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Executive Summary

Rainwater harvesting has long been part of Texas’s water story—from ancient tinajas
used by Indigenous peoples to cisterns that made early settlements viable. Today,
however, rainwater harvesting remains underutilized in modern water planning,
primarily due to the perception that it is unreliable—particularly during droughts. This
report addresses that perception by introducing a firm-yield framework to quantify the
reliability of rainwater harvesting systems across Texas.

Using long-term daily precipitation records from 19 locations representing all

regional water planning areas in the state, we developed and applied the Rainwater
Assessment and Interactive eNumator for Firm-yield Analysis Limits (RAINFAL) tool—a
spreadsheet-based modeling tool that allows users to evaluate the performance,
reliability, and firm yield of rainwater harvesting systems. The tool uses a daily water
balance equation incorporating rainfall, catchment area, runoff efficiency, first-flush
volumes, storage capacity, and daily use.

Our analysis shows that rainwater harvesting systems can be designed to provide a
100-percent reliable supply under drought of record conditions—known as firm yield—
even in Texas’ most arid regions. Systems with 3,000 square feet of catchment and
30,000 gallons of storage can reliably support different levels of indoor household use
in every part of the state, even in El Paso. For drier regions, larger firm yields can be
achieved with larger catchments, additional storage, or lower daily use. We also found
that the drought that defines a system'’s reliability depends on catchment, storage, and
level of use, suggesting that the drought of record for the local reservoir or aquifer may
not apply to rainwater harvesting.

These findings have significant implications for water planners, regulators, builders, and
homeowners. They demonstrate that rainwater harvesting is not merely a conservation
strategy— it is a legitimate, quantifiable water-supply option. Incorporating firm-yield
rainwater systems into regional and state water planning can reduce dependence on
strained conventional supplies, especially during drought.

We provide the RAINFAL tool and its accompanying user guide freely through The
Meadows Center for Water and the Environment to empower practitioners, planners,
and the public with the ability to design reliable, resilient rainwater systems and
evaluate the reliability of their current systems. With thoughtful planning and robust
design, rainwater harvesting can play a meaningful role in Texas’s water future.

MEADOWS REPORT 25-003 // 7



Introduction

For thousands of years before Texas existed, Native Americans used natural cisterns
to capture rainwater (TPWD 2023). These natural cisterns, known as tinajas in
Spanish, were small depressions in the surface for retaining rainwater (TPWD 2023).
Following statehood, rainwater harvesting also made Texas habitable during its
settlement. People relied on underground cisterns for water storage (Mace 1994) such
as in the Texas Panhandle, where families needed cisterns to store water during the
scorching summers or snowy winters (Trew 2002). In East Texas, cities like Brenham
used cisterns to store water for firefighting or personal use (City of Brenham 2023).
The Texas capitol building captured rainwater for drinking water, fire protection, and
operating elevators (TSPB undated).

With the advent of centralized water systems, deeper wells, and affordable pumps,
rainwater harvesting became less popular as a water supply. However, over the

past several decades, rainwater harvesting has re-emerged as an alternative supply,
especially when local supplies are scarce or of poor quality and as a water conservation
strategy to minimize the use of more conventional water supplies such as surface water
and groundwater (Krishna 2005). Rainwater has several advantages over conventional
supplies, including water quality, minimization of infrastructure, stormwater benefits,
and cost (Krishna 2005). Rainwater can also serve as a back-up supply when city
supplies are interrupted, such as during Winter Storm Uri or other power outages.

Despite the many benefits of rainwater harvesting, there has been a reluctance by
communities to adopt it beyond the rain barrels used to engage ratepayers with

water conservation. In part, this is due to the perception that rainwater harvesting is
not reliable. For example, the 2012 State Water Plan states that, “While it is often a
component of municipal water conservation programs, rainwater harvesting was not
recommended as a water management strategy to meet needs since, like brush control,
the volume of water may not be available during drought conditions” (TWDB 2012).
Banks will sometimes not finance a home with rainwater harvesting (GEM 2016) due to
perceived unreliability issues, something we heard still occurs in the Hill Country where
conventional groundwater resources are often, ironically, unreliable (and becoming
more so).

The lack of a rigorous method to assess the reliability of rainwater harvesting may

be an impediment to the wider adoption in Texas. A rule of thumb we have heard for
single-family homes wholly dependent on rainwater in the Texas Hill Country near
Dripping Springs over the years is 10,000 gallons of storage per person. Installers have
told us that 30,000 gallons of storage for a typical home in the Hill Country is a good
unwritten rule. One system installer told us that “40,000 is the new 30,000” to address
the droughts that Central Texas has suffered over the past couple of decades.

The Texas Water Development Board provides a spreadsheet to size rainwater
systems for 19 locations around the state (TWDB 2010). However, the spreadsheet
uses average monthly precipitation for 1970 to 2000 to size tanks. Given the variability
of rainfall in Texas, designing a system for an average is unlikely to be reliable during
droughts. In addition, 1970 through 2000 was a wetter-than-normal period for Texas,
further decreasing reliability when using the tool. Similarly, a spreadsheet-based
rainwater calculator available to the public by Texas Agrilife Extension uses average

8 \\ THE MEADOWS CENTER FOR WATER AND THE ENVIRONMENT



monthly rainfall values (Agrilife Extension, undated). The Rainwater Harvesting
Manual published by the American Rainwater Catchment Systems Association (Audry
2015) also recommends using monthly averages in addition to high and low monthly
averages if available (although it does not show how to use the high and low monthly
averages in an analysis).

One of us (Mace) modified the Texas Water Development Board’s calculator to use
daily data when designing a rainwater harvesting system to meet outdoor needs at his
house in Austin. He found that a system designed as “reliable” using the Texas Water
Development Board’s calculator would, in fact, fail in four out of every ten summers
(Mace 2013).

David Venhuizen, P.E., who works as a consultant on alternative water supplies,
developed a spreadsheet model that uses monthly precipitation totals for one to two
decades to design systems (Venhuizen 2008). This tool is an improvement over the
TWDB (2010) tool, but the limited record may miss the local drought of record and
thus overestimate reliability while the monthly averaging decreases accuracy and may
overestimate reliability.

Like us, Lawrence and Lopes (2016) noted the lack of rainwater harvesting in the state
water plan and set out to provide actionable information to regional water planners.
They used an approach by Imteaz and others (2012) that identifies the 10th, 50th,
and 90th percentile years for annual precipitation and then uses the daily precipitation
record from those years to calculate reliability and optimize storage volume.

Lawrence and Lopes (2016) calculated systems for Dallas, Houston, and San Antonio.
Unfortunately, the method grossly underestimates reliability (it does not use the full
record) and substantially underestimates (by an order of magnitude) storage volumes
needed to achieve a certain level of reliability (Briones 2023). Furthermore, in all the
scenarios that Lawrence and Lopes (2016) investigated, the reliability was less than
100 percent and therefore not firm.

Water planning in Texas is based on how much water existing and planned supplies
can provide during a repeat of the drought of record (TWDB 2022). While the
statewide drought of record remains the drought of the 1950s, and the worst one-year
statewide drought occurred in 2011, local or regional climatic conditions define the
drought of record for each water source across the state. For surface-water resources
in Texas, including rivers, streams, and reservoirs, firm yield is the term of art for how
much water can be consistently produced through the full period of record?. The period
of record includes, by definition, the worst drought of that record?.

Rainwater harvesting systems and surface-water reservoirs both collect and store
rainwater for use. Precipitation falls from the sky, water runs off a surface, water
collects in storage, and water is available for use. Given the similarities between the
two water systems, it follows that engineering concepts and techniques to quantify the
reliability of surface-water reservoirs can—and perhaps should—be used for rainwater

1 There can, of course, be droughts worse than the drought of record. Tree rings suggest that there have been
droughts worse than the drought of record (Cleaveland and others 2011), and climate modeling suggests
Texas may face more frequent and worse droughts in the future (Nielsen-Gammon and others 2020).

2 Firmyield is defined differently in different parts of the country and the world and is oftentimes referred to as
the safe yield (Mace 2022). In Texas, safe yield refers to extending the drought of record to include a safety
factor in supply estimates.
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harvesting systems as well. Since regional and state water planning in Texas seeks

firm, 100-percent reliable supplies, assessing firm yields may advance rainwater
harvesting in the state.

To our knowledge, no one has developed a tool to calculate the firm yield of rainwater
harvesting. Therefore, our goal was to develop this tool using daily precipitation data
from representative locations in regional water planning areas across the state. Our
goal was to also make this tool user-friendly and freely available to water planners,
rainwater harvesting designers, and the public to help them design rainwater
harvesting systems and determine the reliability and firm yield of existing or planned
projects. Although the focus of this work is on Texas, the approach and tool can be
used at any location with long-term daily precipitation data.
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Methods

To achieve our goals, we first developed a governing equation to model the harvesting
of rainwater and its use. We then identified reasonable values for the different
variables in the governing equation for Texas. After that, we generated a series of
graphs for various locations across the state that optimized storage volume and
catchment area to achieve a range of firm yields. We then analyzed those graphs

for patterns and general observations and used the tool to more closely investigate
reliability and rainwater harvesting.

Although our graphs and results are focused on household-scaled rainwater
harvesting, our methods and tools can be applied to any sized roof. However, our tool
is directed toward optimizing systems that provide consistent daily use and does not, at
this time, include a seasonal component.

Governing Equation

In a rainwater harvesting system, rainwater is collected after it falls onto a roof, moves
across the roof, enters the gutters, overfills a first flush system, and empties into
storage. Not all the rain that falls on a roof makes it to storage. A dry roof and gutter
will retain some of the rain before water runs into storage. In watersheds, this retention
is estimated through a runoff coefficient that describes the efficiency of rainfall turning
into runoff. For a roof, this runoff coefficient is generally a function of roof material and
slope (Farreny and others 2011).

The water that runs off a roof enters and flows down a gutter, and then interacts with

a first flush system. Recommended for potable systems, the first flush diverts a certain
amount of the initial runoff before rainwater enters the tank. The purpose of the first
flush is to prevent the initial wash-down of the roof, which includes dust, dry deposition
of air pollution, and other contaminants, from affecting water quality in the tank.

Once there is enough flow to overcome the first flush, rainwater enters the tank.
Because most storage for rainwater harvesting is closed, there is little to no evaporative
loss. If the storage fills past capacity, an overflow allows excess water to exit storage,
and that water is lost. Collected rainwater remains in storage until used. In the case of
storage being almost exhausted, a dead pool of water (another term borrowed from
surface-water reservoir management) remains in the bottom as a sediment reservoir
and is therefore not available for use (but could be available in an emergency, just as in
surface reservoirs).

Non-potable systems do not generally have dead pools and pull from the bottom of the
tanks while potable systems generally have floating intakes which disallow draining
the entire tank.

Depending on the purpose of the use, the stored rainwater may undergo filtration and
exposure to ultraviolet light for indoor use or no treatment for outdoor use. Filtration
and ultraviolet light do not result in any treatment losses. If a user decides to use
reverse osmosis for additional treatment, there may be a loss of water. To generalize
the terminology, we refer to roofs as catchment and tanks as storage from this point
forward.

MEADOWS REPORT 25-603 // 11



In mathematical form, the governing equation for a daily water budget is:

V.=V ,+RxAxC-V_ -V (1)
unless

V>R xAxCinwhichcase V., =RxAxC (2)

V,>V_. inwhichcaseV, =V, (3)

V, < 0 in which case V, =0 (4)
where:

A = area of the catchment [L?]

C = runoff coefficient for the catchment [-]

R = precipitation on day t [L]

V.= volume of the first flush [L?]

V, = volume of water in storage at the end of day t [L°]

V., = volume of water in storage at the end of the previous day [L?]
V.., = total storage volume [L°]

V, = volume of daily use [L°]

The first term in Equation 1 (V_,) is the volume of water in storage yesterday, the
second term is the volume of water running off the roof (R x A x C), the third term is
loss of volume from the first flush (V,), and the fourth term is the loss of storage from
use (V). Equation 2 is for the case when the volume of the first flush is less than the
rainfall collected from the roof, setting the volume of the first flush equal to the volume
of the rainfall collected from the roof. This results in no water being added to storage
when the flow from the roof cannot overcome the first flush. Equation 3 is for when the
tank is full, setting the maximum volume in storage to the maximum volume of storage.
Equation 4 is for when the storage is exhausted (including the dead pool) setting the
volume of storage to zero when use of water is greater than the remaining storage.

RAINFAL

We programmed our governing equation into an Excel workbook we named the
Rainwater Assessment and Interactive eNumator for Firm-yield Analysis Limits (aka
RAINFAL). The workbook includes two sheets, the first focused on input parameters
and output, and the second focused on calculations. Sheet 1 includes user-adjustable
parameters and presents the results in a graph (Figure 1). Users can optimize
catchment area, storage volume, or daily use through trial-and-error on the parameter
of interest or, for more sophisticated users, can use Excel’s iteration tools to semi-
automatically optimize a parameter of interest.

The spreadsheet provides a graph of results for users to visualize storage in the tank
over the period of record and identify when water storage in the tank is at its lowest.
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Although the focus of our research was on defining firm yields, we also provide the
ability for users to assess system reliability (100 times the total number of days storage
is zero divided by the total number of days in the record) and the total number of days
storage is zero.

Because assessment of the system begins at the start of the record, we allow the user
to define the initial condition of how full the tank is at the beginning of the simulation.
By varying this initial condition, a user can test whether initial conditions influence
results.

Also included on Sheet 1 is the daily precipitation data for the identified location. We
also provide the ability to proportionally adjust the precipitation record. This allows a
user not in the identified locale but near it to modify the precipitation record to more
reflect local conditions. For example, if someone in Llano, Texas, wants to design

a rainwater harvesting system for their drier conditions, they can proportionally
adjust Austin’s rainfall by dividing Llano’s average precipitation (27.6 inches) by
Austin’s average precipitation (35.5 inches) and inserting that number (0.777) into
the “Proportional adjustment” cell. The spreadsheet will then multiply all daily
precipitation values for Austin by the proportional adjustment value. Local daily data is
preferred, but, lacking that data or a long record of that data, this is a better approach.
Proportional adjustment can also be used to design resilience for a drier climate. For
example, if you want to design a system where rainfall is 10 percent less than the
record, you can put 0.90 into the proportional adjustment cell.

Sheet 2 is where we coded the governing equation and different logic tests to calculate
storage over time.

We developed RAINFALs for each of the cities we investigated for this report and
provide them at the Meadows Center’s website (www.meadowscenter.txst.edu). We
also provided a blank version for use at any locale with long-term, daily rainfall data.
Anyone who changes or updates the precipitation data on Sheet 1 needs to make sure
that the equations in columns A through K on Sheet 2 cover the same number of rows
of precipitation data on Sheet 1.

We provide a standalone User’s Guide (Mace 2025) separate from this report so we
can continue to extend the record and add functionality without having to update this
report.

Quantifying the Terms

Each of the user-adjusted parameters need reasonable estimates or ranges for use. We
did this specifically in our focus on Texas, but many of the estimates and much of the
logic conveys to other locales.

For precipitation, R, we downloaded daily data from Climate Data Online (NCEI, 2023).
We chose data from Climate Data Online because it is the only online database that
has continuously collected precipitation data throughout the state. Throughout every
regional water planning area, there are multiple weather stations that have recorded
rainfall data since the early 1900s. We assumed that any frozen precipitation will melt
and end up flowing through the rainwater harvesting system. This assumption probably
overestimates water volumes since snow may blow off of a roof, accumulated frozen
precipitation may slide off of roof without snow guards, or the system may freeze if
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it is not designed for cold weather. Given that Texas does not receive much frozen
precipitation, this assumption is workable.

Our goal was to calculate the firm yield of rainwater harvesting throughout the state
with at least one station in each regional water planning area (Figure 2). We chose two
locations in some planning areas to reflect the range of precipitation across regions that
are long and cross different climatic zones (Figure 2). We chose stations that had long
records with good data coverage (in other words, a high percentage of precipitation
data collected every day). Given the wide range of climatic conditions across the state,
average annual precipitation for the locales we investigated ranged from 14 inches in El
Paso to 52 inches in Texarkana (Table 1).

We based our “typical” catchment area on the median square footage of new
contractor- built single-family homes of 2,609 square-feet as reported for 2021, the
most recent available number (U.S. Census Bureau, 2023a). We used new construction
because new construction is more likely (and easier) to include a whole-house
rainwater harvesting system than retrofitting an existing house. We assumed a single-
story structure. To account for eaves, we assumed a square structure with two-foot
eaves which resulted in an additional 212 square feet of catchment. We also assumed
a two-car garage, which generated an additional 360 square-feet of catchment. Adding
these areas up resulted in 3,181 square-feet of total catchment. We assumed rainwater
would be collected from the entire catchment but rounded down to 3,000 square-feet.

Note that catchment may be (and often is) different than roof area. Roof area represents
the area of the roof’s surface. Catchment is the area that captures rainfall. A roof at an
angle will have a roof area greater than the catchment area. For the same roof area,

the greater the slope, the lower the catchment area (think of the difference between
roof area and catchment on an A-frame). In other words, geometry may be required to
calculate the catchment of your roof.

Given our assumptions, we may have overestimated catchment given the size of
the home (although homes continue to get larger) and the assumption of a single-
story structure (although buyers do prefer single-story homes); however, we have
also underestimated catchment by not including covered porches and entry ways.
Regardless, RAINWATR can be used with any catchment area the user prefers,
including superstore or larger roofs.

We used 0.92 for the runoff coefficient, C, for metal catchments (Farreny and others
2011). This means that when there is a precipitation event, 92 percent of that event
makes it off the catchment, into the gutter, and to the first flush. We apply the

runoff coefficient on a daily basis in RAINFAL, which may underestimate flow off the
catchment for multi-day rainfall events. Average runoff coefficients for other catchment
type are 0.84 for clay tiles, 0.91 for polycarbonate plastic, and 0.62 for flat gravel
(Farreny and others 2011); 0.9 for asphalt shingles and concrete and 0.8 to 0.85 for tar
and gravel (Downey and others 2009); and 0.23 for green roofs (TWDB 2010). If you
have a rain gage, know your catchment area, and know how much rain makes it into
your take (accounting for a first flush), you can calculate your own runoff coefficient.

For the first flush, V., we used 10 gallons per 1,000 square feet of catchment (TWDB
2010). Accordingly, the first flush is calculated based on the catchment area in
RAINFAL (Briones [2023] used a fixed first flush of 50 gallons regardless of catchment
size). Several factors can (or should) be considered when choosing a first flush volume,
including local precipitation, storm intensity, and canopy (Charlebois and others 2023).
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Kus and others (2010) suggested flushing the first 1 to 5 millimeters of rainwater
depending on treatment to improve water quality which amounts to 25 to 123 gallons
per 1,000 square feet.

The 10-gallons-per-1,000-square-feet value appears to be the industry standard,

at least in Texas, and is referred to by the American Rainwater Catchment Systems
Association (Audrey 2015) and is why we chose this value for our analysis. However,
as shown above, recent research suggests that perhaps larger amounts of water should
be diverted from the tank to protect water quality.

Storage for rainwater harvesting ranges from a 55-gallon rain barrel (and smaller) to
hundreds of thousands of gallons (and larger). Accordingly, the total storage volume,
V.. required varies according to catchment area, precipitation, and use. Areas with
more rainfall usually require a smaller amount of storage, while areas in more arid
climates require larger storage volumes. The volume of the water in storage, V,, can
also vary depending on recent rainfall and daily use. We used 30,000 gallons of
storage as the “base” volume for our analyses because this is the commonly installed
volume in the Texas Hill Country for whole-house systems and is cost-competitive to

drilling a well.

For daily, firm use, V, we investigated a range of 10 to 160 gallons per day. We based
the lower value, in part, on Petrie (2020), who lives off the grid near Bastrop, Texas,
with 3,000 gallons of storage and an average daily use of 10 gallons per person per
day. WCAC (2022) reported annual medians for residential daily water use in Texas
of 65 to 72 gallons per person per day for 2017 through 2021 with 66 for 2021, but
this includes outdoor use. People who rely on rainwater to meet their indoor water
needs do not tend to use their supply for outdoor irrigation. Hermitte and Mace (2012)
reported that 31 percent of total residential use in the state was for outdoor use.
Assuming this percentage applies to the more recent WCAC (2022) numbers, average
indoor water use in Texas is perhaps 45 to 50 gallons per person per day.

Some may question these low numbers as compared to typical urban use of water.
People who rely on rainwater to meet their water needs tend to be efficient users of
their water (Capehart and Eden, 2021). High-efficiency homes in general use 36.7
gallons per person per day (DeOreo and others 2011). California state agencies
recommend indoor water use standards of 55 gallons per person per day by 2023, 47
by 2025, and 42 by 2030 (CA- DWR, 2021). Californians currently use 48 gallons per
person per day, with a quarter of homes using less than 42 (CA-DWR, 2021). Denver
Water would like its customers to use 40 gallons per person per day indoors (they are
currently using about 50) (Denver Water 2025). One of us (Mace) lives in Austin with a
partner, eight cats, WaterSense-rated fixtures, EnergyStar-rated appliances, dual-flush
toilets, and no outdoor use, resulting in about 35 gallons per person per day. A two-
year pilot project by the 50 Liter Home Coalition and the U.S. Green Building Council
California, with 31 homes using existing water-efficiency products such as plumbing
fixtures, faucets, appliances, and consumables, reduced indoor water use to 23 gallons
per person per day (Du Brow 2025).

Although we used indoor household use to define the range of water demands we
investigated, it ultimately does not matter what the water is used for—what matters is
the amount. For example, a building seeking to use rainwater for indoor non-potable
uses could also use our approach to design a firm rainwater system.
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Just as surface-water reservoirs collect sediment, so do rainwater-harvesting systems.
In surface-water reservoirs, the part of storage dedicated to sediment collection is
called the dead pool. Potable rainwater harvesting systems should also have dead
pools to protect the integrity of water quality and filters in the system. Audry (2015 p
2-7) recommends placing the outflow pipe greater than or equal to 4 inches from the
bottom of the storage or using a floating outflow device.

Ultimately, the size of the dead pool depends on the quality of water entering the tank
(sediment load), quality requirements for the end use of the water, and the design of
the intake (how water is removed from the tank), among other factors. We assumed
that the dead pool was 5 percent of the total storage. For a 30,000-gallon tank with a
diameter of 26.33 feet, 5 percent of storage is 1,500 gallons and represents 4.4 inches
of water in the tank.

Analyzed Locations

We chose our analysis sites based on having at least one site in each of the regional
water planning areas. For water planning areas that extended across a range of
precipitation amounts, we chose two sites. We also based site selection on the
availability of daily precipitation records that included the drought of the 1950s. In
all, we selected 19 locations across the state: Abilene, Amarillo, Austin, Brownsville,
Dallas, Del Rio, El Paso, Fort Davis, Hallettsville, Houston, Laredo, Lubbock, Lufkin,
Midland, San Angelo, San Antonio, Texarkana, Waco, and Wichita Falls (Figure 1).
Average annual precipitation for these gages ranged from 14 inches in El Paso to 52
inches in Texarkana (Table 1).

We downloaded precipitation data from NOAA (2023) where the shortest record

was 76.4 years long for Laredo and Corpus Christi and the longest record was 131.1
years long for Texarkana (Table 2) with an average record of 93.3 years. Early data
collection was often incomplete, so we truncated incomplete early data resulting in a
shortest record of 58.8 years long for Laredo and a longest record of 131.1 years for
Texarkana (Table 2) with an average record of 89.3 years. This truncation still resulted
in incomplete records for 10 of the locations. In these cases, we assigned days without
measurements a value of zero. This means that our analysis may slightly underestimate
firm yields since the record is probably missing some days that rained. However, most
days in Texas do not see precipitation. For example, 87 percent of the days in El Paso,
82 percent of the days in San Angelo, 77 percent of the days in Austin, and 69 percent
of the days in Houston recorded no precipitation (these numbers are based on the data
we downloaded from NOAA [2023]).

Assessing Firm Yield

We used the RAINFAL spreadsheet to estimate firm yields, which we defined as when
reliability equals 100 percent over the period of record without storage in the tank
falling below the dead pool.

There are three primary variables when calculating the firm yield of a rainwater
harvesting systems: (1) rainfall, (2) catchment area, and (3) storage. To facilitate
interpretation, we conducted three separate analyses: (1) the minimum amount of
storage required to achieve a firm yield for a range of daily water use with a fixed
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catchment area of 3,000 square feet, (2) the minimum amount of catchment required
to achieve a firm yield for a range of daily water use with a fixed storage volume of
30,000 gallons, and (3) the maximum daily water use to achieve a firm yield for a fixed
roof area of 3,000 square-feet and a fixed storage volume of 30,000 gallons.

A B C D
1
2 |RAINFAL (Rainwater Assessment and Interactive eNumator for Firm-yield Analysis Limits)
3 | itemsin red are user-assigned; items in black are calculated version: 2025-0528
4 | Austin _|
5 Weather station: Camp Mabry
6
7 |user-adjusted parameters:
8 Ar 3,000 ft*ft catchment area
9 vVt 30,000 gallons volume of storage
10 daily demand 94 gallons per day
11 runoff coefficient 0.92 unitless what fraction of rain runs off catchment
12 precip adjuster 1 unitless [fractional adjustment to precipitation record

13
14 conversions & calculations:

15

16 vt 4010.4 fr*fr*ft volume of storage

17 Vif 4,01 ft*ft*ft volume of first flush (assumes 10 gallons per 1,000 square feet)

18 daily demand 12.57 ft*ft*ft perday

19 starting tank storage 50 percent full should be greater than dead pool percentage to determine firm yield
20 starting tank storage 2005.2 ft*fr*ft

21 dead pool 5 percent full

22

water in storage (gallons)

35,000
30,000
25,000
20,000
15,000
10,000
5,000
[}
11/7/32 717/ 46 3/25/60
dead pool storage: 1500 gallons
lowest storage: 2224 gallons
reliability: 100.00 percent
days with no water: 0 days
overflow: 1,602,338 gallons

12/2/73 8/11/87 4/19/01 12/27/14 9/4/28

Figure 1. Input and output of the Rainwater Assessment and Interactive eNumator for Firm-yield
Analysis Limits (RAINFAL, version 2025-05).
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Figure 2. Location of weather stations (red dots) in the sixteen regional water planning areas
(outlined in blue and named with letters) analyzed in this study.

18 \\ THE MEADOWS CENTER FOR WATER AND THE ENVIRONMENT



Table 1. Average annual precipitation (1991 through 2020) for the cities included in the
study (based on data from NCEI 2025a).

AVERAGE ANNUAL PRECIPITATION

CITY (inches)
Abilene 25.2
Amarillo 19.7

Austin 36.2

Brownsuville 26.8
Corpus Christi 31.7

Dallas 38.3

Del Rio 19.8
Fort Davis 14.0
El Paso 8.8
Hallettsville 404
Houston 51.8

Laredo 21.4
Lubbock 194

Lufkin 50.3
Midland 15.0

San Angelo 20.9
Texarkana 52.4
Waco 36.4
Wichita Falls 27.9
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CITY

Amarillo

Wichita Falls

Dallas

Texarkana

Fort Davis

El Paso

San Angelo

Midland

Abilene

Waco

Houston

Lufkin

Del Rio

Austin

San Antonio

Brownsville

Laredo

Corpus
Christi

Lubbock

Hallettsville

COVERAGE

(dates of coverage
[years])

3/1/1943-2/25/2023
(80.0)

1/1/1897-2/25/2023
(126.2)

8/1/1939-3/20/2023
(83.6)

2/1/1892-2/24/2023
(131.1)

1/1/1902-2/22/2023
(121.3)

4/1/1938-2/25/2023
(84.8)

8/1/1907-3/16/2023
(115.6)

6/1/1930-2/27/2023
(93.3)

8/1/1946-4/20/2023
(76.7)

1/1/1941-3/2/2023
(82.2)

6/1/1930-3/3/2023
(92.8)

10/1/1906-2/23/2023
(116.4)

8/9/1946-2/23/2023
(76.5)

6/1/1938-2/9/2023
(84.8)

8/14/1946-2/25/2023
(76.5)

12/1/1898-2/24/2023
(124.3)

9/1/1946-2/25/2023
(76.4)

9/1/1946-2/25/2023
(76.4)

8/10/1945-2/25/2023
(77.5)

1/1/1893-2/21/2023
(130.2)

DATA
COVERAGE

95%

94%

100%

95%

87%

100%

97%

100%

98%

100%

96%

96%

87%

100%

100%

80%

77%

98%

98%

98%

FINAL COVERAGE

(dates of coverage
[years])

1/1/1947-2/25/2023
(76.0)

1/1/1900-2/24/2023
(123.2)

8/1/1939-3/20/2023
(83.6)

3/1/1892-2/24/2023
(131.1)

12/1/1911-2/22/2023
(112.3)

4/1/1938-2/25/2023
(84.8)

10/1/1944-3/16/2023
(78.5)

6/1/1930-2/27/2023
(93.3)

1/1/1948-4/20/2023
(75.3)

1/1/1941-3/2/2023
(82.2)

6/1/1930-3/3/2023
(92.8)

11/1/1906-2/23/2023
(116.3)

3/1/1963-2/23/2023
(60.0)

6/1/1938-2/9/2023
(84.8)

8/14/1946-2/25/2023
(76.5)

1/1/1948-2/24/2023
(75.2)

4/20/1965-2/25/2023
(58.8)

1/1/1948-2/25/2023
(75.2)

1/1/1947-2/25/2023
(76.2)

1/1/1893-2/21/2023
(130.2)

20 \\ THE MEADOWS CENTER FOR WATER AND THE ENVIRONMENT

Table 2. Range and coverage of available precipitation data for the different cities in our analysis before and
after truncating time with missing data (data from NOAA 2023).

DATA
COVERAGE

(days missing)

100% (0)

100% (2)

100% (0)

97% (1,836)

90% (4,031)

100% (0)

99% (61)

100% (0)

100% (1)

100% (0)

96% (1,412)

97% (1,458)

100% (1)

100% (0)

100% (0)

100% (0)

99% (278)

100% (0)

100% (0)

99% (510)



Results and Discussion

Our results include firm yields for different storage volumes, firm yields for different
catchment areas, and the defining droughts for the different firm yields.

Firm Yields for Different Storage Volumes

To investigate the storage volumes required to achieve firm supplies for homes in
various parts of the state, we estimated firm yields for different amounts of use for a
catchment area of 3,000 square feet.

Not surprisingly, the wetter, eastern parts of the state required smaller storage
volumes to achieve firm yields as compared to the drier, western parts (Figure 3). For
example, storage of about 30,000 gallons can reliably meet about 160 gallons per
day of use in Houston (Figure 3t) while almost 130,000 gallons are needed in Dallas
(Figure 3q) to reliably meet the same level of use (note that when we use “reliable”
in this context, we mean 100-percent reliability through a repeat of the drought of
record).

The firm yield curves for storage all bend upwards to a certain degree with less upward
bending in higher-rainfall cities than lower rainfall cities (Figure 3). This is due to less
additional catchable rainfall with incrementally larger volumes of storage. At some
point, the system captures all the precipitation that falls on the catchment during the
period of record such that additional storage has no additional benefit. In these cases,
total rainfall volume for the specified catchment area limits the firm yield (you can only
get what you can get). You could collect more rainfall—and support higher use levels—
with additional catchment area.

The drier the climate, the less likely the rainwater harvesting system is going to reliably
support higher volumes of use. A dramatic case of this is EL Paso where the most water
use that can be supported with a 3,000 square-foot roof is about 30 gallons per day
(Figure 3a), enough to support one water-conserving person. In all cases across the
state, the rainwater harvesting systems we investigated could achieve a firm yield,
albeit at lower use levels. If there is rain, there is a firm yield.

It is unlikely that a home would have storage of 140,000 gallons, so we next focused
on storage up to 50,000 gallons for the investigated cities to give a closer look at

the curves relative to each other (Figure 4). Storage for rainwater-fed homes in the

Hill Country is typically 30,000 to 40,000 gallons, so 50,000 gallons did not seem
unreasonable for drier climates. Again, in all cases, firm yields for the entire state can
be attained for all the cities investigated for the specified catchment and with storage
less than 50,000 gallons. Drier climates require lower levels of daily use, but, given
that 25 gallons per person per day is achievable in a water-conserving home, all but EL
Paso, Midland, and Fort Davis meet that standard with a system with 3,000 square feet
of catchment.

In the north and central parts of the state, there is a mixture of high and moderate firm
yields based on storage with a catchment of 3,000 square feet. Due to decreasing
precipitation to the west, the lines began to curve upwards and pull back from the
higher yields (Figure 4). Dallas, Hallettsville, and Waco can support higher firm yields
than Austin, Wichita Falls, and drier cities for storage less than 50,000 gallons (Figure
4).
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It may be surprising to some (as it was to us) that there are many parts of the state
not usually associated with rainwater harvesting that could easily support rainwater
harvesting. For example, Wichita Falls is just as good for rainwater harvesting as the
Austin-San Antonio area, a region already known for rainwater harvesting. Corpus
Christi, Brownsville, and Abilene are also not that different than the Austin-San
Antonio area. Storage and catchment may have to be bigger, but rainwater harvesting
certainly looks doable in Laredo, Del Rio, and Amarillo as well as other drier locales.

The southern and western parts of the state can achieve lower firm yields given the
catchment area (Figure 4). EL Paso, Midland, and Fort Davis produced the lowest firm
yields based on storage size and a catchment of 3,000 square feet (Figure 4). El Paso
achieved the smallest firm yields with the corresponding largest required storage—not
unexpected for the driest city in the state (Figure 4). However, it may be surprising
that a firm yield could be achieved at all in the city, let alone one that could supply one
person or, with a doubling of the system (6,000 square feet of catchment and 60,000
gallons of storage) reliably support two people at 67 gallons of firm yield per day.

The biggest storage for firm yields in Midland was about 70,000 and for Fort Davis

it was about 45,000. Despite being more west than Midland, Fort Davis has higher
rainfall; however, areas with higher elevations can obtain more rainfall throughout the
Big Bend. In the western part of the state, rainwater harvesting can be more difficult
and yields less water but is possible given the proper amount of use, catchment area,
and storage.

The eastern part of the state could more easily support higher firm yields than the rest
of the state due to higher amounts of precipitation (Figures 3 and 4). Houston, Lufkin,
and Texarkana had the highest firm yields compared to all the other cities. Houston
was able to edge-out Lufkin with a storage of about 30,000 gallons versus about
32,000 for a catchment area of 3,000 square feet and daily use of 160 gallons, enough
to support 6.4 people at 25 gallons per person per day.

One unexpected aspect of our analysis is that the drought that defined the firm yield
changed depending on the demand for firm water, catchment area, and storage volume.
Eighteen of the 19 cities had different defining droughts depending on the demand
(Figure 3). In the case of Corpus Christi with a fixed 3,000 square-foot catchment and
floating storage, a drought that ended in 1964 was the defining event for a firm yield
of 90 gallons per day, 1971 was the defining event for 30 gallons per day, 2009 for

40 gallons per day, and 2010 for 60 gallons per day (Figure 5). This means that the
drought of record for a rainwater harvesting system is as much a function of the system
(catchment, storage, and use) as the rainfall. This also means that the local drought-of-
record, generally defined as the drought-of-record for local surface-water resources, is
not likely to be the same drought-of-record for a rainwater harvesting system.
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Figure 3. Storage required to achieve a range of firm yields for a catchment of 3,000 square feet for a variety
of Texas cities. | organized these graphs from least amenable to rainwater harvesting to most amenable. Note
that each graph is on the same horizontal and vertical scale to allow direct comparison between plots. Also
note that the plots end at the maximum achievable firm yield (for the use levels investigated). Numbers next
to data points represent the decade in which the defining drought ended.
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Figure 4. Storage required to achieve a range of firm yields for a catchment of 3,000 square feet for
a variety of Texas cities with storage capped at 50,000 gallons.
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Figure 5. Storage performance for four demand/firm use scenarios with a set catchment area for

Corpus Christi. Note that each scenario for the same location results in a different drought of record
for the rainwater harvesting system.
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Firm Yields for Different Catchment Areas

To investigate the catchment areas required to achieve firm supplies for different parts
of the state, we estimated firm yields for a standard storage volume of 30,000 gallons.
Not surprisingly, smaller catchment areas are needed in the wetter, eastern parts of the
state than the drier, western parts (Figure 6). For example, a catchment of about 3,000
square feet can reliably meet about 160 gallons per day of use in Houston (Figures 6t
and 7) while almost 7,400 square feet of catchment is needed in Dallas (Figures 6n
and 7) and about 33,600 square feet is needed in Lubbock (Figure 6e) to reliably meet
the same level of use (note that when we use “reliable” in this context, we continue to
mean 100 percent reliability).

The firm yield curves for catchment all bend upwards to a certain degree with less
upward bending in higher-rainfall cities than lower rainfall cities (Figure 5). This is
because the ability to meet higher firm yields becomes more and more focused on
shorter and more intense drought events until the firm yield (as it gets larger) is focused
on the most intense drought event. Once increasing firm yields are defined by the most
intense, short-term drought event, the increase in catchment becomes linear with the
increase in firm yield (Figure 7). With a fixed catchment, there is a maximum amount of
rainfall you can collect and a maximum firm yield; however, you can increase catchment
to achieve a larger firm yield, at least until the catchment area becomes unaffordable or
unattainable (such as continental-sized roofs!).

Catchment areas to achieve larger firm yields in drier climates with fixed storage

must be larger than in wetter climates, sometimes substantially larger. For Midland

to achieve a firm yield of 100 gallons per day with 30,000 gallons of storage requires

a catchment of about 81,000 square feet while Houston only requires a catchment of
about 1,700 square feet (Figures 5 and 6). While 81,000 square feet of catchment on a
home may be unattainable for most of us, the square-footage of big box retail and large
manufacturing centers would be able to support much larger firm yields. For example,
Wal-Mart supercenters range from 99,000 to 250,000 square feet (ILS-R 2006),

and the Tesla Gigafactory in Austin has a catchment of 4.2 million square feet (CAPE
Analytics 2023).

Giga Texas is expected to use about 734 gallons per car (Fox, 2023) and currently
produces 5,000 vehicles a week (Bleakly, 2023) which equals a daily water demand

of 524,000 gallons per day (it was unclear if this is consumptive use or not). Our

model shows that even with the gigafactory’s massive roof, regardless of the amount
of storage, it is not possible to meet that water demand. However, with 25 million
gallons of storage (municipality-sized storage tanks), Giga Texas could reliably produce
117,000 gallons a day. Because rainwater has low total dissolved solids (and many
manufacturing uses require removing solids from source water), its freshness may
provide additional cost savings.

It is unlikely that a home would have a catchment of 70,000 square feet, so we next
focused on catchments up to 10,000 square feet for the investigated cities (Figure
6). Again, in all cases, firm yields for the entire state can be attained for all the cities
investigated for the specified storage and with catchments less than 10,000 square
feet. Again, drier climates require lower levels of daily use, but, given that 25 gallons
per person per day is achievable in a water-conserving home, all cities could achieve
that firm yield with catchment less than 4,000 square-feet (Figure 6).
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Similar to our analysis on storage, the drought that controlled the firm yield changed
depending on demand for firm water. All 19 cities had different defining droughts
depending on the demand.
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Figure 6. Catchment required to achieve a range of firm yields for storage of 30,000 gallons for a variety of
Texas cities. We organized these graphs from least amenable to rainwater harvesting to most amenable.
Note that each graph is on the same horizontal and vertical scale to allow direct comparison between plots.
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Figure 7. Catchment required to achieve a range of firm yields for storage of 30,000 gallons for a
variety of Texas cities with catchment capped at 10,000 square feet.
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Figure 8. Example of increasing catchment area with increasing firm use for Lubbock.
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A Map of Firm Yield for Rainwater Harvesting

We used RAINWATR to develop a state-wide map of firm yields for rainwater
harvesting for 3,000 square feet of catchment and 30,000 gallons of storage to
demonstrate the potential for rainwater harvesting across the state.
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of reliable rainwater supply
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Figure 9. Statewide map of reliable rainwater harvesting in gallons per day of firm yield. This is for a
system with 3,000 square feet of catchment and 30,000 gallons of storage—more could be captured
with larger catchments and storage volumes. The sudden change in contour-interval spacing in East
Texas is due to the storage limiting the catch of higher rainfall amounts.

Reliability

Many rainwater harvesting installers in Central Texas design systems with the
expectation that the owner will need to haul water when the tank runs dry. While it
is good to have contingency plans for a failed tank (a worse-than-expected drought,
a broken pipe, or a drunk brother-in-law backing into the tank), it is also good to
present the homeowner with the option of what a drought-proof system looks like.
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Furthermore, when balancing the cost of increased storage with the cost of hauling
water, an accurate assessment of reliability is needed.

System owners and operators should also be made aware of how often they might
need to haul water. RAINFAL provides the number of days the system is not sufficient
to meet demands, and the plot allows the user to see how many events might occur
over the record. For example, for a 3,000 square-foot roof and a yield of 100 gallons
a day, a system in Austin needs 36,500 gallons of storage to be 100 percent reliable
(based on past rainfall). For 99.9 percent reliability, the storage requirement drops to
31,800 gallons but with 32 days with no water in one event (Figure 10b). For 99.5
percent reliability, the storage requirement drops to 21,000 gallons but with 154
days with no water in two events (Figure 10d). For 98 percent reliability, the storage
requirement drops to 12,000 gallons but with 619 days with no water in at least one
event every decade (Figure 10d). In this way, an owner can decide if the extra cost
for 100 percent reliability is worth it and, if not, what level of hauling water are they
comfortable with.

Robustness for the Future

Drought of record and firm yields are inherently backward-looking. Looking

forward, there is always a chance of a new drought of record, and several have been
experienced around the state for surface-water reservoirs such as Lake Meredith north
of Amarillo and the Highland Lakes upstream of Austin. Some water providers and
regional water planning groups use safe yield instead of firm yield to build in additional
resilience if they experience a new drought of record.

Global warming is also expected to affect the climate and hence the weather. Unlike
river basins, where increased temperatures can increase evapotranspiration, rooftops
do not evapotranspire (unless they are green rooftops). Furthermore, due to closed
storage, rainwater harvesting systems are not subject to increased evaporation. Climate
projections do not agree on whether Texas, or parts of Texas, will experience drier

or wetter conditions, although long-term trends show a wetting trend in the eastern
part of the state and a drying trend in the west (McPherson and others 2023). General
projections suggest more rainfall in fewer rainfall events (McPherson and others 2023).

Preliminary analysis using RAINFAL suggests, not surprisingly, more storage or
catchment is needed for lower amounts of precipitation but also that more storage
or catchment is needed if annual precipitation amounts stay the same but individual
events become more intense (Mace and Briones 2023).

With rainwater harvesting, more—more storage and more catchment—is almost
always better (except for use, which is always better when lower). So when designing
a system, which under ideal conditions would include designing the catchment,
rounding up on tank size is advisable. Using the “Precip adjustor” option in RAINFAL
allows a user to proportionally adjust the precipitation up or down according to
preference. Based on a review of climate projections, we suggest decreasing rainfall by
15 percent to build additional robustness in your rainwater harvesting system.

Is Rainwater Harvesting Conservation or Supply?

In an urban setting, rainwater harvesting often exists in a purgatory between water
conservation and water supply. The Texas Water Development Board describes water
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10. Reliability for a rainwater system in Austin.

Location: Austin

Firm Yield: 100 gallons per day
Catchment: 3,000 square feet
Maximum Storage: 36,500 gallons
Reliability: 100%

Number of Dry Days: O

Maximum Storage: 31,800 gallons
Reliability: 99.9%
Number of Dry Days: 32

Maximum Storage: 27,600 gallons
Reliability: 99.75%
Number of Dry Days: 76

Maximum Storage: 21,000 gallons
Reliability: 99.5%
Number of Dry Days: 154

Maximum Storage: 16,250 gallons
Reliability: 99.0%
Number of Dry Days: 308

Maximum Storage: 11,975 gallons
Reliability: 98.0%
Number of Dry Days: 619

Maximum Storage: 10,055 gallons
Reliability: 97.0%
Number of Dry Days: 929

Maximum Storage: 8,800 gallons
Reliability: 96.0%
Number of Dry Days: 1,237

Maximum Storage: 7,850 gallons
Reliability: 95.0%
Number of Dry Days: 1,547
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conservation as “...practices, techniques, programs, and technologies that will protect
water resources; reduce water consumption, loss, or waste; or improve the efficiency
of water use” (TWDB 2012 p 119). Rainwater harvesting acts as a water conservation
strategy in reducing the consumption of, and thereby conserving, conventional supplies
such as rivers and aquifers.

But rainwater is clearly a supply unique from surface water or groundwater. For those
who rely on rainwater harvesting to meet all of their needs, rainwater is unquestionably
a supply rather than a water conservation strategy. In some areas of the Texas Hill
Country where the Trinity Aquifer does not yield adequate fresh water, rainwater is the
only supply of water.

The Board further states that water conservation is “a water management strategy that
can make a water supply available for future or alternative uses, without restricting
desired economic or other activities” (TWDB 2012 p 119). This infers that the benefits
of water conservation are permanent and consistent such that those benefits can be
assigned elsewhere. For example, if someone conserves water through the installation
of water-efficient fixtures, that conserved water is now available to meet growing
demands?.

However, if a rainwater harvesting system is not designed to provide a firm supply
during droughts, then any water savings are not assignable to other users. This
suggests that rainwater harvesting is not a water conservation strategy. Furthermore,
if a rainwater harvesting system does not provide a firm yield, then it is not a water
supply either (or, if it is, then it is a water supply with a firm yield of zero). If a rainwater
harvesting system is not firm, then it fails at the worst possible time: when conventional
sources are in severe drought and water providers, managers, and regulators are trying
to reduce use. In this case, water use dependent on a non-firm rainwater harvesting
system transfers to the conventional supply. For rainwater harvesting to scale up, it
needs to be designed to be firm to increase the resilience of the overall water-supply
portfolio.

Rainwater Harvesting and Groundwater Management
Plans

The Texas Water Code requires groundwater conservation districts to address
rainwater harvesting where appropriate and cost-effective. Most of the 98 districts (77
percent) educate and promote rainwater harvesting, but the rest (23 percent) believe
that rainwater harvesting is not appropriate or cost-effective. One district states that
“With average annual precipitation in the District about 39 inches, a goal of rainwater
harvesting is not applicable at this time,” while others with semiarid climates note
inapplicability due to a lack of rain. Another claims too much rainfall.

As our study shows, rainwater harvesting can be done reliably anywhere in the state,
including El Paso. We would argue that there is no such thing as too much average
annual rainfall: conserving source water is conserving source water. Furthermore, it
does not take much groundwater production to unsustainably produce an aquifer (Mace

3 There is also some debate on “conservation” versus “efficiency” where conservation results in water retained
in the environment whereas increased efficiency allows an existing resource to meet more demands. In this
case, what the Texas Water Development Board defines as conservation is really efficiency.
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2021, 2022), so conserving groundwater by using rainwater has benefits in even the
wettest parts of the state.

Rainwater Harvesting and Regional Water Planning

Regional and state water planning in Texas is premised on providing water through a
repeat of the drought of record. In other words, how much water can a water supply
reliably provide during a repeat of the drought of record? For surface-water resources
in Texas, this is referred to as the firm yield. If a water supply is designed such that it
cannot provide water through a drought of record, then its firm yield is zero. Therefore,
by definition, rainwater harvesting systems that are not designed to provide supplies
through the worst drought appropriately have firm yields of zero.

We quoted the 2012 State Water Plan in our introduction as stating, “While it is often
a component of municipal water conservation programs, rainwater harvesting was not
recommended as a water management strategy to meet needs since, like brush control,
the volume of water may not be available during drought conditions” (TWDB 2012).
However, since that plan, state water plans have included rainwater harvesting (TWDB
2017, TWDB 2022). The 2017 State Water Plan had about 17,000 acre-feet per year
for rainwater harvesting in 2070 (TWDB 2017 p 97), and the 2022 State Water Plan
had about 5,000 acre-feet per year (TWDB 2022 p 109) (Table 3). However, our review
of these strategies suggests that they are not drought-proof supplies.

The initially prepared plans for the upcoming 2027 State Water Plan include some
ambitious plans for rainwater harvesting, with consideration of reliability. The South
Central Texas Regional Water Planning Group includes 470,127 potable household
rainwater harvesting systems and 6,789 non-potable household systems (SCTWWPG
2025 p 5.2.11-3-5.2.11-4).

Table 3. Water management strategies in the 2017 and 2022 state water plans concerning
rainwater harvesting and the expected 2070 yields.

ENTITY WATER MANAGEMENT STRATEGIES

2017 STATE WATER PLAN

City of Austin 19.7
City of Bandera 36.2
La Feria 26.8
City of Austin 4,900 acre-feet per year
City of Bandera 1 acre-foot per year
Dripping Springs Water Supply Corporation 81 acre-feet per year
Hays 7 acre-feet per year
Hays County-other 50 acre-feet per year
Sunset Valley 4 acre-feet per year
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The Value of Firm Rainwater Harvesting to Conventional
Supplies

The value of reliable rainwater harvesting is that the systems will not require make-up
water during severe droughts, including a repeat of the drought of record. This means
that these rainwater harvesting systems will not be seeking water from alternative
supplies at the worst possible time—during a severe drought. For example, the Texas
Hill Country has been in a severe drought since 2020. With unreliable rainwater
harvesting systems failing, the owners of those systems have had to purchase water
from other sources and haul that water to their homes to refill their tanks. One of
those other sources is the Dripping Springs Water Supply Corporation. However, the
drought has affected the Corporation as well resulting in a 40 percent reduction of the
authorized use of the aquifer by the local regulatory authority. In response to their own
water supply limitation, the Corporation proposed eliminating all bulk water sales to
preserve water for their non-bulk customers, including bulk sales for failed rainwater
harvesting systems (Anderson 2025). If these rainwater harvesting systems had been
designed for a repeat of the drought of record, they would not be taxing an already
taxed alternative supply.

The Dripping Springs example concerns a water provider supplying water to outside
customers and having the ability to refuse to provide that water. However, if those
customers are internal, it is not as easy to deny them service. For example, as
previously described, one of us (Mace) has a rainwater harvesting system in Austin with
the goal of not using city water outdoors. If that system fails, then that outdoor use will
be met with city water instead of rainwater at the worst possible time, amidst a severe
drought.

Is There Value in Unreliable Rainwater Harvesting?

Depending on the character of an associated conventional supply, there may be value
in unreliable rainwater harvesting. For example, if the conventional supply is an aquifer
that is being depleted (pumped at a rate greater than the maximum sustainable yield),
then any water not pumped from the aquifer helps to extend the life of that aquifer.

In that case, groundwater is being conserved. One gallon of rainwater used instead

of groundwater results in saving one gallon of groundwater (minus a proportionate
amount of natural discharge, if occurring).

For a surface-water resource or a sustainably managed aquifer such as the Edwards
Aquifer, firm or unfirm rainwater harvesting acting alone does not increase the firm or
sustainable yield of those water resources just as the management of those resources
has no effect on the firm yield of rainwater harvesting. These resources act independent
of each other (see the next section on whether or not rainwater harvesting steals water
from surface-water or groundwater systems). However, rainwater harvesting could
theoretically be conjunctively coordinated with sustainably-managed conventional
resources.

Conjunctive use is the management of surface- and ground-water resources in a
coordinated way such that the total yield exceeds the sum of the separate yields
without coordination (Coe 1990). For example, El Paso and the Canadian River Water
Authority each coordinate the use of surface-water resources (Elephant Butte Reservoir
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for El Paso and Lake Meredith for the Authority) with unsustainable groundwater
resources (the Hueco Mesilla Bolson Aquifer for EL Paso and the Ogallala Aquifer

for the Authority). They achieve this by prioritizing the use of surface water over
groundwater when surface water is plentiful and then using groundwater when surface
water is not plentiful (the Authority also uses groundwater to address salinity issues

in Lake Meredith). In this way, they are extending the usable life of their groundwater
resources. This is analogous to using rainwater harvesting to extend the usable life of a
depleting aquifer described in the first paragraph of this section.

Unfirm rainwater harvesting could theoretically increase the firm yield of sustainable
conventional supplies by leaving more water in the lake or the aquifer thus delaying
the time by which the resource has gone dry, either literally (in the case of lakes) or
regulatorily (in the [general] case of aquifers). Note that storage of the conventional
supply is required here—there would be no local water-supply benefit for run-of-river
uses (but there would be downstream benefits).

Is Rainwater Harvesting Stealing Surface Water and
Groundwater?

Not uncommonly, the question arises as to whether or not rainwater harvesting
adversely affects surface water and groundwater. After all, both conventional water
sources rely on rainwater for their replenishment. Are we robbing Peter to pay Paul?

Total roof area in Texas is estimated at 22.5 billion square feet circa 2006 (TRHEC
2006). Applying a proportional adjustment accounting for increased population
(population in 2023 was 29.1 million [TDC 2024], population in 2006 was 23.4 million
[TSLAC 2011]) results in an adjusted total roof area of 30.1 billion square feet in 2024.

Average annual rainfall in Texas is 27.2 inches (NCEI 2025b 1895 through 2024).
However, about two-thirds of Texans live in the eastern half of the state, so instead
of an average statewide precipitation number, we used the average of the average
precipitation of the East Texas (46.2 inches) and North-Central (33.2 inches) climate
divisions (resulting in 39.7 inches per year; NCEI 2025b 1895 through 2024).

So, if every roof in Texas captured every drop of rainfall in an average year, it would
amount to 100 billion cubic feet of water, equivalent to 745 billion gallons or 2.3
million acre-feet. However, because of evapotranspiration, this is not a volume that
directly affects runoff or recharge.

Ward (2011) estimated statewide evapotranspiration as consuming 86 percent of
precipitation (which is why, in large part, runoff coefficients for natural basins are so
low). Evapotranspiration consumes 86 percent of precipitation in the Central part of
the state and 63 percent in the eastern part of the state (Ward 2011). Because of
how Ward (2011) defines his regions, his central part of the state captures nearly all
of the eastern urban areas of the state, so we will use 86 percent for consumption of
precipitation by evapotranspiration. That means that the impact of statewide rainwater
harvesting on natural runoff and recharge processes is only 14 percent of what is
captured, resulting in 322,000 acre-feet per year. Of that 322,000 acre-feet per year,
about 9 percent (30,000 acre-feet per year) would have partitioned to recharge with
the remainder (292,000 acre-feet) going to runoff.
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Rainbow after a storm in Mansfield: Texas © Rod Glardner

Average statewide runoff is about 47.7 million acre-feet per year (Ward 2011), so
universal rainwater harvesting would decrease statewide runoff by 0.6 percent. While
we do not consider that a lot of impact, some might disagree. However, note that the
built environment tends to increase runoff by as much as 16 times natural conditions
(Schueler 1995) and that impervious cover from rooftops is generally less than
impervious cover from transport systems (Schueler 1995). In other words, the overall
built environment increases runoff far more than what rooftops can capture.

Average statewide recharge is about 5.5 million acre-feet per year (Ward 2011), so
universal rainwater harvesting would decrease statewide recharge by 0.5 percent.
However, even with all the impervious cover, the built environment commonly has
higher recharge rates than the natural environment due to landscape irrigation, leaking
water (and wastewater) distribution systems, and urban karst (inadvertent preferential
flowpaths created through infrastructure construction) (Sharp and others 2003).

In short (and on balance), no: rainwater harvesting is not stealing surface water and
groundwater. You can collect and use rainwater guilt-free!
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Conclusions

This study demonstrates that rainwater harvesting, when properly designed, can
provide a reliable, drought-resilient water supply across the diverse climatic regions
of Texas. By applying a rigorous, firm-yield-based methodology analogous to the
approach used for surface-water reservoirs, we quantified the potential of rainwater
harvesting as a supply—not merely a conservation measure—under a repeat of the
drought of record.

Using long-term daily precipitation records and our RAINFAL (Rainwater Assessment
and Interactive eNumator for Firm-yield Analysis Limits) tool, we calculated firm yields
for household-scale systems at 19 locations across the state. We show that, even in
the driest parts of Texas, systems can be designed to provide 100 percent reliability,
although the required storage and catchment areas vary widely by location and water
use expectations. In the most arid environments, firm yields are modest, but they
remain achievable with appropriately scaled infrastructure.

Our findings challenge assumptions that rainwater harvesting is unsuitable due to
climatic variability or perceived unreliability. On the contrary, our results indicate that
firm-yield systems are feasible statewide and that reliable rainwater harvesting is not
only possible but scalable, even in regions with limited precipitation. Furthermore, we
show that the defining drought of record varies with system configuration, illustrating
the importance of site- and system-specific analysis.

From a planning perspective, the incorporation of firm-yield rainwater systems into
regional and state water planning would enhance water supply diversification and
reduce stress on conventional supplies during drought. As state water plans move
toward more holistic and resilient supply portfolios, our methodology provides a means
to rigorously evaluate and include rainwater harvesting strategies.

In short, rainwater harvesting is not merely a stopgap or supplementary option—it can
be a dependable, modeled, and quantifiable water supply. With appropriate design
tools and planning frameworks, the rain that falls on our rooftops can reliably meet a
meaningful portion of the state’s water needs, one firm gallon at a time.
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