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Accomplishments
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• Flow Meter
• Drip Valve
• EZ-FLO
• Smart 

Controller
• Soil Moisture 

Sensor
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Controllers
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Nozzles
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SmartScape I SmartScape II Green Roof Demo SmartLawn
Monarch Butterfly 

Study Garden
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Hedgerow I & II
Pollinator

Study Garden

Featuring
• Inline Drip
• Drip Valves

Featuring
• Drip Valves
• Soil Moisture 

Sensors
• Inline Drip
• Flow Meter
• EZ-FLO

Featuring
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• Flow Meter
• Soil Moisture 

Sensors
• Drip Valve
• EZ-FLO
• Smart 

Controller
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• Demonstrate water conserving & efficient landscapes (as per MWELO)

• Demonstrate irrigation technology (smart controllers, rotary nozzles, inline drip, etc.)

• Provide experiential student learning opportunities (leadership and interns)

• Connect industry professionals with academic researchers, staff & students

• Conduct science-based research

• Leverage cutting-edge technology (robotic mower, spectral imaging, etc.) 

• Provide policy makers with landscape water conservation & water efficiency information

SmartLandscape Objectives



MAWA = (ETo) (ETAF) (LA) (0.62)

ETo = Reference Evapotranspiration (from CIMIS)
0.7 = Evapotranspiration Adjustment Factor
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)

ETWU = (ETo) (0.62) (PF*LA)/IE 

ETo = Reference Evapotranspiration (from CIMIS)
0.3 = Plant Factor (from WUCOLS)
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)
IE = Irrigation Efficiency (0.75 overhead and 0.81 sub-surface

>

Performance Approach – Maximum Applied Water Allowance 
(MAWA) meets or exceeds the calculated Estimated Total Water Use (ETWU)

NOTE: CIMIS Historical
Evapotranspiration



What strategy should be used for irrigating landscape plants?

1. Irrigation should occur based on plant response to environmental demand = Evapotranspiration 

(ET).  ET for specific CA regions is provided by DWR CA Irrigation Management Information System 

(CIMIS) website.

2. Irrigation frequency and amount will be defined by the environmental demand, soil water-holding 

capacity, plant root zone depth, and slope. 

3. Irrigation should be applied such that the soil water reservoir is filled, and gravity drainage and 

runoff do not occur. 

4. Thus, replacing water lost through ET after triggering of an irrigation event, typically 40-50% 

Management Allowable Depletion (MAD).



Permanent Wilting 
Point = 0%

Management 
Allowed Depletion 
(MAD) = 40 – 50%

Field Capacity = 100%

Plant Available 
Water Holding 
Capacity

2”

2”

Evapotranspiration



1. Model Water Efficient Landscape Ordinance (MWELO)
A. Performance Approach:  Landscape water budget
B. Maximum Applied Water Allowance (MAWA)
C. Estimated Total Water Use (ETWU)
D. ETWU < MAWA (compliance = permit)

2. Water Use Classification of Landscape Species (WUCOLS) IV 
Searchable Plant Database  (WUCOLS)

3. SmartLandscape Initiative Website

SmartLandscape Landscaping Principles

https://wucols-plant-search-database-ui.s3.us-west-1.amazonaws.com/index.html#/search
https://ccuh.ucdavis.edu/smartlandscape


• Low water use landscape plants do not save water.

• Efficient irrigation systems can save water (design, installation, management, 

maintenance).

SmartLandscape Credo – Measure Applied Water



• Measure and monitor applied water

• Applied water is “not” an estimate

• Is applied water < MAWA?

• Utilize applied water to determine Plant 

Factor for landscape.

ETWU versus Measured Applied Water

Flomec/SonicFlow Hunter Pulse Flow Meter
(ETWU)(IE)/(Eto)(0.62)(LA)=  Actual PF 

ETo = Reference Evapotranspiration (from CIMIS)
Actual PF = Actual Plant Factor based on applied water
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)
IE = Irrigation Efficiency (0.81 sub-surface)



SmartLawn Plot Configuration

Delta Bolero+
Baseline
Eco-Mat

3 Baseline sensors
3 SoilClik sensors
1 Tucor data probe
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Baseline
MP Rotator

3 Baseline sensors
3 SoilClik sensors
1 Tucor data probe

Kurapia
Hunter

Eco-Mat
3 SoilClik sensors

Kurapia
Hunter

MP Rotator
3 SoilClik sensors

UC Verde
Rachio

Eco-Mat
3 SoilClik sensors

UC Verde
Orbit

MP Rotator
3 SoilClik sensors
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Scotts Blend
Hunter

Eco-Mat
3 SoilClik sensors

Scotts Blend
Hunter

MP Rotator
3 SoilClik sensors

Delta 90/10
Tucor

Eco-Mat
3 SoilClik sensors
Tucor Turf Probe

Delta 90/10
Tucor

MP Rotator
3 SoilClik sensors
Tucor Turf Probe

Delta Bolero+
Hunter

Rain Bird Drip
3 SoilClik sensors
1 Tucor data probe

Delta Bolero+
Hunter

Rain Bird RVAN
3 SoilClik sensors
1 Tucor data probe

Sub-surface Irrigation

Surface Irrigation



UC Verde Water Budget Calculation
Applied Water (gallons) Compared to MAWA and ETWU

Key Learnings
• 100% UC Verde (warm season turf) can be planted and meet MWELO

• Rachio weather-based controller managed applied water below MAWA 

(irrigation 7 day/week window)

• Sub-surface irrigation using Eco-Mat can meet MWELO with 100% UC 

Verde

• UC Verde mowed less than 6 times per year



Key Learnings
• 100% UC Verde (warm season turf) cannot be planted and meet MWELO 

when surface irrigated by MP Rotator nozzles

• Orbit weather-based controller could not manage applied water below 

MAWA (irrigation 7 day/week window)

• Observation:  Orbit, programmed for this region, over irrigated this plot

• Note: adjust controller to reduce applied water for 2023; consider MAWA 

as applied water goal for 2023

• UC Verde mowed less than 6 times per year
 

UC Verde Water Budget Calculation
Applied Water (gallons) Compared to MAWA and ETWU



Note:
• Planting plan provided by Student 

Leadership in Green Infrastructure
• Buried fleeced wrapped Inline drip 

(Eco-Wrap)
• Hydrawise controller
• Weather-based controlled
• Hunter RZWS (trees)
• WUCOLS Plant Factor = 0.3
• Flow meter installed

SmartScape I:  2022 MWELO Water Budget Calculation for 
North, South and Trees



SmartScape I “North” Water Budget Calculation
Applied Water (gallons) Compared to MAWA and ETWU

Key Learnings
• For year 2, SSI North still meets MWELO.
• Irrigation managed by Hydrawise weather-based 

controller (no day restriction)
• Sub-surface Eco-Wrap, 1’ spacing between driplines.
• All plants performing well
• No adjustment of irrigation schedule/run time for  2nd 

year



SmartScape I “South” Water Budget Calculation
Applied Water (gallons) Compared to MAWA and ETWU

Key Learnings
• For year 2, SSI South still meets MWELO
• Irrigation managed by Hydrawise weather-based 

controller (no day restriction)
• Sub-surface Eco-Wrap, 1’ spacing between driplines.
• All plants performing well
• No adjustment of irrigation schedule/run time for  2nd 

year



SmartScape I  “Trees” Water Budget Calculation
Applied Water (gallons) Compared to MAWA and ETWU

Key Learnings
• For year 2, SSI Trees still meets 

MWELO
• Irrigation managed by Hydrawise 

weather-based controller (no day 
restriction)

• Irrigation system is Hunter Root 
Zone Watering System

• 3 trees on 1 valve/hydrozone
• All trees performing well
• No adjustment of irrigation 

schedule/run time for  2nd year



SmartScape I 
2023

Area 
(sq.ft.) MAWA ETWU

Applied 
Water 

(ATWU)

Actual 
Plant 
Factor

WUCOLS 
Plant 
Factor

H1 North           1,042        20,228        13,622        14,935             0.33           0.30 
H2 South           1,615        31,352        21,112        23,149             0.33           0.30 
H3 Trees              192           3,727           2,510           2,752             0.33           0.30 

SmartScape I 
2022

Area 
(sq.ft.) MAWA ETWU

Applied 
Water 

(ATWU)

Actual  
Plant 
Factor

WUCOLS 
Plant 
Factor

H1 North           1,042        20,228        13,622        11,051 0.24           0.30 
H2 South           1,615        31,352        21,112        17,410 0.25           0.30 
H3 Trees              192           3,727           2,510           2,909 0.35           0.30 


SSI

				SmartScape I 2023		Area (sq.ft.)		MAWA		ETWU		Applied Water (ATWU)		Actual Plant Factor		WUCOLS Plant Factor

				H1 North		1,042		20,228		13,622		14,935		0.33		0.30						31352

				H2 South		1,615		31,352		21,112		23,149		0.33		0.30

				H3 Trees		192		3,727		2,510		2,752		0.33		0.30



				SmartScape I 2022		Area (sq.ft.)		MAWA		ETWU		Applied Water (ATWU)		Actual  Plant Factor		WUCOLS Plant Factor

				H1 North		1,042		20,228		13,622		11,051		0.24		0.30

				H2 South		1,615		31,352		21,112		17,410		0.25		0.30

				H3 Trees		192		3,727		2,510		2,909		0.35		0.30











MAWA = (ETo) (ETAF) (LA) (0.62)

ETo = Reference Evapotranspiration (inches per year)
0.55 = Evapotranspiration Adjustment Factor
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)


ETWU = (ETo) (0.62) (PF*LA)/IE 

ETo = Reference Evapotranspiration (inches per year)
0.3 = Plant Factor (from WUCOLS)
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)
IE = Irrigation Efficiency (0.75 overhead and 0.81 sub-surface)

(ATWU)(IE)/(ETo)(0.62)(LA)=  Actual PF 

ETo = Reference Evapotranspiration (from CIMIS)
Actual PF = Actual Plant Factor based on applied water
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)
IE = Irrigation Efficiency (0.81 sub-surface)



SSII

				SmartScape II 		Area (sq.ft.)		MAWA		ETWU		Applied Water (ATWU)		Actual Plant Factor

				2021		760		14,754		9,930		13,866		0.42

				2022		760		14,754		9,930		3,942		0.12



MAWA = (ETo) (ETAF) (LA) (0.62)

ETo = Reference Evapotranspiration (inches per year)
0.55 = Evapotranspiration Adjustment Factor
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)


(ATWU)(IE)/(ETo)(0.62)(LA)=  Actual PF 

ETo = Reference Evapotranspiration (from CIMIS)
Actual PF = Actual Plant Factor based on applied water
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)
IE = Irrigation Efficiency (0.81 sub-surface)

ETWU = (ETo) (0.62) (PF*LA)/IE 

ETo = Reference Evapotranspiration (inches per year)
0.3 = Plant Factor (from WUCOLS)
LA = Landscape Area (square feet)
0.62 = Conversion factor (to gallons)
IE = Irrigation Efficiency (0.75 overhead and 0.81 sub-surface)



image1.png





Scientific Name Common Name Recommendation Location

Achillea millefolium 'Island 
Pink' pink California yarrow R H2/H1

Achillea x 'Moonshine' moonshine yarrow R H1

Agave 'Blue Glow' century plant R H2

Aloe striata coral aloe R H2

Bouteloua gracilis mosquito grass R H1

Bulbine frutescens 
'Hallmark' orange bulbine NR NA

Coreopsis verticillata 
'Moonbeam' threadleaf coreopsis R NA

Epilobium canum California fuschia R H1

Gaillardia aristata 'Arizona 
Sun' blanket flower R H2

Hemerocallis x 'Stella de 
Oro' reblooming daylily R H2

Hesperaloe parviflora 
'Perpa' false red yucca R H2

Kniphofia uvaria 'Flamenco' red hot poker NR NA

Lomandra longifolia 
'Breeze' spiny-head mat rush R H1

Muhlenbergia dubia pine muhly grass R H1

Pennisetum spathiolatum slender veldt grass R H2

Perovskia atriplicifolia 
'Lacey Blue' Russian sage R H2

Salvia chamaedryoides germander sage R H2

Salvia nemorosa 
'Haeumanarc' garden sage R H2

Sedum spectabile 'Autumn 
Joy' autumn joy R H1

SmartScape I: Plant Performance



NDVI Validation for Measuring SmartLawn Plot Health: 
Hand-held Versus UAV

Trimble GreenSeeker 
Handheld Sensor

NDVI (Normalized Differential Vegetation Index)

• “…NDVI quantifies vegetation by measuring the difference between near-infrared 
(which vegetation strongly reflects) and red light (which vegetation absorbs).”

• Healthy plants (more chlorophyll) will have a higher NDVI value than less healthy 
plants (less chlorophyll)

• NDVI ranges from values of 0 to +1

UAV IR Camera

VERSUS
y = 1.0041x + 0.0861

R² = 0.9524
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Scatter Graph Example:  November 
11, 2022











Volumetric Soil Moisture Profile (3”, 6” & 9” Depth)
    Baseline Plot #9 Sub-surface Eco-Mat

3” Depth 6” Depth 9” Depth

3” Depth 9” Depth

Baseline Surface MP Rotator

6” Depth



THANK YOU 
SmartLandscape Partners!

New Signage!!!
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