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Created to conduct 
research on effective 
irrigation techniques, 
landscape water 
demand analysis, low-
water use landscaping, 
and plant water needs.  

Disseminates 
information to water 
purveyors, the Utah 
green industry, local 
USU Extension offices, 
and the public to 
support public 
education in water-
efficient landscaping. 
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Presentation Overview 

 Policy Dimensions and Context: 
Water management challenges & conservation 
opportunities in Utah 

 CWEL Contributions: 
 Management Tools: WaterMAPS™ 

 Interdisciplinary Research:  

 Landscape Plant Materials 

 Irrigation Technologies 

 Human Water Use Behaviors 

 Public Information: Extension Programs 

 

Presenter
Presentation Notes
Overarching goal is to situate conservation
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Policy Dimensions & Context: 
Water Management  

Challenges & Opportunities 
 

http://pics4.city-data.com/cpicc/cfiles7647.jpg 
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Water Management Strategies 

Conservation 
 

 

           
Optimization 

 
 

  
        Repair 
        Replace 
        Redesign 

R3 Existing 
Infrastructure 
 

 
 

New Supplies 

Sequencing 

Prioritization 

Synergies 

Water and Financial Efficiencies 
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Urban Water Conservation 
Why it Matters 

Rapidly growing percentage of Utah’s total water use 

Location – requires large physical transfers of water from 
outlying rural and natural areas  

 It is less flexible than agricultural water use in times of 
shortage (can’t “fallow a subdivision”) 

Water use expectations and behaviors are being 
established in the urbanization process 

Physical conversion of moving water from ag. to urban 
use has long-term implications for future water demand: 
 water delivery and metering infrastructure 
 urban design and initial investments in landscaping 
 situational constraints on efficiency 

Presenter
Presentation Notes
Opportunities in the transition that you won’t get again or else the cost to retrofit or change will be much higher



“Conservation 
is critical to 

minimize risk 
and build 
financial 

resilience” 

 (thinking 
long term) 

Allows utilities to cut operation 
and maintenance costs  

Helps defer expensive supply 
expansion projects (avoided 
costs) 

Helps reduce total demand, 
shave peak use, provide 
revenue stability  

“…credit rating agencies have 
recognized conservation as a best 
practice in water utility policy… [and] 
necessary to deal with long-term risks 
associated with supply shortages and 
high costs of capital” 

 

Source: C.E. Boyle, January 2014 



UTAH 



+ Conservation Assessment 

 Water use reductions 

 Awareness raised & 
people responsive to 
drought 

 Voluntary conservation 
programs implemented 

 Uniform building code 
has had big effect indoors  

 “Low-hanging fruit” 

      

Outdoor water use efficiency 

More widespread and durable 
reductions through changes in 
habits and norms  

Greater use of markets and 
mandates (e.g. rates, codes) 

 Finding outdoor equivalent of 
the building code 

Needs greater investment 

Conservation successes “Untapped ” potential 

Presenter
Presentation Notes
Water use more flexible than previously thought
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Supply-side 
management 
& investments 

Demand-side 
management 
& investments 

Presenter
Presentation Notes
http://earthobservatory.nasa.gov/IOTD/view.php?id=2175http://static.wixstatic.com/media/f35ca9_dc97264f5276dc07d22d734a46d3a5d4.jpg
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CWEL Contributions to Water 
Demand Management and Science 
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Management Tools:  WaterMAPS™ 

Software 
application 

to  
analyze and 

manage 
urban 

landscape 
water use 

 
 



WaterMAPS™ 

Basic Approach: defining appropriateness of urban 
landscape irrigation relative to plant water needs 
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Landscape Irrigation Ratio (LIR) 

Basic Approach:  
Identifying Capacity to Conserve 

Landscape Water Use estimated 
[gallons extracted from municipal or 
water provider meter/billing data]         
______________________________ 
 Landscape Water Need estimated 
 
[calculated from landscaped area 
(derived from classification of 
airborne remotely-sensed 
multispectral imagery) and local 
evapotranspiration (ETo) modified by 
relevant landscape correction factors 
for turf vs. trees and shrubs] 
 

LIR =  

 (per unit of landscaped area) 

LIR less than 1      =  Efficient 
Between 1 and 2  =  Acceptable 
Between 2 and 3  =  Inefficient 
Greater than 3      =  Excessive  

WaterMAPS™ 



Time Period: 
 4/1 -10/31, 2013 

 
Locations 

analyzed: 
    1369 
 
Mean LIR: 
    2.01 
 

Quantifies 
Conservation 

Potential 

Seasonal LIR 
 Calculations 



Weber 
Basin 

Project 

If you don’t 
meter water, you 
can’t manage it. 

Issue in many  
ag-to-urban  

transition areas 

Example: 
Weber Basin 

Water 
Conservancy 

District 

WBWCD meter installation project 
for pressurized secondary 

irrigation systems  



WBWCD METER 

TRANSITION:  

 Approximately  
16,500 direct 
retail connections 

 Approximately     
50,000-60,000 
total secondary 
connections in the 
district’s  service 
area 

Badger,  E- Series 

 Sensus  Ipearl 

Evo  Q4 

Meters Used 

Elster,  Smart 
meter 

Meter Valve Assembly 



+ Analysis using hourly data 

 People generally do not water during the middle of the day 
 People who overwater do so at night 
 Caution about only using “visual cues” to enforce waste restrictions  
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Analysis of seasonal patterns 

 Can be used to better design water policies 
and deliver conservation programming 

Monthly LIR at 
this location 

May 1.41 

June 1.48 

July 2.81 

Aug 2.13 

Sept 1.84 

Oct 1.93 



footnotes 

footnotes 

Made possible by investments in new sources of data 



Increasing irrigation system efficiency 
 increases conservation potential 

Presenter
Presentation Notes
Assumed 50% system efficiency (DU) – average in 2013Water use tracks weather but above landscape needPeople misinterpret poor DU for plant water need 
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Interdisciplinary Research 
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Turfgrass Research 

 Salt tolerant and drought tolerant lines of Kentucky 
bluegrass were crossed and progeny planted in small 
turf plots this fall. 

Currently evaluating collections of Poa, Festuca, 
Agrostis, and Puccinellia from Kyrgyzstan, Mongolia, 
and Russia for drought tolerance characteristics.  
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Dormant Kentucky Bluegrass 

Presenter
Presentation Notes
Kentucky bluegrass plots in a drought tolerance evaluation.
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Recovering Perennial Ryegrass 

Presenter
Presentation Notes
Perennial ryegrass recovering from drought induced dormancy.
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Collecting Seed in Russia 
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Turfgrass Research Summary 

Perennial ryegrass tolerates extended 
drought, but needs periodic irrigation to 
survive.  

Kentucky bluegrass tolerates extended 
dormancy without irrigation. Some 
difference in rate of dry-down and recovery, 
but most recover completely. 

Tall fescue retains some green cover 
throughout most of summer in deep soil.  
May not survive if root system is restricted. 
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Locating exceptional plants and determining how to 
propagate them. 

Bigtooth maple (found by Chad Reid, Parowan Canyon). 

Ornamental Horticulture Research 



May 16 

July 11 July 11 

Bigtooth Maple 
Propagation by 
Layering 
 
• Girdling and rooting hormone 
• Mounded with pine shavings 
• Sprinkler irrigated twice daily 



Rabbit Brush (Ericameria albicaulis) 

Mountain Mahogany (Cercocarpus intricatus) Chokecherry (Prunus virginiana) 

Layering of other woody plants 
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Ornamentals & Dendrochronology 

Water management 
Quantifying water use of woody plants  

 Tree rings for climate reconstruction 

Native plants 
Roundleaf buffalo berry (Shepherdia rotundifolia) 

hybrid 

 Lacy buckwheat (Eriogonum corymbosum) 
cultivar development 



+ Quantifying Woody Plant Water Use 

Comparing 
three maples, 
Bigtooth 
(Native, hot 
dry), Sugar 
(East, hot 
humid) and 
Bigleaf (West, 
cool dry). 



+ Quantifying Woody Plant Water Use 

Sweetgum water use rate, as fraction of ETo in three 
climates: Utah, Texas, Florida. 

 

 
 Rate of water use 

highest in humid 
Florida.  

 Rate of water use 
lower in arid Utah 
and Texas as trees 
reduce transpiration 
in response to drier 
air.  

 
 



+ Tree Rings for Climate Reconstruction 

Relate tree ring width to past 
precipitation, river flow, 
temperature. 

 Juniper and Douglas Fir 



+ Across the western US, annual  growth is 
limited by moisture availability  

– a dry year leads to a narrow growth ring 
 
– a wet year leads to a wide growth ring 

1977 1983 

Presenter
Presentation Notes
Over much of the western U.S., climates are generally arid or semi-arid, and so moisture is the main factor limiting tree growth. Thus, a dry year leads to a narrow growth ring, and a wet year leads to a wide growth ring. Shown here is an image of annual tree rings from 1973-1984 from a Douglas-fir tree. The range in ring widths reflects the annual moisture variability, with 1977 being an extremely dry year locally and across the region, and 1983 being an exceptionally wet year.  While it varies somewhat by tree species and the region, tree growth usually reflects the antecedent moisture from the fall, winter and spring prior to the summer growing season [might mention it reflects the importance of snowpack, to keep it simple].  Growth also responds to summer precipitation, but it is a less efficient source of moisture for the trees. In other words, the annual ring-width is typically an integrative measure of moisture over a roughly year-long period, corresponding closely to the October-September water year. The sample shown here is particularly apropos, as 1977 has been termed Utah’s “wettest drought” – 1976-77 saw extremely low snowfall but wetter than average summer precipitation [clarify whether the wet summer was 76 or 77]. Similarly, winter snowpack is key to determining the availability of water resources via streamflow.



Presenter
Presentation Notes
We have old trees in Utah
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Presenter
Presentation Notes
Tree ring chronology extending back nearly 700 years.  Loosely, index above 1 means wetter than average, below 1 drier than averageTree ring index relates reasonably well to Logan river flow, except for the period of 1960-1990, corresponding to “global dimming”



+ Native Plants: Shepherdia Hybrid 

Understand 
Shepherdia 
rotundifolia 
adaptation. 

Hybrid with S. argentea 
more able to tolerate 
landscape conditions. 



+ Native Plants:  
Eriogonum corymbosum 

 Identifying 
lines of lacy 
buckwheat 
with 
attractive 
flower color. 

 Tolerant of 
landscape 
conditions. 



+ Turf and Ornamental Research 

Comparison of water use of landscapes 
(Mesic, Mixed and Xeric) differing only in 
plant materials utilized. 

Simulation of landscape water and nitrogen 
transport in the landscapes. 

Simulation of different landscape 
management scenarios and their effects on 
water and nitrogen transport in the Salt Lake 
Valley. 

 

Presenter
Presentation Notes
Hydrus-1D is a public domain computer software package that simulates the one-dimensional movement of water, heat and multiple solutes in variably saturated media.  The program allows analysis of water and nutrient flow and transport in unsaturated, partially saturated, or fully saturated media. 



+ Birds-Eye View of Landscapes 

20 ft. 

30 ft. 

Well 

Mesic 

Xeric 

Mixed 



+ Mixed Landscape at Maturity 



Plant canopy cover was a better predictor of overall 
landscape water use than water use classification. 



Nitrate Concentration (mg/L) 



 Low risk 

   <10 kg N/ha 

 Medium risk 

    10-25 Kg N/ha 

 High risk 

    25-40 kg N/ha 

 Extremely high risk 

    >40 kg N/ha 
Nitrate Leaching Risk 

Nitrate Leaching Risk 



 Low risk 

   <10 kg N/ha 

 Medium risk 

    10-25 Kg N/ha 

 High risk 

    25-40 kg N/ha 

 Extremely high risk 

    >40 kg N/ha Nitrate Leaching Risk 



+ Summary Findings 
 Plant canopy cover–rather than water use 

classification–was the controlling factor in 
woody plant and perennial water use.  

 
 Over irrigation was the main contributing 

factor to NO3-N leaching, and NO3-N 
leaching increased as irrigation increased.  

 
 Improved irrigation and fertilization 

management may reduce turf NO3-N 
leaching significantly, and result in lower 
NO3-N leaching risk areas in urban areas 
of the Salt Lake Valley. 

 
 

Presenter
Presentation Notes
Although landscape areas and soil textures were included in the new approach to estimate NO3-N leaching, no correlation between groundwater NO3-N concentration and estimated NO3-N leaching mass was found when all well groundwater NO3-N concentration data were included, and this finding supports the conclusion of the 1999 USGS study that there was no relationship between the percentage of residential land use surrounding the monitoring wells and the concentration of NO3-N in water sampled from the wells (Thiros, 2003). 



+ Turf and Ornamental Research 

Do different climate-based irrigation 
controller technologies achieve landscape 
water conservation without negatively 
impacting landscape quality? 

Quantify the amount of water saved in turfgrass 
and ornamental area using different controllers. 

Determine the level of drought stress in turfgrass 
and ornamental plant for the different 
treatments. 

Evaluate plant quality and growth on the plants 
under different treatments. 



+ 
Plants 
 Turfgrass (Poa pratensis blend) 

 ‘Little Giant’ Arborvitae (Thuja 
occidentalis) 

 ‘Koreana’ Boxwood (Buxus 
microphylla) 

 Dwarf Burning Bush ‘Compactus’ 
(Euonymus alatus) 

 Paeonia Hybrid (Paeonia lactiflora) 

 ‘May Nights’ Salvia (Salvia 
nemorosa) 

 Stella D’oro Daylilly (Hemerocallis 
lilioasphodelus) 

 Blue Oat Grass (Helictotrichon 
sempervirens) 

 

4.57m.
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Rainbird ESP-LX Modular Series with ET-Manager CartridgeHunter ET System with PC 300 ControllerWeathermatic SL1600 with SLW series on-site weather monitorHunter XC400 (Control)



+ 
30.63m.

3
0

.0
0

m
.

Controllers 

Rainbird Hunter 

“Control” (Hunter) WeatherMatic 

“Control”  is programmed 
according to 

recommended schedules. 

Presenter
Presentation Notes
Rainbird ESP-LX Modular Series with ET-Manager CartridgeHunter ET System with PC 300 ControllerWeathermatic SL1600 with SLW series on-site weather monitorHunter XC400 (Control)



+ Conclusions 

 In 2011, 
WeatherMatic® 

controller had the 
best performance. 

 In 2012, all climate-
based controllers 
had similar 
performance and all 
used less water than 
the standard 
controller. 
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Public Information: Extension Programs 
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cwel.usu.edu 



+ Outreach Materials 

utahpests.usu.edu             extension.usu.edu 
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extension.usu.edu 
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Presenter
Presentation Notes
Drought tolerance database funded by the Bureau of Reclamation was recently published
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The database lists all the known references 
on water use by woody plants adapted to 
northern Utah. 
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Outreach Materials 
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+ Slow the Flow Water Check Program 
On average, program participants save 25,570 gallons 
of water annually, reducing the amount of water 
applied to landscapes by 8%. 
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Thanks very much…. 

joanna.endter-wada@usu.edu  
 

kelly.kopp@usu.edu 
@kopptweets 
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