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Objective 

1. Report on climate change in California  
2. Identify impacts to trees due to climate change 
3. Report on my research concerning  the impact of   
    climate change on street trees in California 
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Climatic Problem Facing California’s Urban Forests 
Increasing Temperatures  
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     Mean Annual Temperature (oF) 
                1961-1990       2070-2100  
      65.9o              70.4 o 

San Francisco, CA 

from: Cal-adapt.org 

Oakland: Mean Annual temperature 



Change in Precipitation 
San Francisco, CA 
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 Average Annual Precipitation 
 

Long-term Average         2100 
          23.6”                        18.3” 
 



Change in Snowpack 
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2090 1950 

“By the end of this century, the Sierra snowpack is projected to 
experience a  48-65 percent loss from the historical April 1st average. 
This loss of snowpack means less water will be available for Californians 
to use.”  
                                       California Department of Water Resources (2015) 



Impacts of Climate Change 
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Respiration and Temperature 
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Photosynthesis, Respiration, and Temperature 
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Impact of Water Stress on Physiological Processes 
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Impacts of climate change on street trees in California 
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Conceptual Method 
 

“substitution of space for time”  
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“substitution of space for time” 

       •  Fresno 

                        Temperature oF 
  Current Ave.       Predicted Ave.  
                    July Max.                July Max.  
Fresno           95                              108 
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“substitution of space for time” 

       •  

• 

Fresno 

El Centro 

                        Temperature oF 
  Current Ave.       Predicted Ave.  
                    July Max.                July Max.  
Fresno           95                              108 
El Centro     106 

19 



Urban Forest Composition 
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        Fresno        El Centro 

Conclusion:  Three of the common street trees in Fresno (B, D, E)  will be not 
                       survive or not be expected to perform well in Fresno when the 
   temperature becomes as warm as the temperature in El Centro. 
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Steps in applying the 

1. Select an example cities  
2. Select a comparison city  
3. Compare the tree species 

“substitution of space for time” 
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 Climate Zones                                  Cities and Towns  
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14 
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Selection Criteria for Example Cities 
within each Climate Zone 

 1. Temperature  
            near average for cities in climate zone 

 2. Size of City  
   large enough to have ‘ample’ street  
   tree population 

  3. Geographic Location 
   typical of the climatic zone 
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Susanville, California 

Berkeley, California 

Example Cities for the 16 California Climate Zones 

1 2 3 4 

5 6 7 8 

9 

16 

10 11 12 

13 14 15 
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Susanville 



Cities Selected as Example Cities  
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Steps in Applying the 

1. Select an example cities  
2. Select a comparison city  
3. Compare the tree species 

“substitution of space for time” Method 
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Historic July Average Maximum Temperatures 
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Predicted Weather Data 

28 

Oakland: Mean Annual temperature 



                Predicted July Average Maximum Temperatures 

 

29  from: http://cal-adapt.org/temperature/annual/ 



Historic and Predicted July Average Maximum Temperatures 

 

30  from: http://cal-adapt.org/temperature/annual/ 



Selection of Comparison Cities 
 

31  from: http://cal-adapt.org/temperature/annual/ 



Selection of Comparison Cities 
 

32  from: http://cal-adapt.org/temperature/annual/ 



Selection of Comparison Cities 
 

33  from: http://cal-adapt.org/temperature/annual/ ? 



Furnace Creek 
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Average July Maximum Temperature = 116oF  



Example Cities and Comparison Cities 
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Steps in Applying the 

1. Select an example cities  
2. Select a comparison city  
3. Compare the tree species 

“substitution of space for time” Method 
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Street Tree 
Survey 
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From: C. M. Highsmith 



Street Tree Survey – Santa Ana 
Locations of Sample Plots (10 x 10 grid)  

Santa Ana: 
59 grid points fall in the city 
50 of these were selected at 
random for sampling 

38 



Sample Location 

Sample Location 
(Nearest street Intersection) 

• 

Grid line intersection 
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Arrangement of Sample Plots 

100’ 

10’ 

• 

North Plots 

East Plots 

South Plots 

West Plots 
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McBride and Lacan off to survey the street trees of California 
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Number of Tree Species  
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Most Common Species in each Example City 

  Purple Leaf Plum                   London Plane Tree                            Sweetgum                   London Plane Tree 
       (Eureka)                                   (Ukiah)                                          (Berkeley)                          (King City) 

     Southern Magnolia                   Moreton Bay Fig                       Mexican Fan Palm             London Plane Tree 
        (Santa Maria)                           (Santa Monica)                             (San Diego)                          (Santa Ana) 

     Crape Myrtle                    Mexican Fan Palm                                Redwood                      London Plane Tree 
        (Burbank)                             (Riverside)                                      (Yuba City)                          (Stockton) 

     Crape Myrtle                          White Mulberry                          Silver Wattle                          Siberian Elm 
         (Fresno)                                   (Barstow)                                  (El Centro)                             (Susanville) 
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10 12 

14 16 15 
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Berkeley, California 

              July Average Max. Temp (oF) 
City       Historic   Predicted 
Berkeley         70.3         80.4 
Santa Ana        82.3                             86.9 
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Climate Zone 3 
 

Example City = Berkeley                      Comparison City = Santa Ana    



Common Berkeley street trees and their occurrence in Santa Ana 



Common Berkeley street trees and their occurrence in Santa Ana and warmer cities 



      Conclusion  
 The common street trees in Berkeley will survive and can be 

expected to perform well as the climate becomes warmer 
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         Sweetgum                     Evergreen Ash                  London Plane Tree              Purple Leaf            Chinese  

                    Plum                 Pistache 

 

Camphor Tree              Black Locust                Bradford Pear      Southern Magnolia         Chinese elm 



              July Average Max. Temp (oF) 
City       Historic   Predicted 
Stockton         90.4                          101.7   
Barstow         99.5      112.5 
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Climate Zone 12 
 
 Example City = Stockton                         Comparison City = Barstow 



Common Stockton street trees and their occurrence in Barstow 
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Common Stockton street trees and their occurrence in Barstow and warmer cities 



                   Conclusion  
 Four of the common street trees in Stockton will not survive or not perform 

well as the climate becomes warmer  
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Bradford Pear                  Chinese Elm          Chinese Pistache       Common Hackberry    Crape Myrtle  

Evergreen Ash                 London Plane Tree           Modesto Ash      Purple leaf plum           Sweetgum  
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Results for the Climate Zones 
 

Comparison 
City 

Common Species not in  
Comparison City or “Warmer cities” 
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         Climate zones where some 
         commonly used  street trees 
are not expected to perform well as 
a result of increasing temperature 
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Questions regarding the absence of tree  
species in comparison cities 
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1. Could the absence of a species in a comparison   
    city be do to a factor other than temperature? 
 
2. How should decreasing available moisture   
    (decreased rainfall and decreased snowpack) be  
    taken into account? 
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Answering the Questions 

“We just have a few of questions” 

1. Interviews with local experts 
2. Checked the suitability of the species to grow in the predicted climatic (Perry)  
3. Checked the water needs of the species (WUCOLS) 
 



Example - Stockton 
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Common Street Tree Species in Stockton 
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 Bradford Pear                       Chinese Elm          Chinese Pistache      Common Hackberry           Crape Myrtle  

  Evergreen Ash               London Plane Tree                 Modesto Ash       Purple-leaf Plum                Sweetgum  



Stockton trees not found in comparison city or warmer cities 
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 Bradford Pear                       Chinese Elm          Chinese Pistache       Common Hackberry           Crape Myrtle  

  Evergreen Ash               London Plane Tree                  Modesto Ash       Purple-leaf Plum              Sweetgum  



Stockton trees not suitable for the future climate of Stockton according 
to local experts 
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 Bradford Pear                       Chinese Elm          Chinese Pistache       Common Hackberry           Crape Myrtle  

  Evergreen Ash               London Plane Tree                  Modesto Ash       Purple-leaf Plum              Sweetgum  



Stockton trees not suitable for the future climate of Stockton according 
to Perry (2010) 
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 Bradford Pear                       Chinese Elm          Chinese Pistache       Common Hackberry           Crape Myrtle 
            Perry = OK  

  Evergreen Ash               London Plane Tree                  Modesto Ash       Purple-leaf Plum              Sweetgum  
    Perry = OK 

Perry 



Irrigation Requirement and Drought Tolerance 
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 Bradford Pear                       Chinese Elm           Chinese Pistache      Common Hackberry           Crape Myrtle  

  Evergreen Ash             London Plane Tree                 Modesto Ash         Purple-leaf Plum             Sweetgum  

IR1:        M         M/L                   M/L                  M/L            M/L 

IR1: M            M/H                 M      M             M 

  
1 Irrigation Requirement: M/H = medium to high, M = medium, M/L = medium to low (from WUCOLS IV, 2014) 
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 Bradford Pear                       Chinese Elm           Chinese Pistache      Common Hackberry           Crape Myrtle  

  Evergreen Ash             London Plane Tree                 Modesto Ash         Purple-leaf Plum             Sweetgum  

IR1:        M         M/L                   M/L                  M/L            M/L 

IR1: M            M/H                 M      M             M 

  
1 Irrigation Requirement: M/H = medium to high, M = medium, M/L = medium to low (from WUCOLS IV, 2014) 

   

Stockton trees not suitable for the future climate of Stockton according 
to water requirements 

 



Stockton trees not suitable for the future climate 
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 Bradford Pear                       Chinese Elm           Chinese Pistache      Common Hackberry           Crape Myrtle  

  Evergreen Ash             London Plane Tree                 Modesto Ash         Purple-leaf Plum             Sweetgum  

  
   

Perry 
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Incorporation of Information from Local Experts, Perry, and WUCOLS 

1 based on the top ten frequencies of occurrence; 2 and warmer cities 
* Perry’s conclusion disregarded in favor of local experts 

* 
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Species not expected to perform well 



 

Consequence of Climate Change: 
Some currently used trees will not survive or not perform well 

66 



67 

 

Consequence of Climate Change: 
We should not be planting trees that will not survive,  

not perform well, or have high irrigation requirements 
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Consequence of Climate Change: 

Must Identify New Species 



Climate Ready Trees – U.S. Forest Service 
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Greetings from Climate Change 
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“substitution of space for time” 

http://www.climatecentral.org/news/global-cities-climate-change-21584 


