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Over the next 20 years, the EPA estimates 
that Arizona’s water delivery infrastructure 
will require an added investment of over

$7.44 billion



In 2016, Tucson residential water demand was over 
       thousand acre-feet.87

Approximately a third is imported or 
       thousand acre-feet.29



In 2016, Tucson was supplied with over 
       thousand acre-feet of rainfall.125



In 2016, Tucson was supplied with over 
       thousand acre-feet of rainfall.125

144% of Tucson’s annual water demand.



In 2016, Tucson was supplied with over 
       thousand acre-feet of rainfall.125

144% of Tucson’s annual water demand.

430% of Tucson’s annual imported water.



SUPPLY vs DEMAND: ANNUAL SUPPLY vs DEMAND: JUNE

CONTEXT LIMITATION
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INFRASTRUCTURE  LIMITATION: system components

Courtney Crosson



INFRASTRUCTURE  LIMITATION: system components
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Given these limitations, 
does Tucson have the capacity to achieve 

WATER INDEPENDENCE 
through its rainwater resources?



WATER INDEPENDENCE MODEL :
optimized storage volume for townships 
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OPTIMIZED VARIABLE

FIXED PARAMETER



METHOD: data collected



SUPPLY METHOD: rainwater harvesting potential 

Pima County Regional Flood Control District
Monthly Brown Bag Series

Estimating the Volume of Stormwater 
Available for Harvesting in Urban Pima County 

 
Evan Canfield – Pima County Regional Flood Control District 

 
Wednesday, January 10, 2018: 12:00 -1:00 

201 North Stone Ave, 9th Floor 

 
 

Tucson has been in the midst of an extended drought, with 2017 being the hottest year ever recorded. 
The previous three years, 2014, 2015 and 2016, were the next hottest years on record.  As a community, 
we have begun to study more seriously the use of rainfall and stormwater to supplement water 
supplies.  Stormwater Harvesting and Management as a Supplemental Resource (2009), written by Pima 
County and the City of Tucson staff, supplemented observed rainfall and runoff data with a model that 
estimated runoff using daily rainfall data from 1895 to 2000.  This evaluation suggested that about 
30,000 to 40,000 acre-feet of water could be harvested from impervious surfaces in the City of Tucson in 
an average year.  However, rainfall totals since 2000 have been on the decline. 

This presentation will explain the data and modeling used to estimate stormwater volume from 
impervious surfaces in Tucson, and the effect that adding the last 17 years of climate data has on 
updating the estimate of harvestable stormwater.  We will also discuss the potential of newly-derived 
land cover datasets to help us more-precisely estimate the extent of impervious surfaces, and the 
amount of stormwater generated from them.  

Increase in 
harvestable 
stormwater 

C. Crosson, D. Tong, Y. Zhang, Q. Zhong

RESEARCH TOOLS AND EXISTING MAPS By Dr Daoqin Tong’s Team

Figure 2. Slope analysis of DSM for part of area township: 
14S, range: 14E, section: 01 

 

Figure 3. Building roof prints for part of area township: 14S, 
range: 14E, section: 01 

 

Figure 1. Existing Food Deserts in Tucson Mapped with Poverty Rates. 
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Roof Area Analysis

Roof Slope and Material Analysis

Land Cover Analysis
Evan Canfield example

Remote sensing and 
GIS techniques:



DEMAND METHOD: water use estimation

Three factors 
were 
considered: 

2) Density Factor
 =mean density of each vegetation area
3)Microclimate Factor
 =Hillshade analysis

1) Species Factor

Calculation:

OUTDOOR WATER USE ESTIMATION



2) Density Factor
 =mean density of each vegetation area
3)Microclimate Factor
 =Hillshade analysis

impervious (non-roof ) roof surface 

storage capacity 

residential

over�ow to 
in�ltration

P A S S I V E    
RAINWATER HARVESTING

A C T I V E    
RAINWATER HARVESTING

Roof Catchment volume (:,day)=C*R*Ro*7.48 

R=Daily Rain Fall (ft)
C=Catchment Area (ft2)
Ro=Runo� coe�cient
DCr= Daily roof Catchment volume (gal)

Irrigation Demand (:,day)=(Eto*PF*PA*0.62 ) / IE 

Eto (:,month)= Evapotranspiration factor for site
PF= Plant factor=Ks*Kmc*Kd 
PA= Area of planting (sf )
IE= Irrigation E�ciency
ID = Daily Irrigation Demand (gal)
Ks=Species Factor
Kmc=Microclimate Factor
Kd=Density Factor

CisternVolume(:,day)=Cistern(:,day-1)+(DCr(:,time))
-(R(:,day))-(max(0,((DI(:,day))-(DCp(:,day))-(DCi(:,time)))))

DailyCisternVolume(:,day)=max(0,min(CV(:,day),CC)

Over�ow(:,day)=DCV-CC
when CV > cistern capacity, over�ow occurs
Municipal(:,day)=max(-CisternVolume,0)
when CV < zero, requires supplemental water from municipal sys

CV= Cistern Volume (gal)
DCV= Daily Cistern volume (gal)
CC=Cistern capacity (gal)
ID=Daily irrigation demand (gal)
M=Municpal requirement [model solves for zero] (gal)

Impervious Catchment (:,Day)=C*R*Ro*7.48  

R=Daily Rain Fall (ft)
C=Impervious Catchment Area (ft2)
Ro=Runo� coe�cient
DCp= Daily impervious Catchment (gal)

(optimized variable)

irrigation

Pervious Catchment (:,day)=C*R*Ro*7.48 

R=Daily Rain Fall (ft)
C=Pervious Catchment Area (ft2)
Ro=Runo� coe�cient
DCp= Daily pervious Catchment (gal)

R = Residential Demand (gal/day)

P=Population of Township (PC)
W=Per Capita Daily Indoor Water Use (GPCD)

pervious surface

METHOD: water independence systems model

Courtney Crosson



OPTIMIZED VARIABLE

FIXED PARAMETERFor every 1,000 square feet of 
roof catchment, 

a minimum storage capacity is 
needed to reach water 
independence in each township.

RESULTS: all residential + irrigation demand

C. Crosson, D. Tong, Y. Zhang, Q. Zhong

Analyzed 10 years (2007-2016) of

Daily rainfall (interpolated from nearest 
weather stations) for 

1 mile x 1mile township squares for 

Average Indoor Residential +
Outdoor Irrigation water demand.



OPTIMIZED VARIABLE

FIXED PARAMETERFor every 1,000 square feet of 
roof catchment, 

a minimum storage capacity is 
needed to reach water 
independence in each township.

RESULTS: all imported water demand

C. Crosson, D. Tong, Y. Zhang, Q. Zhong

Analyzed 10 years (2007-2016) of

Daily rainfall (interpolated from nearest 
weather stations) for 

1 mile x 1mile township squares for 

Average Indoor Residential +
Outdoor Irrigation water demand with

RWH rebate adopters since 2012.



AVERAGE POOL
10,000-15,000 gallons

AVERAGE HOT TUB
500-1,000 gallons

RESULTS: storage sizing

C. Crosson, D. Tong, Y. Zhang, Q. Zhong



REBATE PROGRAM ANALYSIS
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