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entry drug for rainwater harvesting



“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.”



Conserved water needs to be firm.



If back-up is 
required, then the 
firm yield = 0

a rainwater 
system with no 
firm yield is a 
system designed 
to fail
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Austin

Vt = 3,300 gallons
U = 27.6 gpd

100% reliable



Austin

Vt = 3,300 gallons
U = 55.2 gpd

7,340 gallon tank 
for firm yield

60 dry days

99.8% reliable

daily v. monthly

drought of record



different droughts for different spouts!



different droughts for different spouts!



different droughts for different spouts!



https://bit.ly/RAINFAL

https://nam04.safelinks.protection.outlook.com/?url=https%3A%2F%2Fbit.ly%2FRAINFAL&data=05%7C02%7Crobertmace%40txstate.edu%7C68a001fe231842a80bb508de6fcbcadc%7Cb19c134a14c94d4caf65c420f94c8cbb%7C0%7C0%7C639071118227392470%7CUnknown%7CTWFpbGZsb3d8eyJFbXB0eU1hcGkiOnRydWUsIlYiOiIwLjAuMDAwMCIsIlAiOiJXaW4zMiIsIkFOIjoiTWFpbCIsIldUIjoyfQ%3D%3D%7C4000%7C%7C%7C&sdata=jM%2BrwybLsnxBy%2B3a2SqJS%2BvYdAY97dhWsepchpF8biM%3D&reserved=0


reliable 
rainwater
harvesting

Briones and Mace (2025)



rainwater works!

can we make it work 
in an urban setting?



Urban water needs to be firm.



50,000-gallon
tank

firm yield:
140 gpd

CASE A



30,000-gallon
tank

firm yield:
0 gpd

CASE B
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• existing users depend on surface water
• next 100,000 people depend on rainwater

• rainwater harvesting based on Case A (firm)
•  a drought of record hits
• is there enough water for everyone?

• rainwater harvesting based on Case B (unfirm)
•  a drought of record hits
• is there enough water for everyone?
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al • city with 1 million people

• existing users depend on surface water
• next 100,000 people depend on rainwater

• rainwater harvesting based on Case B (unfirm)
• surface-water users conserve enough to cover 

rainwater users during droughts of record
• what’s the benefit?

• rainwater harvesting based on Case B (unfirm)
• surface-water users convert to rainwater and 

deferred use is used to “save” surface water
• what’s the benefit?



challenge # 1









M. Night Shyamalan

presents

in Space City, no one can hear you screen…



challenge # 2



what uses the most water in your home?

averages for U.S.

AWWARF (1999) via EPA (2025)
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22%

17%

16%
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11,000-gallon
tank

firm yield:
70 gpd



4,000-gallon
tank

firm yield:
35 gpd



challenge # 3



use

outdoor

indoor

outdoor use

indoor use

Texas residential water use

31%

69%

Average 
household 
water use 
in Texas:
~95 gallons 
per person 
per day
(today ~85)

Hermitte and Mace (2012) and WCAC (2024)







5,000-gallon
tank

firm yield:
14.5 gpd







challenge # 4



cost of water per acre-foot
• $    431: Indirect reuse
• $    536: Groundwater wells
• $    540: New major reservoir
• $    556: Municipal conservation
• $    632: Aquifer storage and recovery
• $1,157: Groundwater desalination
• $1,477: Direct potable resue
• $1,798: Seawater desalination

$15,000 to 30,000: Rainwater harvesting (but…) 
2022 State Water Plan, RWH # by me





to conclude…

• rainwater can be firm (download RAINWATR!)
• rainwater as a “real” water supply needs to be firm
• size can be managed with offsetting lower-volume uses
• maybe rainwater shouldn’t provide potable use in urban settings
• tradwatering is hopeless for rainwater; but outdoor source-supply 

use can be eliminated with a combo of xeriscaping and rainwater
• rainwater is expensive, but costs can be transferred to 

homeowners
• appropriately applied rainwater can help urban areas solve their 

water challenges 



questions?
Robert E. Mace, Ph.D., P.G.

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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