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Today

• Our Good Health 

Depends on Trees 

• Challenges

• Research You Can 

Use

– Climate-Ready 

Trees Study

– UTD, Carbon &

Rainfall Interception



California’s Drought

• 2012-2015 severity unprecedented in 1,200+ 

year record



California’s Drought

• Broad consensus that recent drought 

will be new climatology of SW 



Urban Heat Island Index (Cal – EPA)

10·

F5·F<1·F

KMZ downloaded from http://www.calepa.ca.gov/UrbanHeat/Index.htm

http://www.calepa.ca.gov/UrbanHeat/Index.htm




Vulnerability to Drought?





Goal: Gradual Transition to More 

Stable, Healthy and Functional 

Landscapes



Déjà Vu?

•Risk management 

– Increase diversity

–Phase out poorly-

adapted species

• Primary point of 

leverage

–Tree selection

McPherson, E.G.; van Doorn, N.S.; Teach, E. 2017. Evaluation of 
six drought tolerant trees 17 years after planting in Northern 
California. Western Arborist. 43(1): 32-37.



Adds increasing awareness 

of potential climate 

change effects

• Future exposures unlike now

• Regulatory & market-based 

incentives – GGRF, Water 

• Sustainability – wildlife, food, 

end-of-life products

• Minimize disservices – water, 

roots, pollutants, maint. costs

• Infill – find space for trees

• Protection – extend service life



Climate-Ready Trees Study 

Drs. Greg McPherson, Natalie Van Doorn

Erika Teach 

USDA Forest Service

PSW Research Station, Davis, CA

Dr. Alison Berry

Dept. of Plant Sciences

UC Davis, Davis, CA

Drs. Jim Downer, Janet Hartin, 

Darrel Haver

UC Cooperative Extension

McPherson, E.G.; Berry, A.M.; van Doorn, N.S. 2018. Performance testing to identify 
climate-ready trees. Urban Forestry & Urban Greening. 29: 28-39.



Five Step Process



Climate zones based on Brenzel (1997)

Step 1: Climate Trends

Study focus:  

• Inland Valley, CA 

• Inland Empire, CA

• Southern CA Coast 

CalAdapt Climate Models 

Project Changes - 75 Years 

1. Temperature (Hardiness) 

• Central Valley: 1 ½  zone 

change

• Inland Empire & S. CA Coast: ½  

zone change

2. Precipitation

• More uncertainty 

• Generally: more winter precip,

less summer.



Experts helped identify promising tree species.

• Currently not abundant.

• Proven successful in regions with somewhat 

warmer climates.

• Planting stock currently available in nurseries.

• Diversity of size and genera. 

Step 2: ID Promising Species



Step 3: Score Species

Based on System for Assessing Vulnerability of Species (Bagne et al., 2012)

Habitat Physiology Biological 
interactions

Soil moisture Drought tolerance Invasiveness

Soil texture and
pH

Wind tolerance Major or minor pest and 
disease threats

Sunlight exposure Salt tolerance Emerging pest and disease 
threats



Special Features

Biogenic 
emissions

SelecTree
(+1) Species has low biogenic emissions.

Root damage 
potential

SelecTree

(+1) Species has low root damage potential. 

Longevity SelecTree

(+1) Species' longevity is over 150 years. 

Carbon
storage

Urban growth
equations (+1) relatively high biomass for stature class

Added Special Features



Special Features (cont’d)

Aesthetics SelecTree
(+1) Species has flowers or fall colors.

Tree litter SelecTree

(+1) Species produces minimal litter

Shade
potential

SelecTree
(+1) Species has moderate OR moderately dense 

in and out of leaf shade capacity

Biodiversity Municipal 
inventories

(+1) Species is <1% of total abundance in climate 
zone or not in top 10 importance value



.

Scientific Name Common Name
California native

Celtis reticulata Netleaf hackberry
Hesperocyparis forbesii Tecate cypress
Prunus ilicifolia ssp. Lyonii Catalina cherry
Quercus tomentella Island oak

Australia
Acacia aneura Mulga
Corymbia papuana Ghost gum

Southwest US
Mariosousa willardiana Palo blanco

Oklahoma-Texas-Western US
Prosopis glandulosa ‘Maverick’ Maverick mesquite
Quercus fusiformis Escarpment live oak

Asia/South America

Dalbergia sissoo Rosewood
Cedrela fissilis Brazilian cedarwood

Other
Pistacia ‘Red Push’ Red Push pistache

12 Species Selected for Each Zone 



Step 4: Plant and Evaluate

• Climate Zones

– Central Valley

– Coastal SoCal

– Inland SoCal

• Reference Sites

– 4 replicates

– Excellent care

• Park Sites

– 4 parks

– 2 replicates each

– Variable care





Planting days



When?

• Every year for first 5 years

• Every 3 years after that

Measurements:

• Tree size:  height, DBH, canopy diameter.

• Soil type: texture, nutrients, bulk density 

Monitor:

• Tree structure (branching, roots) 

• Pruning done

• Any pests or diseases

• Potential causes for mortality

Environmental factors: 

• Irrigation applied

• ET, minimum temperatures (CIMIS)

Tree Monitoring



Data Analyses

Shoestring Acacia

Canby’s Oak

Desert Willow 

‘Bubba’



Step 5: Share Results

http://climatereadytrees.ucdavis.edu/



Urban Tree Database

• USDA Forest Service – 14 year 

effort 

• 14,400 trees in 17 U.S. cities

• 171 unique species

• 365 sets of growth curves (1,825 

equations)

Tree Height

Crown Diameter

Crown Height

Leaf Area

Crown Projection

From 

DBH

From Age to DBH

http://dx.doi.org/10.2737/RDS-2016-0005

http://dx.doi.org/10.2737/RDS-2016-0005
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Surface Storage of Rainfall

• Urban forests and GI

• Soil storage

• Crown storage

• Interception

• Total leaf & stem area

• Foliation period

• Surface storage depth

• Rainfall simulator  
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Findings

• Three-fold 

difference 

among 

species

• Four-fold for 

leaves vs. 

stems only

• Surface traits 

critical



Surface Water Storage (mm)

• Low (0.5-0.7)

• Moderate (0.7-0.8)

• High (0.8-1)

• Very High (1-1.8)



Carbon Storage & Wood 

Density (kg/m3)

• Low (360-420)

• Moderate (420-

500)

• High (500-600)

• Very High (600-

820)
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Conclusions

• What Benefits? When?

– Improved models

– Improved biometrics (UTD)

• Climate-Ready Tree Evaluation

– Goal: Shift palette, gradual transition

• Right Tree, Right Place,

Right Purpose, Right Time



Right Tree, Right Place

• Space

• Soil

• Social

• Safety



Context-Sensitive Selection

• Street

• Neighborhood

• City

• Stewardship



Right Purpose, Right Time

• What Purposes?

• When in Future?



Questions?
http://www.fs.fed.us/psw/topics/urban_forestry/



Reflections and Tributes

Craig Johnson & Fred Deneke



Rowan Rowntree



Joan Lionetti



Ray Tretheway



Gary Moll & Jim Lyons  



American Forests, ACT, Andy, Shannon, Marcia, 

Nancy and Others



Jim Simpson, Palua Peper, Qingfu Xiao 

and Jim Geiger



Tommy, Kelaine, Scott, Sara, Dan and 

So Many Others



Pacific Southwest Research Station

Urban Forest Research Products

1992 - 2017

Jim Simpson, Paula Peper, Qingfu Xiao and Jim Geiger’s 

talents were primary in producing 

these products and more for our customers

https://www.fs.fed.us/psw/topics/urban_forestry

/



Natalie van Doorn

Erika Teach



Thank You One and All!


