ways possible. Changes to the way 
data is gathered and used for floodplain mapping was underway prior to Harvey, specifically Atlas 14, which is 
a compendium of precipitation-frequency estimates by region. What will be the impact of these changes on 
Houston’s floodplains? How are the regulatory agencies changing design and analysis criteria and building codes? 
What are the resulting implications? What will adoption of these changes mean for jurisdictional bodies? Read on 
for a current assessment of possible changes, and how they could drastically change Houston’s landscape.

“WHILE REDUCING RISK IS POSSIBLE, ELIMINATING RISK IS NOT.”: HOUSTON’S HISTORY WITH 
STORM WATER MANAGEMENT
The Allen brothers landed in Houston in 1832 where White Oak Bayou meets Buffalo Bayou, on the northern 
edge of present day downtown. The first steam ship arrived in Houston from Galveston Bay in 1837. By 1840 an 
accumulation of sunken ships along that stretch of Buffalo Bayou made access to downtown so challenging that a 
$2,000 taxpayer-funded program began removing the wrecks. Congress provided another $2,000 in 1842 to begin 
the process of digging out Buffalo Bayou to make way for the Port of Houston. Thus began Houston’s struggle to 
control water.

Flooding in 1929 and 1935 inundated downtown Houston and led to creation of the Harris County Flood Control 
District (HCFCD) in 1937. 

HCFCD was originally charged 
with developing and implementing 
flood damage reduction plans and 
maintaining the drainage system.

Today, HCFCD manages the 2,500 
miles of channels contained in 
Harris County, including natural 
streams and primary drainage 
systems.

The Corps of Engineers began 
formulating flood control plans in 
1940, when Houston’s population 
was less than 400,000 people. The 
resulting Barker Reservoir was 
completed in 1945 and Addicks 
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Reservoir in 1948, both approximately 19 miles west of downtown, in the upper watershed of Buffalo Bayou. 
The planned levee along Cypress Creek in far northwest Harris County to limit the overflow into the Addicks 
Reservoir and the additional reservoir in the White Oak Bayou watershed were never constructed. These massive 
improvements were meant to solely protect downtown Houston by capturing flood waters in the Buffalo and White 
Oak Bayou watersheds. They would provide no flood reduction to the other 20 watersheds in Harris County. When 
built, Barker and Addicks together encompassed about 26,000 acres of ranch and farmland. They performed as 
designed for events as large as a 100-year event and limited the amount of water running down Buffalo Bayou 
to downtown Houston. This reliable control of the occasional heavy rain allayed developer fears, and more 
development soon followed, both downtown and across the whole city. Population in Harris County increased 
accordingly, to about 4.65 million people today. Development encroached into ultimate pool elevations and beyond 
the regulatory 100-year ponding limits; this encroachment is what led to thousands of homes being flooded from 
the unprecedented rainfall from Hurricane Harvey that greatly exceeded the 100-year event.

Houston drainage is unique. Rivers and bayous across Texas generally flow 
from north to south toward the Gulf of Mexico. Bayous in Harris County are 
an exception. 

In a geological timeframe of tens of thousands of years, the drainage pattern shifted as the San Jacinto River 
formed and the basin grew; runoff diverted to the forming river to the east rather than going south to the Gulf. 
These diversions are apparent in the upstream reaches of the tributaries to Buffalo Bayou and Cypress Creek 
where the channels make 90 degree turns. The ancient drainage pattern to the south still exists where water leaves 
Cypress Creek and overflows south into the Addicks/Buffalo Watershed. This has resulted in unique development 
requirements to avoid overflow impacts by using complex two-dimensional flow analyses to model increased 
runoff volume and include retention ponds to hold runoff until the reservoir can accept it. 

All this is compounded by the fact that Houston had been sinking. 

Over the past century, aquifers across the metro area have lost between 300 and 400 feet, causing subsidence. 
According to the U.S. Geological Survey, parts of Harris County have dropped between 10 and 12 feet since the 
1920s1. But with the conversion from groundwater to surface water and the efforts of the Coastal Water Authority, 

the creation of the Harris Galveston 
Subsidence District, and the 
Regional Water Authorities, 
subsidence has been eliminated in 
the eastern and southern portions 
of the county and is diminishing to 
the north and west. 

Even with subsidence, the impacts 
on riverine water surface depths 
is trifling. Looking at a countywide 
map and the magnitude of 
subsidence, it would appear to 
be profound. Yet the changes to 
channel slopes and the resulting 
depth changes are de minimis. 
Regardless, the current flood 
insurance studies do include 
impacts from subsidence, no 
matter how small they may be.

Figure 2
Harris County Subsidence Map
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Post-Harvey news reporting gives the perception Houston has experienced an increasing amount of 500-year 
floods. Yet a look at the recent Tax Day 2016 and Memorial Day 2015 storms and their predecessors Tropical 
Storm Allison in 2001, the October 1994 flooding, Tropical Storm Claudette in 1979, and Hurricane Carla in 1963 
shows that these floods were not countywide and occurred in different watersheds. Harris County is big. Our 
watersheds are big. Using the generic “Houston” descriptor is like stating a flood in Connecticut also occurred 
in Rhode Island and Massachusetts. When eastern Harris county was devastated by Tropical Storm Allison, the 
western side remained unscathed. Harvey is the first county-wide event that exceeded the 100-year rainfall for 
not only Harris County but the entire Gulf Coast extending to Louisiana. Harvey was a unique event in so many 
ways and has been so distant from other observations it may excluded from the historic record in determining 
the 100-year rainfall. So then why has Houston been having so many floods lately? Floods, like the Texas drought 
from 2010 to 2015, persist for years at a time. Weather patterns are not random - wet one year and dry the next - 
but tend to be similar to the previous year. 

Research continues on how to reduce Houston’s risk from flooding while 
maintaining our growth, quality of life, and prosperity. This statement 
taken from the HCFCD website sums up the challenge, “Even the Harris 
County Flood Control District’s name implies ‘control’ is the goal – the fact 
is that, while reducing risk is possible, eliminating risk is not.”

A 500-YEAR FLOOD, AGAIN: AN OVERVIEW OF FLOODPLAIN MAPS
Most homeowners’ exposure to floodplain maps came during their first home buying experience, when the 
question of flood insurance came up. Congress implemented the National Flood Insurance Program (NFIP) in 
1968 with the intent of providing flood insurance and reducing future localized flood risks through more effective 
floodplain management at the community level. The Federal Emergency Management Agency (FEMA) manages 
the NFIP, overseeing floodplain management and mapping. Nationally, the first NFIP maps were published in 
in the late 1960s; the first Houston area maps were published in the 1970s. The NFIP is administered locally by 
24 cities and Harris County. Each community is required to adopt floodplain regulations, require development 
permits, inspect projects, and review technical data for potential impacts to the Base Flood Elevation (100-year 
water surface elevation) within the Special Flood Hazard Areas (floodplains). The Harris County Flood Control 
District is not involved in administration of the NFIP; the agency is a technical expert to communities that ask for 

assistance. HCFCD is responsible 
for the maintenance of the Flood 
Insurance Rate Maps within Harris 
County. 

Harvey has routinely been called a 
500-year flood, and even a 50,000-
year flood. The determination is 
based on rainfall volumes over a 
six-day period. A 500-year flood in 
theory has a 1-in-500 (0.2 percent) 
chance of being equaled or 
exceeded in any given year. FEMA 
delineates 100-year and 500-year 
floodplains on what is known 
as Flood Insurance Rate Maps 
(FIRMs.) 

City and county governmental 
agencies use these maps to 

Figure 3
Source: Lindner, Jeff, Immediate Report – Final, 
Hurricane Harvey - Storm and Flood Information, 
Harris County Flood Control District, June 4, 2018
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determine the minimum floor elevation for structures, the types of materials used for construction, and types 
of foundations. The City of Houston, Harris County and most other communities use “Best Available Data” and 
require proposed development to consider the most current floodplain mapping, either preliminary or effective, 
whichever is most restrictive. The finished floor elevations continue to rise as freeboard requirements above the 
100-year water surface elevation went from zero in the 1970s to one or more feet, to greater than the 500-year 
flood in reaction to Hurricane Harvey.

The first flood insurance rate maps for Harris County were published in 1970 and later in 1979 for the City of 
Houston. Major infrastructure at the time included interstates I-10 and I-610; Beltway 8, 1960/SH 6, and the Grand 
Parkway did not exist. 

Prior to the 1970s, development did not have to consider whether a street 
or a house was in the floodplain since FIRMs did not exist. Yet most of the 
area bound by the future Beltway 8 had already been developed without 
consideration of the 100-year water surface elevation.

Local development regulations at the time generally required subdivision street drainage to have capacity for a 
2-year (or less) event. No analysis was required on what would happen during a 100-year event, no requirement 
to provide an outfall and path for water from the 100-year flood, and no requirement to provide detention. In 1984, 
after major updates to the FIRMs, HCFCD developed and adopted criteria that required new development to 
mitigate increased runoff with detention and provide paths for the 100-year flood to move through the subdivision 
to an outfall at a channel. Given the amount of existing development inside Beltway 8 at the time, the requirements 
applied mostly to subdivisions outside the City of Houston and to the unincorporated areas of Harris County.

After floods in the 1990s through Tropical Storm Allison in 2001, design criteria and FIRMs continued to evolve and 
improve due, in part, to technological advances in computing, data acquisition and analysis. The advent of LiDAR 
(Light Detection and Ranging) allowed precise and accurate topography to be collected for use in watershed 

Figure 4
1979 Flood Insurance Rate Map (FIRM)

Figure 5
2014 Flood Insurance Rate Map (FIRM)
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delineation, channel geometry, and floodplain mapping to create the 
most scientifically accurate mapping at the time. During the period 
from 2001 to today, the City has adopted criteria for new development 
that includes detention and overland flow paths. Harris County refined 
their criteria so that since 2009, new subdivisions are generally well 
protected from the threat of flooding from a 100-year event to an even 
greater flood, evidenced by Hurricane Harvey, where less than 3% of 
homes in conforming subdivisions flooded2, 3. 

Current FIRMs are based mostly on riverine flooding in the Houston 
area where water is assumed to flow to bayous, raise the water level, 
and inundate the floodplain. But flood insurance claims do not reflect 
this pattern of inundation. Depending on the flood event, 40-60% of 
flood insurance claims are outside of mapped, regulatory floodplains. 
This indicates areas where the local drainage is inadequate to convey 
the 100-year flood to the bayou. As previously mentioned, these are 
predominantly areas that were developed before floodplains existed. 
In the future these areas could become part of the Flood Insurance 
Rate Maps or be included as additional regulatory flood zones. Like 
the advances we experienced in the last decade in topographic data 
and computing that led to superior mapping of the Cypress Creek 
overflow, we now have sufficient resolution to “see” these areas and 
model and map smaller, localized ponding areas.

Rainfall during Hurricane Harvey caused flood water ponding to 
exceed the 100-year levels, flooding homes in the upstream reaches 
of the reservoirs. Addicks Reservoir received a peak inflow of over 
72,000 cfs, impounding 171,000 acre-feet of water. Flooding occurred 
outside of the 100-year pool elevation in Barker Reservoir, flooding 
nearby homes. Both reservoirs combined stored 389,000 acre-feet. This is equivalent to four inches of water 
covering all of Harris County. As owner and operator of the reservoirs, the U.S. Army Corps of Engineers opted 
to release 16,000 cfs to Buffalo Bayou due to concerns about impacts to safety at the reservoirs from possible 
additional rainfall. This release combined with local runoff downstream caused additional structures to flood. 

On April 12, 2018, 
the name Harvey 
was officially retired 
from the National 
Hurricane Center list 
of tropical cyclone 
names and will never 
be used again. 

Names are reused 
every six years 
unless the storm is 
particularly deadly 
and devastating. The 
name Harvey will be 
replaced with Harold 
and will first appear 
in 2023.    
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HURRICANE HARVEY 
BY THE NUMBERS
Harvey was unprecedented 
in the volume of rain 
dumped in one location in 
a single event. 

The National Weather 
Service reported the 
average amount of rainfall 
as 51.66 inches. 

The total estimated amount 
of rainfall was 27 TRILLION 
gallons over six days. 

There were 36 storm-
related deaths as of 
September 27, 2017. 

Additional statistics 
provided by HCFCD are 
included in the chart at 
ritght.
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RAINWATER, RUNOFF AND RIPARIAN ECOLOGY: REGULATING MOTHER NATURE
Harvey highlighted the array of issues surrounding floodplain management across Harris County. 
Coincidentally and simultaneously to Hurricane Harvey, the National Weather Service had begun 
revaluating and updating rainfall frequencies and depths across Texas. This is an update to the 
National Weather Service Technical Paper 40 “RAINFALL FREQUENCY ATLAS OF THE UNITED 
STATES” published in 1963. Houston’s effective Flood Insurance Study is based on updated rainfall 
values developed by the U.S. Geological Survey in 1998. Preliminary data from Atlas 14, as the updated 
Technical Paper 40 is known, suggests that rainfall volumes may increase in Harris County for the 
100-year, 24-hour storm from about 13 inches to 16 inches, and as much as 18 inches in some areas. 
The question for jurisdictional bodies then becomes, “How will this impact floodplains?” If this 25% 
(or more) increase is blindly used to usurp rainfall amounts in current models, the discharges would 
also be expected to increase by at least 25% and, in a rectangular channel, the flood depths would 
have resultant increase of 25%. But Houston’s channels are more trapezoidal so the increases in depth 
would be less with this single revision to the modeling.

Similar to rainfall, statistics are applied not only to rain gages but also 
to streamflow discharges and water surface elevations to determine 
the 100- and 500-year values. FIRMs are created by mapping water 
surface elevations, not rainfall. The models are calibrated so that 
the input rainfall will recreate observed and statistically-determined 
discharges and water surface elevations. This should result in modeled 
flood depths to increase but by less than 25%, and will most likely 
require a revision to the hydrology to align with the observed data. But 
be forewarned that the results from the statistics produces wide and 
varied values that could be used to validate increased water surface 
elevations used to map floodplains. For instance, at Interstate 10 at the 
Texas/Louisiana border, the 100-year, 24-hour rainfall in Atlas 14 is 16 
inches but based on the 90% confidence intervals, it could range from 
12.1 to 21.7 inches. Floodplains based on this rainfall could also have a 
large variation that would “fit” within this wide range and appear to be 
reasonable. Local jurisdictions must review their policies and criteria 
to determine the proper adoption and application of Atlas 14 to keep 
our floodplains from ballooning to unreasonable.

The higher standards will require new development to be elevated 
higher than ever before. They will also increase the regulated area 
larger than ever before. The higher standards will increase foundation 
costs for new and retrofitted homes, reducing affordability. But these 
higher standards will also reduce the risk of flood damage. In a 
floodprone community such as Houston we need to balance our risks 
with costs. Only time will tell if the new regulations have reached this 
balance.

To mitigate deficiencies within existing drainage infrastructure, large 
scale projects to help detain and divert floods could cost billions of 
dollars and be constructed over decades. To be effective, these large 
scale projects will require participation across community boundaries 
and should be based on the entire watersheds that extend outside 
of Harris County. More immediate projects could be constructed to 
alleviate the internal drainage problems within neighborhoods to 
convey water to the bayous and reduce flooding to homes outside of 
the floodplain. 

The biggest question 
now being asked is 
how can regulatory 
changes mitigate 
future damage? 

For residential construction, 
the response from the City of 
Houston and Harris County has 
been to increase the elevations 
of new homes and businesses 
from 1 or 1.5 feet above the 100-
year water surface elevation to 
the 500-year or 2 feet above 
the 500-year depending on the 
jurisdiction. 

New Flood Insurance Rate 
Maps, coming in three to five 
years, will incorporate the 
higher rainfall rates in Atlas 14 
which will potentially increase 
floodplains and 100- and 500-
year water surface elevations, 
forcing new construction to be 
further elevated.
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In August 2018, Harris County voters approved $2.5 Billion in bonds to 
finance flood damage reduction projects throughout the county. These funds 
will be used to continue to enhance the HCFCD flood warning system.

The HCFCD Flood Warning System is used to prepare inundation maps, collect rainfall and water surface elevation 
data for use in model calibration, and in decision making for reservoir operations and emergency response for 
evacuations and road closures. The HCFCD Flood Warning System extends outside of Harris County with partners 
in the San Jacinto River Authority, The Woodlands, and the USGS, and it is being expanded. The Flood Warning 
System can evolve from a series of discrete rainfall and water surface monitoring stations that currently provide 
text and web alerts to become a near real-time Early Warning System. The Early Warning System will only be as 
accurate as the input rainfall and on-the-fly calibration from water surface observations. This requires defining the 
spatial and temporal rainfall distributions as accurately as possible across the entire watershed. 

CONCLUSION
Current regulations have generally protected Houston from flooding. Recently constructed subdivisions fared 
much better than older neighborhoods in the unprecedented Harvey rainfall event. Updating the drainage of 
older subdivisions will be expensive and lengthy to correct. Near future policy and science changes (such as 
Atlas 14) will continue to trend toward higher standards, increasing structure elevations and jurisdictional extents. 
Communities will need to expend more resources on floodplain management to keep up with the demands from 
the public to keep us safe from flooding. 
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