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Overview 
Why study water use in Phoenix?

How has Phoenix conducted water use studies in the 
past?

Why code aerial imagery?

What are the preliminary results of aerial imagery coding?

Why use data loggers?

What are the initial results of data logging?

What is the next phase of research?



Why study water use in Phoenix?
Water resource planning
New sources and/or
Increased water efficiency initiatives

Water and wastewater infrastructure design 
specifications/guidelines (developer and city)

Water and wastewater infrastructure requirements (area 
and city-wide master plan)

Financial planning (revenues partially based on volume)

Impact fee calculations



Water Production and Wastewater 
Generation



Reasons for Water Use  Decline 

Gradual transition to more 
efficient plumbing fixtures 
and appliances

Gradual conversion to less 
water intensive landscapes 



Phoenix Trend for Residential 
Devices



Toilet Efficiency



Clothes Washer Efficiency



Homes with Pools
0 - No Pool
1 - Pool
2 – Empty Pool
3 –Filled In
4- Small Pool/Water Feature
5 – Above Ground Pool



Water Use Decline is Largely 
Independent of Human Behavior

Studies conducted by Aquacraft Water Engineering and Management 



How has Phoenix conducted  water 
use studies in the past?

Analysis of single family monthly meter data back to 
1986

Data-logging as part of national studies
Aquacraft studies in 1996 and 2009
Focus on identifying & quantifying all uses in 100 homes

Extensive commercial, industrial, and institutional (CII) 
studies and audits in ‘90s

Site level single-family (SF) and multi-family (MF) 
research 2007-09

Participation in national studies



Aerial Imagery

Phoenix Traditional Landscape Model Phoenix Newer Landscape Model



An Example of Landscape Changes

2010 2014

Parcel has turf Turf is replaced with 
rocks and shrubs

 Landscapes 
are changing 
over time:

 Overall 
landscapes 
are becoming 
dryer

 Primary turf 
parcels are 
shifting to 
partially 
desert or 
mostly desert 
landscapes



Single Family Homes with Turf



Why code aerial imagery?

The transition to desert landscaping was pervasive but 
unquantified

Need the rate of transition for modeling purposes

Coding of aerial landscapes is the most efficient means to 
date of understanding single family water use

Coding aerial imagery is time-consuming but it provides a 
wealth of data



What are the preliminary results of 
aerial imagery coding?

Demonstrated that landscapes are far more diverse than 
previously assumed

Verified correlation between single family water use and 
landscape/pool codes

In 1990s, most single family homes were ‘turf’ or 
‘extensive’ but now they are less than 15%

Largest landscape categories now are mostly desert or 
partially desert

A coding system had to be developed to reflect huge 
diversity (different codes) 



GIS Attribute Table : Used for Aerial 
Coding



Landscape Classification
Primary Turf Extensive Vegetation

 More than 35% of the 
total property is covered 
by turf.

 The most water intensive 
landscape

 Majority of the front, sides, 
and backyard are covered 
with various types of 
vegetation

 Second most water intensive 
landscape



Landscape Classification
Partially Desert Mostly Desert

 Overall lot is a mixture of desert 
landscape which include numerous 
trees, shrubs, plants, and possible 
some turf

 Third most water intensive landscape

 Overall parcel has a mixture of desert 
landscape which includes some trees, 
plants, shrubs, etc.

 No turf present
 Fourth most water intensive 

landscape



Landscape Classification
Entirely Desert

 Overall parcel is dominated by gravel, 
pavement, dirt, and/rocks

 Irrigation free vegetation like cactus 
may be present

 Least most water intensive landscape



Phoenix Single Family Total Water 
Use by Landscape Category



Single-Family Units by Landscape 
Category



Data Loggers



Why use data loggers?
More efficient internal devices have been introduced since 1980s 

(tremendous diversity)

Data loggers identify the types of appliances and fixtures present in 
single family homes without entering the resident’s house

Assist with the identification of  the rate of transition for modeling 
purposes

Data-loggers can (generally) identify signatures of different device 
types in single-family homes

Data logging can be time-consuming and the sample size is often 
small

It is still one of the most cost effective way to produce estimates



What are the initial results of data 
logging?

Transition identified by previously national data logging 
studies 

Toilets are being replaced by more efficient ones. 
Reconstruction of homes is a driving factor and not age of 
the fixture

Analysis of data in different age cohorts indicates that 
single family toilets replaced during upgrades

Clothes washers appear to be replaced frequently

Remaining older toilets and clothes washers indicate major 
efficiency opportunities



Data Logger Study

Data logged 200 random parcels 
Set up data loggers on water 

meters for approximately 14 days

Equipment malfunction for 6 
parcels – no data received

Information Received:
194 parcels with toilet data
163 parcels with clothes washer 

data
167 parcels with shower data

Other data was not present or 
could not be identified 



Aquacraft Trace Wizard 



An Example of a Fixture Summary 
by Volume

Toilet
46%

Leak 
3.9%

Faucet 
19.2 %

Dishwasher 2.2%

Shower 
16.7%

Clothes 
Washer 
11.8%



An Example of a Distribution Report



Single- Family Resident Toilet 
Fixtures per Age Cohorts

Probably toilet 
malfunction of a 1.6



Single- Family Resident 
Clothes Washer per Age 

Cohorts



Aerial Imagery and Data Logger



An Example of a Data Logged Parcel 
with Turf



An Example of a Data Logged Parcel 
with Turf

A snap-shot of Aquacraft Trace Wizard signature for irrigation

In Gallons



Conclusion

Why is water use declining?

What have we learned about aerial 
imagery?

How have data loggers benefitted us?



What is the next phase of research?

Ongoing single family data-
logging

Use of automated aerial imagery 
(ecognition)

Ongoing commercial, industrial, 
and institutional studies (visits, 
specific sector review)

Ongoing multi-family studies 
(new data sets to overcome 
challenges)

Intensive study of specific areas 
(aerial coding, data-logging, 
audits, sewer metering, etc.)

Multi-city single family study

Eventually smart meter analysis

Ecognition Screenshot



Questions
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