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reliable rainwater
is just a roof away!
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• is rainwater reliable?
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•next steps
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What is your current relationship status 
with rainwater harvesting?

A. rainwater curious
B. collect with barrels
C. collect with a big-ole tank(s) [<5,000 gallons]
D. collect with a big-ole tank(s) [>=5,000 to 20,000 gallons]
E. collect with a big-ole tank(s) [>20,000 gallons]
F. someone told me this presentation would be about cats 
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If you collect rainwater, 
what do you use it for?

A. potable purposes (drinking)
B. non-potable purposes-outdoors
C. non-potable purposes-indoors
D. I don’t collect rainwater
E. why aren’t you talking about cats? 

6



8/14/24

4

outline
•what is rainwater harvesting?
• is rainwater reliable?
•calculating firm yield
•reliable rainwater!
•next steps
•conclusions 

7

8



8/14/24

5

9

10



8/14/24

6

11

12



8/14/24

7

why rainwater?
•may be the only option
• reduce the use of source supplies
•better quality
•may be cheaper than drilling a well
•plants like it better
• self/back-up supply
• can help build climate resilience 
•may be required
• it’s fun!
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“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.”
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Firm Yield
• 2022 State Water Plan definition:
• “Maximum water volume a 

reservoir can provide each year 
under a repeat of the drought of 
record using anticipated 
sedimentation rates and assuming 
that all senior water rights will be 
totally utilized and all applicable 
permit conditions met.”

• Generalized definition:
• Maximum volume of water a 

source can provide each year 
under a repeat of the drought of 
record
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analogous (but different [but the same])
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If back-up is 
required, then the 
firm yield = 0
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volume of water in Robert’s tanks 
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why firm yield?
• “100%” reliable
• avoid tank anxiety
• the cost of a firm system may minimize 

overall “cost”
• increase site, local, and regional resilience
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governing 
equation
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RAINFAL 

(Rainwater Assessment and Interactive eNumerator for Firm-yield Analysis Limits)
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system assumptions
• first flush: 50 gallons (…)
• runoff coefficient: 0.92
• starting storage: 60% (but tested for independence 

from initial conditions)
• 5% dead pool
• no evaporative losses
• snow? what’s snow?

25

analysis assumptions
• typical new home catchment = 3,181 square feet
• assumes a full catch

• typical occupancy of a home in Texas = 2.76 people
• range of use from 10 gallons per person per day to 60
• range assumes no outdoor use
• in reality, firm yield is independent of use
• assumes consistent daily use

• a “reasonable” system has 30,000 gallons of storage
• does not consider economics 
• used available daily precip information

26



8/14/24

14

how low can you go?
• rainwater users are efficient (Capehart and Eden, 2021)

• buddy near Bastrop: 10 gpcd
• high-efficiency homes use ~36.7 gpcd (DeOreo and others 2011)

• California recommends indoor water use standards of 55 gpcd by 2023, 
47 by 2025, and 42 by 2030 (CA-DWR, 2021)

• Californians use 48 gpcd with a quarter of homes using less than 42 
(CA-DWR, 2021)

• Denver Water has goal of 40 gpcd indoors (currently at 50)
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cities analyzed

regional water planning areas
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Austin

Vt = 3,300 gallons
U = 10*2.76 gpd
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Austin

Vt = 3,300 gallons
U = 20*2.76 gpd

7,340 gallon tank 
for firm yield 

at 20*2.76 gpcd
(0 dry days)

60 dry days
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storage = 30,000 gallons

use v. catchment & location
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catchment = 3,181 square-feetuse v. storage & location
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reliable 
rainwater
harvesting

Briones and Mace (in prep)
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different droughts for different spouts!
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different droughts for different spouts!
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different droughts for different spouts!
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!
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If every roof in Texas
captured rainwater…
• That would be ~600,000 acre-feet 

of rainwater
• That’s 0.16% of rainfall
• That’s 0.18% of runoff (accounting for 

evapotranspirative losses)

• But there’s ~13 times as much 
non-roof impervious cover 
as roof area!
• Which means there’s an extra 5.5 million acre-feet of runoff from 

non-roof impervious cover
• Meaning: You can collect rainwater guilt-free!
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next steps
• publish Meadows Center report and RAINFAL sheets
• doing a quick reanalysis now

• publish peer-reviewed journal article
• look at climate change 
• potential future studies:
• build in a seasonal use component
• build in condensate as a conjunctive source
• look at sensitivity to first flush volumes
• assess how rainwater harvesting (reliable or not) can be resiliently built into 

water resources for communities
• PFAS? (per- and polyfluoroalkyl substances)
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conclusions
• It’s ‘easy’ to achieve a firm yield for rainwater harvesting 

in most of Texas
• there’s a larger swath of the state that could employ 

reliable rainwater harvesting than understood
• the drought of record for a rainwater system depends on 

the rainwater system in addition to rainfall
• high reliability (<100%) may mean frequent water hauling
• rainwater harvesting ain’t stealing your surface water!
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Where are you now on rainwater?

A. I’m going to do it!
B. I want to expand my system!
C. I feel better about rainwater!
D. This confirms what I was thinking!
E. I fell asleep!
F. If you don’t show me a picture of your cats, I’m going to eat a bug. 
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questions?
Robert E. Mace, Ph.D., P.G., and Ricardo Briones

The Meadows Center for Water & the Environment
Department of Geography and Environmental Studies

Texas State University
robertmace@txstate.edu

(512)245-6021
@MaceatMeadows
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