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Initial studies on
the Sacramento Shade trees

e Simpson and McPherson (1998) US Forest Service

* Mortality assumption

Tree death and removal would be approximately balanced by
tree growth and replacement

* Growth assumption
* Energy performance projection

e Hildebrandt and Sarkovich (1998) SMUD

* Mortality assumption
58 -70% survivability over 30 years

* Growth assumption
* Energy performance projection



Questions:
Long-term tree survival, growth and
energy performance of residential shade trees

(1) How many of the shade trees planted between 1991 and
1993 were alive in 20137

(2) How large did they grow?

(3) What are their effects on cooling energy use and how do
our findings differ from the initial projections?

Ko et al. (2015a)
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Method : Data collection
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Randomly sampled 92 properties (317 trees) from
the original 254 (Simpson and McPherson, 1998)



Method : Data collection

Aerial photo interpretation
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Method : Survival Analysis

Aerial photo interpretation

a A A A A

V V Vv \% V

PLANTING

1991-1993 1994 1998 2002 2006 2009 2011 201

Initial Field Survey Second Field Survey
(Early establishment) (Post establishment)



Method : Growth Assessment

Compare the measured tree sizes in 2013 with the projected sizes of trees
30 years after planting for each tree class (below)

Tree class Code in Species: Tree Crown
Size Growth the Scientific name (Common name) height  width
rate figure (ft) (ft)
(Habit)
Small Moderate SM Lagerstroemia hybri(Crape Myrtle) 25 25

CercizanadensigEastern Redbud)
Acerpalmatum(Japanese Maple)
Magnoliax soulangeangSaucer Magnolia)
AcerbuergerianumTrident Maple)

Medium Moderate MMU Triadicasebifera(Chinese Tallow Tree) 34.8 20
(Upright) Carpinudetulus(European Hornbeam)
Nyssasylvatica(Tupelo/Sour Gum)
Medium Moderate MMS  PistaciachinensigChinese Pistache) 34.8 34.8
(Spread)
Large Slow to LSM Tiliaamericanal/American Linden) 45 40
medium QuercusmacrocarpaBur Oak)

CeltissinensigChinese Hackberry)
Ginkgobiloba(Maidenhair Tree)

Large Rapid LR Platanusx. acerifolia(London Plane) 54.8 45
Acerrubrum (Red Maple)
Quercusubra(Red Oak)
QuercugoccinedScarlet Oak)
Quercudobata (Valley Oak)

(Simpson & McPherson, 1998)



Method: Building energy simulation

e Shadow Pattern Simulator (SPS)

* Micropas — building energy simulation model



Findings:
The 22-year post-planting survivorship

Trees Distributed 1991-1993

(n=317)
Confirmed Missing &
Planted Not planted
87.4% (n=277) 12.6% (n=40)

Standing Dead
1994
12.3% (n=34)

Alive 1994
87.7% (n=243)

Standing Dead &
Removed 2013
53.9% (n=131)

Alive 2013
46.1% (n=112)




Comparing with initial mortality assumptions

e Simpson and McPherson (1998) US Forest Service

* Tree death and removal would be approximately balanced by tree
growth and replacement

In 2013, only 39 trees out of 145 dead or removed trees (26.9%) were
replaced in the same location as planted; replacements were much
smaller than their projected mature size.

e Hildebrandt and Sarkovich (1998) SMUD

e 58 -70% survivability over 30 years

In 2013, the proportion of trees surviving to 2013 (n=112) out of those
delivered 1991-1993 (n=317) was 35.3%.
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Findings:
The 22-year post-planting survivorship
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Findings:
The 22-year post-planting survivorship
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Findings: Growth analysis

Projected (30 years) and measured (20-22 years) dimensions

by tree class

Tree class Tree height Crown width
Attainment Attainment
(%) (%)
SM 63.3% 57.7%
MMU 86.9% 107.4%
MMS 83.0% 71.8%
LSM 69.8% 63.6%
LR 73.6% 65.2%
Total 74.6% 68.8%
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Findings: Energy-saving performance

Comparison of energy savings for all planted trees (shade effect
only) b/w projected saving (30 years, Simpson and McPherson,
1998) and the 2013 simulated saving (20-22 years)

Initially projected for 2023

Simulated for 2013

30 year post planting 20-22 year post planting

Per property Per tree? Per property Per treel
Mean annual cooling 471 kWh 153 kWh 107 kWh 80 kWh
energy 22.0% 7.1% 4.9% 3.7%
Peak demand 0.23 kW 0.08 kW 0.05 kW 0.04 kW
7.1% 2.3% 1.6% 1.2%
Mean annual heating -2.6 MMBtu -0.85 MMBtu -0.5 MMBtu -0.38
energy MMBtu
-5.9% -1.9% -1.2% -0.9%
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Findings: Energy-saving performance

Comparable studies

Assumptions

Energy Savings

Energy savings

(per property) (per tree)
Authors Conditioned Trees kWh kw kWh kw
(Study year) Floor Area

[Method]
Our study 146m? Average 1.3 trees/property, 107 0.05 80 0.04
[Simulation] (1573ft?) 20-22 years post planting in ~ (4.9%) (1.6%) (3.7%) (1.2%)

all orientations
Donovan & 139m? Current average tree cover 185 N/A 82 N/A
Butry (2009) (1500 ft2) on the south and the west of (5.2%) (2.3%)
[Regression] a house
Simpson & 146m? Average 3.1 trees/ property, 471 0.23 153 0.08
McPherson (1573ft?) 20-30 years post planting in ~ (22.0%) (7.1%) (7.1%) (2.3%)
(1998)* all orientations
[Simulation]
Akbari et al. 135m? 16 trees (eight were 6 mtall 396 0.8 N/A N/A
(1997) (1453 ft?) and eight were 2.4 m tall)/ (29.0%) (22.0%)
[Experiment] property on the west and
south walls of a house

Simpson & 139m? Three trees with 7.3-m 513 0.74 180 N/A
McPherson (1500 ft?) (24-ft) crown diameter/ (34.0%) (23.0%) (11.9%)
(1996) property; two on the west,

[Simulation]

one on the east
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Summary of factors associated with long-
term mortality of Sacramento Shade trees

Higher mortality was associated with:

» During the establishment phase
V greater number of treedelivered
V Planting in backyards (vs. front yards)
V Low and high neproperty valuey.s medium NPV)

* The overall/ posestablishment phase
V smallmaturesize
V properties with veryinstablehomeownership

Ko et al. (2015b)



Conclusion:
Implications for urban greening and planning

Trees do save energy.

Trees save more energy as they survive longer.

Increasing survivorship is the key.

http://leaflimb.com/

Empirically-driven monitoring is essential for data-driven
urban forest planning and management.

Incorporating social-ecological dynamics, long-range, strategic
tree planting as green Infrastructure planning is imperative.

Ko et al. (forthcoming, June 2016)
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