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Presentation Notes
Talked to them 2 years ago in Tucson and 4 years ago up here; time for another update



Broad questions:
• Does water demand continue to fall across the country, in all sectors?

• Is municipal demand, as measured by GPCD, Gal/Hhold/day, or total 
deliveries still falling?

• What are the recent trends in municipal demand, and especially SFR 
demand, in Arizona?

TAMA questions:
• What is the updated forecast?  Will demand level off, or continue to fall?

• If the forecast is for continued declines, what are the main drivers?

• What are the biggest remaining uncertainties in municipal demand?

• What are options for enhanced conservation if/when a Tier 1 shortage is 
declared on the Colorado River?

• Is there any remaining low-hanging fruit?



USGS report for 2015 released this summer
• Yes, demand continued to fall across the country, in all 

regions

• Energy dropped faster due to wind & solar displacing coal

• Agriculture dropped less due to increased groundwater 
pumping, probably to cope with drought

• Municipal demand, measured by GPCD, fell significantly

Locally:
• Municipal demand has continued to decline since 2014

• Hot, dry weather in 2017 resulted in an uptick in demand



SFR model updates
• Funding, data, and support provided by ADWR, CAP, and 

Tucson Water

• Model scenarios now similar to PhAMA models
• Select from among 3 PAG growth rates
• Select from among 4 CAP growth distributions

• Analyses based on updated time series and  forecasts 
extended out to 2025

• Several use factors received close scrutiny, including:
• Impact of artificial turf on irrigated turf
• Rainwater harvesting systems
• Impact of clothes washer rebates
• Showerheads



Previous turf findings in TAMA
• Turf penetration rates for front yards very low

• Turf penetration rates for winter lawns approaching 
zero

• Turf penetration rates for backyards declining

• Turf much less common in new housing, especially in 
front yards

• Overall impact on potable demand was highly 
significant

Have these trends continued, slowed, or accelerated?



Is artificial turf becoming more common?
Considerable anecdotal evidence for artificial turf becoming 
more common in SFRs includes:
• more companies specializing in artificial turf sales and installation
• big box home improvement stores carrying more types
• an apparent increase in new home installations as part of initial 

backyard landscaping
• installations boosted by dog ownership, based on observed 

marketing approaches
• some developers including artificial turf in model homes and a few 

developers making it standard in new SFR landscapes



Artificial turf impacts potable water 
demand 3 different ways:
1. Replacement of irrigated turf or other irrigated groundcovers 

or plants in the landscapes of existing homes;

2. Displacement of irrigated turf or other irrigated groundcovers
or plants that otherwise would have been planted in the
initial landscapes of recently built homes;

3. Deterrence from planting irrigated turf in the future, even
after a change in household composition (new children, dogs)
or a change in home ownership, because artificial turf offers
many of the same benefits as irrigated turf, along with lower
maintenance costs.



Study steps
Working with the Central Arizona Project, high-resolution remote sensing 
images in visible and near-infrared are used to identify locations in the 
Tucson metropolitan area with patches of artificial turf.

Analysis of Google Earth medium-res images at multiple points over time 
reveals approximate date of installation, areal extent, and what landscaping, 
if any, the artificial turf replaced.

Where artificial turf replaced irrigated turf, billing record data are used to 
estimate previous area of irrigation and impacts on demand.

Assessor data reveal key characteristics of the homes, including age, 
value, ownership status, and whether there was a pool.

A survey solicits homeowners’ motivations to install artificial turf.

The sum of all these analyses is used to draw conclusions about how 
artificial turf is impacting residential outdoor demand.



Remote sensing analysis with CAP

1. CAP purchases remote sensing coverage, 6” pixels, RGB & NI, for 
areas served by municipal providers in 3-county service area

2. CAP runs unguided analysis of land covers, generating 512 classes

3. Large plots of artificial grass at schools and parks are identified and 
used to determine which land cover classes best identify it

4. Tiles composed of 4,096 x 4,096 pixels (2,048 ft x 2,048 ft or 0.15 sq
mi) are processed to identify likely plots of artificial turf

5. Suspect plots (3.3% of total) are checked against Google Earth 
medium res images; about 1% are found to be false positives

6. About 6,170 patches confirmed at Tucson Water SFR customers



Near-infrared



Visible light



Random sample analyzed using Google Earth 
images going back in time
Key findings include:
1,666 patches of artificial turf analyzed (27% of total)

70 false positives, non-SFR locations (about 4%)

1,596 patches of SFR artificial turf analyzed

479 sq ft average size of artificial turf patch

701 patches of artificial turf that replaced irrigated turf (44%)

690 patches of artificial turf replaced other groundcover (43%)

205 new homes that installed artificial turf within 3 years of construction,
as part of initial landscaping (13%)

Half of artificial turf installations at existing SFRs replaced irrigated turf.



Distribution by home value
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Instillations in existing SFRs are growing non-linearly
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Instillation rate in new SFRs is growing non-linearly



Artificial turf in 43 of 124 new high-value SFR backyards (>1/3)



Impact of artificial turf replacing irrigated 
turf on water demand is analyzed

701 of 1,391 (50%) of non-new SFRs replaced irrigated turf with artificial turf

43 had data issues

658 remaining

172 had a change in ownership at about the same time confounding analysis

486 were examined for impact of artificial turf replacing irrigated turf on demand

356 saw a reduction in demand

130 saw an increase in demand (2.74 to 1 ratio)



Econometric analysis of impacts of converting 
irrigated turf to artificial turf

Counts of records used in analysis
Total 658
New customers 172
No irrigated turf measurement 8
Number used in analysis 486
Number with reduced demand 348
Number with increased demand 138

Avg irrigated turf area (sq ft) 590.6

Avg demand reduction (gal/yr) -35,730

A reduction of 35,730 gallons/year for removing 590.6 square feet of irrigated 
turf suggests an irrigation rate of 97 inches per year.

UA Extension estimates irrigation demand of 58.8 inches for high quality turf 
(e.g., golf courses) at 58.8 and 51.1 inches for acceptable quality turf (e.g., 
parks and school yards).

Why does replacing irrigated turf with artificial turf appear to reduce demand 
by so much more?



Why the implausibly large demand impact?
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Why was artificial turf installed?
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How often is it hosed down?
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Policy implications - pros
• Artificial turf is reducing the amount of irrigated turf in both 

new and existing SFRs;
• therefore, it is reducing outdoor water demand;
• in addition, it is reducing peak demand.

Other non-conservation advantages that are cited for 
artificial turf include:
• low maintenance
• zero use of fertilizers, weed killers, and other chemical lawn 

products, some of which find their way into surface waters and 
storm drainage systems

• reduced use of 2-stroke lawn mowers improves air quality



Policy implications - cons
Despite these benefits, artificial turf has not been embraced by water 
conservation professionals.  The City of Glendale specifically disallows 
artificial turf in their turf removal rebate program.  Scottsdale’s 
conservation team allows it, but discourages its use.

These viewpoints reflect a variety of concerns about artificial turf:
• Unshaded artificial turf can get too hot for children and pets in summer, 

particularly if the grass blades or backing are made of nylon;
• It may increase the urban heat island, although no definitive studies have 

been conducted;
• Public health issues have been raised regarding athletic fields made of 

artificial turf, including concerns that some may contain lead, and that 
playing football or soccer on it may increase infections from rug burns;  and

• Artificial turf creates no habitat for desert creatures.



Pool update – more of the same, but also 
unknown impact of solar heaters
All previously discussed pool trends are continuing:
• Installation of new pools is down
• Removal and abandonment of old pools is up
• New SFRs are much less likely to have a pool than 

historically
• Penetration rates are stagnant or falling

Solar pool heaters can potentially impact pool cover 
use and evaporation rates.



Solar pool heaters are a mixed blessing
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Two-thirds of pool 
heaters use natural gas.
Most new pool heaters 
are solar-powered.
Because solar heaters 
are used far more often 
than gas heaters, they 
account for most of the 
pool heating.

Like pool covers, pool 
heaters are most 

likely to be used in 
Spring and Fall to 
extend the swim 

season.



Solar pool heaters increase evaporation

By heating 
the water, 

pool covers 
significantly 

increase 
evaporation 

rates.



Evaporative coolers may be persisting
County assessor data suggest that evaporative or “swamp” coolers are 
all but gone except in older, lower-valued homes.

However, the definition of cooling system is problematic, with homes 
that have dual cooling systems designated as having AC-cooled systems.

Conversion of SFRs from owner-occupied to rentals over last decade 
accelerated the trend in swamp cooler removals.

But survey results suggest that many higher-valued older homes have 
maintained dual cooling systems, with swamp coolers still used, 
probably pre-monsoon.

Changes have been made in the model to reflect this.



Clothes washer rebate program
Tucson Water decided in 2015 to offer a new rebate for HE residential clothes 
washers.  Tucson Water specifies which HE clothes washers qualify for a $200 rebate. 

The rebate program began in August 2015.  About 3,175 rebates were awarded or in 
process as of the end of May 2017.  This corresponds to about 145 rebates per month 
over a 22-month period.  At $200 per rebate, the cumulative outlay had reached 
$635,000.

Question:
What are the measurable
savings in potable water
demand?



Not all rebated HE washers replaced old top-
loading washers



Pooled cross-sectional time series analysis 
confirms water savings



Econometric and engineering estimates of 
savings are in close agreement

Engineering estimate of switching from old top-loader to HE 
front loader is 0.80 Ccf/household/month

Econometric estimate of switching from old top-loader to HE 
front loader is 0.81 Ccf/household/month

Econometric estimates of switching from old front-loader or no 
previous machine are not statistically different from zero



Rainwater harvesting rebates analyzed for 
potable water savings
Tucson Water began offering rebates for RWH systems in 2012.

Rebates were offered for both passive systems (without storage) and 
active systems (with storage cisterns). 

Rebate amounts, how they are calculated, and other program details 
have changed over time; rebates are currently capped at $2,000 for 
active systems and $500 for passive systems.

About 1,700 rebates were awarded as of August 2017.  This 
corresponds to about 25 rebates per month. 

Over 80% of the rebates have been for active systems.

The cumulative outlay has exceeded $2 million.



Pooled time series-cross sectional analysis 
suggests potable water savings



Analysis by month of year



No observed savings for passive system rebates

Analysis of water savings is complicated by tendency of 
homeowners to make multiple changes to their landscaping and 
irrigation systems at about the same time that they install rainwater 
harvesting systems.



Showerhead Market Lurch
Four years ago, big box home improvement stores stocked 
primarily 2.5 gpm shower heads; 2.0 gpm fixtures were hard to 
find.

California, followed by Texas, and then Colorado adopted the 2.0 
gpm standard as drought mitigation measures.

Today, 2.0 gpm shower heads constitute roughly three-quarters 
of the market.



Showerhead Impacts
It appears that major showerhead manufacturers are now 
designing for the 2.0 gpm standard.

We expect 2.5 gpm showerheads to become hard to find, just as 
1.6 gpf toilets are.

“Useful life” of showerheads may be shortened by plethora of 
new models with luxury features.

This suggests that penetration rates of 2.0 gpm showerheads 
will increase significantly over the next few years.



Updated model results



Estimated growth in artificial turf



Updated outdoor demand summary



Clothes washers currently are the main 
driver of indoor demand



Shower heads will affect indoor demand 
more in the future



Indoor Trends, 
Disaggregated

Overall downward trend 
continues, but:
• Impact of toilets is waning
• Clothes washers biggest 

factor
• Shower heads recently have 

become a factor



Rainwater harvesting rebates impact on 
demand is complex and unclear



Analysis and Conclusions
The disappearance of turf in Pima County is being hastened by surging penetration rates 
of artificial turf.

Outdoor SFR demand will continue to decline due to stagnant pool penetration levels 
and declining turf levels.

Indoors, toilets continue to become more efficient, but their impact on SFR indoor 
demand is waning.

Front-loading clothes washers currently are the main driver of indoor demand, and their 
real-world efficiencies closely match engineering estimates

Dishwashers continue to become more water efficient, but the major impacts on 
demand are through higher penetration and usage rates and less pre-washing

Shower head market shares switched abruptly from 2.5gpm to 2.0gpm, largely due to CA, 
TX, CO; this component will cause indoor demand to continue dropping for several years.

New SFRs remain more efficient outdoors than existing SFRs, but the difference indoors 
may be disappearing.



Remaining unknowns & low-hanging fruit
The biggest remaining unknown in SFR demand is leaks on the 
customers’ side of the water meter. 

Persistent leaks can be:
• Inferred from hourly AMR meter readings,
• confirmed by high-frequency meter loggers, and
• reduced by informing residents.

Significant unknowns remain in artificial turf, including:
• Impact of developer and home building model homes on adoption 

of artificial turf
• Impact of new ownership of existing SFRs on installation and 

removal rates
• Whether the growth rate is exponential or leveling off



Low-hanging fruit
Two areas where significant conservation savings might be 
achieved relatively quickly and at low cost are:

An educational campaign for owners of older pools on the 
benefits and options of pool removal;

Development of a low-cost approach for wide-spread detection 
of leaks on the customers’ side of the water meter, including:
• Better utilization of AMR data
• Field testing of low-cost meter loggers 
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