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Purpose |

The purpose of this analysis is to quantify benefits and costs associated with the proposed
“Trees for a Green LA” shade tree planting program developed by the Los Angeles
Department of Water and Power (LADWP) and delivered through the Los Angeles
Conservation Corps (LACC).

Assumptions

We assume that 200,000 trees (5 gal) are planted in fall 2001 at a unit cost of $40. In reality,
these trees will be planted over two years. Our assumption simplifies the analysis without
compromising its accuracy. The 30-year stream of benefits associated with air conditioning
savings are calculated assuming: ) '

» 70% of the trees planted survive after 30 years,

* 95% are planted in single family residential yards and 5% in parks and open space where
trees do not shade buildings, .

* 60% are planted in inland areas, where cooling loads and air conditioner saturations are
greater than in coastal areas, where the remaining 40% are assumed to be planted,

* and residential plantings are evenly distributed to shade the east, south, and west sides of
homes.

The present value of energy benefits are calculated assuming constant avoided costs
($0.04/kWh) and rates for inflation (2.5%) and discounting (5.8%). The present value of other




benefits and costs produced by program trees are estimated using readily available
information for trees planted in coastal and inland valley communities. These ancillary benefits
include atmospheric carbon dioxide reductions, air pollutant uptake by trees as well as
pollutants released by trees and equipment used to maintain trees, stormwater runoff
reduction due to canopy interception of rainfall, and aesthetic benefits.

Results

The present value of all benefits is $140 million, while costs total $8 million (see Table 2, page
3, Benefit-Cost Analysis Summary). The program’s discounted net present value is $132
million (benefits - costs). The benefit-cost ratio (BCR) is 17.5 assuming a 5.8% discount rate
and 2.5% inflation rate for all benefits. For each dollar spent on the program, approximately
$17.50 is returned as avoided costs for energy supply and air pollution control, as well as other
benefits produced by trees (e.g., stormwater runoff reduction, increased property value and
scenic quality, improved human health and well-being). _

Value of Energy Conservation Benefits -

If only energy conservation benefits for cooling are considered, the present value of benefits is
$11.4 million and the net present value is $3.37 million. The BCR is 1.4, indicating a return of
$1.40 on each $1 invested. Over the 30-year period, all trees are estimated to reduce cooling
energy use by 485 GWh. The average annual savings is 16,172 MWh/year, or 81 kWh per
tree planted. Because LADWP has excess capacity there is no value assigned to avoided
peak cooling demand due to program trees. Although winter shade from bare branches can
increase space heating costs, this penalty is assumed to be offset by reduced heating costs
associated with wind speed reductions and lower rates of air infiltration.

Value of Atmospheric Carbon Dioxide Reduction Benefits

Atmospheric carbon dioxide reduction is expected to total 870,282 tons. Average annual
reduction is 29,009 tons/year or 290 Ib per tree planted. The present value of this benefit is $1
million. Residential yard trees account for 95% of the trees planted, but are responsible for
96% of the CO, reduction benefits and 98% of thefenergy benefits because they produce
savings from shade on buildings.

Value of Air Quality Benefits

Benefits related to air quality improvements account for 66% ($92 million) of total benefits. This .
finding reflects the relatively high trading price for emission reduction credits during 2000 in the
South Coast Air Basin, as well as the effectiveness of trees for pollutant removal. Assuming
30% of the trees die over the 30-year period, the program is estimated to reduce by nitrogen
dioxide (NO,) by 5,204 tons, ozone (O,) by 1,906 tons, particulate matter (PM,,) by 1,869 tons,
sulfur dioxide (SO,) by 460 tons, carbon monoxide (CO) by 101 tons. The total present value
of benefits is greatest for reductions of O; ($40 million), NO, ($30 million), and PM,, ($21
million).

Hydrocarbons (HC) released into the air naturally by “low-emitting” trees and by chain saws
and chippers used to maintain trees are involved in smog formation. Approximately 1,018 tons
of HCs are estimated to be released over the 30-year period. The discounted cost of HCs
released is $2.9 million.




Value of Aesthetic and Other Benefits

The present value of aesthetic and other benefits is $27.3 million or about 20% of total
benefits. This amount reflects the contribution of trees to property value and is based on
research that found large front yard trees increase the sales price of residential properties by
about 1%. An average sales price of $199,000 is assumed for the LADWP service area.

Value of Stormwater Runoff Reduction Benefits

Stormwater runoff reduction due to program trees is estimated to total 9.2 million Ccf (hundred
cubic feet) during the 30-year period. The average annual reduction is about 1,500 gal per tree
planted. The present value of benefits is $8.6 million, largely due to benefits associated with
improved water quality rather than local flood control. -

Limitations

This analysis does not account for the variety of trees planted, energy efficiencies associated
with different building construction, and local climatic factors that influence space conditioning
energy use in the Los Angeles area. It applies the same growth and mortality rates to all trees
when variation can be expected across sites and throughout the region. Projected energy
savings and carbon dioxide sequestration rates are based on a limited set of single family
residential simulations that do not bound the range of conditions expected in Los Angeles. In

particular, there is much uncertainty associated with estimates of energy savings from climate
effects. '

Because of the many simplifying assumptions, extrapolations, and general lack of research
‘concerning urban trees and their impacts on climate and air quality, these results are
preliminary in nature. Estimates of pollutant deposition are first-order approximations that do
not consider geographic differences in tree cover and pollutant concentrations or local
meteorological effects. Uptake rates are based on data collected over rural forests, not cities.

Finally, it should be noted that estimating the value of aesthetic and other benefits is fraught

with uncertainty, since there is virtually no local data to adjust study results from other regions
ofthe US. - ' .




Appendix A: Modeling Procedures and Assumptions

This analysis assumes planting of 200,000 trees, with 190,000 located in residential yards-and 10,000 in°
parks or other open space where they will not shade buildings. Although trees will be planted over two
years, we assume all are planted in fall 2001 and that 70% of the originally planted trees survive the 30-
year analysis period. The annual mortality rate is 2% during the first five years, since losses are usually
greatest during the establishment period. A 1% annual mortality rate is assumed for the remaining 25
years. All costs ($40/tree, 5-gal) are incurred at the project outset, while benefits extend for 30 years,
from 2002 to 2031. Benefits are derived from previous studies for two species of large-growing trees: a
camphor (Cinnamomum camphora) in coastal Southern California and Shamel ash (Fraxinus uhdei) in
inland valley areas (McPherson et al. 2000, 2001). In those studies, street tree growth rates and
dimensions were measured in Santa Monica and Claremont. Hourly computer simulations were used to
calculate benefits from these tree species as they “grew” for 40 years after planting. Many of the
procedures and assumptions involved in these calculations are described in the following sections.

Air Cbnditioning Energy Savings

We assume that residential yard trees are within 60 ft (18 m) of homes so as to directly shade walls and
windows. Shading effects of these trees on building energy use are simulated for trees at 3 tree-building
distances following methods outlined by Simpson and McPherson (1996, 1999). The inland Shamel ash
is leafless Dec.- Jan and has a visual density of 80% during summer and 37% during winter. The coastal
camphor is evergreen, with a visual density of 80% all year. Simulation results for each tree were
averaged over distance and weighted by occurrence of Sacramento Shade trees within each of three
distance classes: 28% 10-20 ft (3-6 m), 68% 20-40 ft (6-12 m), and 4% 40-60 ft (12-18 m) (McPherson
and Simpson 1999). Results are reported for trees shading east-, south-, and west-facing surfaces and
we assume trees will be evenly distributed among these three orientations and between coastal and
inland sites. Based on data from Sacramento Shade, we assume that 23% of program trees will shade
neighboring homes, resulting in cooling savings equal to about 15% of that found for participant homes.
Our results for park trees assume that they do not provide shading benefits.

In addition to localized shade effects, lowered air temperatures and wind speeds from increased
neighborhood tree cover (referred to as climate effects) produce a net decrease in demand for summer
cooling (reduced wind speeds by themselves may increase or decrease cooling demand, depending on
the circumstances) and winter heating. To estimate climate effects on cooling energy use, air
temperature and wind speed reductions as a function of neighborhood canopy cover are estimated from
published values following McPherson and Simpson (1989). Existing canopy cover (trees + buildings) is
estimated to be 40%. Canopy cover is calculated to increase by 24% for large trees on maturity based on
an effective lot size (actual lot size plus a portion of adjacent streets and other rights-of-way) of 8,000 ft2
(743 m?), and assuming one tree per lot on average. Climate effects are estimated as described
previously for shading by simulating effects of wind and air temperature reductions on energy use.
Climate effects accrue to both park and yard trees.

The prototype building used as a basis for the simulations is typical of post-1980 construction practices,
and represents 20-40% of the total single family residential housing stock in Los Angeles communities.
This house is a two story, stucco, slab-on-grade building with a conditioned floor area of 2,070 ft2 (192
m?), window area (double-glazing) of 325 ft? (30 m?),and wall and ceiling insulation of R11 and R25,
respectively. The central cooling system has a seasonal energy efficiency ratio (SEER) of 10, and the
natural gas furnace an annual fuel utilization efficiency (AFUE) of 78%. Building footprints are square,
reflective of average impacts for a large building population (McPherson and Simpson 1999). Buildings
are simulated with 1.5-ft (0.45-m) overhangs. Blinds have visual density of 37%, and are assumed
closed when the air conditioner is operating. Summer thermostat settings are 78 °F (25 °C); winter
settings are 68 °F (20 °C) during the day and 60 °F (16 °C) at night. Because the prototype building is
more energy efficient than most other construction types our projected energy savings are relatively
conservative. The energy simulations rely on typical year climate data from LAX for coastal trees and
Riverside for inland trees.




Simulated annual cooling savings for 30-year old coastal yard trees ranged from 154-181 kWh/tree and
was 98 kWh for the park tree. In the warmer inland climate, yard tree savings ranged from 325-418
kWhitree and park trees saved 135 kWhtree. These values were adjusted downward to account for air
conditioner saturations and relative unit energy consumption of room air conditioning and evaporative
cooling (California Energy Commission [CEC] 2001). Weighted saturations were 16.6% and 59.1% for
the coastal and inland zones, respectively. This adjustment, along with the 15% adjustment to account
for shade on neighboring buildings, resulted in average annual savings of $140 kWh/ yard tree and 51
kKWHh/ park tree at 30 years after planting (45-ft tall tree). Annual benefits were linked to tree height
growth as a percentage of mature height at 30 years, since height is related to the amount of shade and
evapotranspirational cooling a tree produces (Simpson.

The dollar value of energy savings is based on a long-term average avoided cost of $0.04 per kWh
(Personal communication, Randy Howard, Manager of Commercial Services, LADWP). This analysis
assumes that trees will not have a net benefit or cost on space heating. The heating cost associated with
reduced winter solar access is assumed to be offset by the benefit of reduced wind speeds and heat loss
via air infiltration. :

Atmospheric Carbon Dioxide Reduction

Conserving energy in buildings results in reduced emissions of CO, at power plants. These avoided
emissions are calculated as the product of energy savings for cooling and the respective CO, emission
factors for electricity (Table 1). Emissions factors for electricity (U.S. EPA 1995) are weighted by the fuel
mix for Los Angeles Department of Water and Power (48% natural gas, 28% coal, and 28% other, the
latter assumed to have no emissions, CEC 1994). The value of CO, reductions (Table 1) is based on
limited trading of reduction credits (Cantor Fitzgerald Environmental Brokerage Services 2001). The
values for all other poliutants are based on costs associated with 168 emission reduction transactions in
the South Coast Air Basin during 2000 (California Air Resources Board 2001) =

‘Table 1. Emissions factors for electricity generation and implied values for CO, and criteria air polluténts

Electricity Implied value
lbs/kWh $/ton
Co, 0.9956 21
NO, 0.0023 39,3421
SO, 0.0017 14,076 7
PM,, 0.00017 21,1481
VOC's ' 0.00017 5,399 1

T California Air Resources Board 2001
1 Cantor Fitzgerald Environmental Brokerage Services 2001

Sequestration, the net rate of CO, storage in above- and below-ground biomass over the course of one
growing season, is calculated using tree height and dbh growth data for the coastal camphor and inland
Shamel ash. Biomass equations for camphor (Pillsbury et al. 1998) and Modesto ash (Fraxinus velutina
‘Modesto’) were used, the later substituted since equations were lacking for Shamel ash. Volume
estimates are converted to green and dry weight estimates (Markwardt 1930) and divided by 78% to
incorporate root biomass. Dry weight biomass is converted to carbon (50%) and these values are
converted to CO,. The amount of CO, sequestered each year is the annual increment of CO, stored as
trees add biomass each year

A national survey of 13 municipal forestry programs determined that the use of vehicles, chain saws,
chippers, and other equipment powered by gasoline or diesel results in the average annual release of
0.78 Ib of CO, / inch dbh (0.14 kg CO, / cm dbh) (McPherson and Simpson 1999). We use this value for
private and public trees, recognizing that it may overestimate CO, release associated with less
intensively maintained residential yard trees. To calculate CO, released through decomposition of dead
woody biomass we conservatively estimate that dead trees are removed and mulched in the year that
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death occurs, and that 80% of their stored carbon is released to the atmosphere as CO, in the same
year.

Air Quality Improvement

Reductions in building energy use also result in reduced emissions of air pollutants from power plants
and space heating equipment. Volatile organic hydrocarbons (VOC's) and nitrogen dioxide (NO,), both
precursors of ozone (O;) formation, as well as carbon monoxide (CO), sulfur dioxide (SO,), and
particulate matter of <10 micron diameter (PM,) are considered. Changes in average annual emissions
and their offset values are calculated in the same way as for CO,, again using LADWP emission factors
for electricity, with the value of emissions savings (Table 1) based on the price of emission reduction
credits for the South Coast Air Quality Management District.

Trees also remove pollutants from the atmosphere. The hourly pollutant dry deposition per tree is
expressed as the product of a deposition velocity Vy =1/(R+Ry+R,), a pollutant concentration C, a
canopy projection area CP, and a time step. Hourly deposition velocities for each pollutant are calculated
during the growing season using estimates for the resistances R., Ry, and R_ estimated for each hour
throughout a "base year" (1994) using formulations described by Scott et al. (1998). Hourly
concentrations for NO,, SO, and O, (ppm), daily total PM,, (ug —°, approximately every sixth day) were
obtained from the California Air Resources Board. We use implied values from Table 1 to value
emissions reductions; and the implied.value of NO, for ozone. Hourly meteorological data (e.g., air
temperature, wind speed, solar radiation) for the coastal and inland sites were obtained from the
California Department of Water Resources.

Annual emissions of biogenic volatile organic compounds (BVOC) were estimated for the low-emitting
camphor and Shamel ash using the algorithms of Guenther et al. (1991, 1993). Annual emissions were
simulated during the growing season over 15 years. The emission of carbon as isoprene is expressed as
a product of a base emission rate adjusted for sunlight and temperature (ug-C g dry foliar biomass hr)
and the amount of (dry) foliar biomass present in the tree. Monoterpene emissions are estimated using a
base emission rate adjusted for temperature. The base emission rates for the species were based upon
values reported in the literature (Benjamin et al. 1996). Both species are defined as “low emitters”
because they emit little (<0.01 ug-C g dry foliar biomass hr) or no BVOCs. We, however, assigned a
total base emission rate of 0.1 ug-C g** dry foliar biomass hr" (i.e., 0.04 each for isoprene and
monoterpene and 0.02 for other VOCs) to both species. This total-base-emisston-rate-is-approximatety
mid-range for the “low emitter” category. Hourly emissions were summed to get monthly and annual
emissions. Annual dry foliar biomass was derived from field data collected in Santa Monica and
Claremont. The amount of foliar biomass present for each year of the simulated tree’s life was unique for
each species.

Net air quality benefits were calculated by subtracting the costs associated with BVOC emissions from
benefits due to pollutant uptake and avoided power plant emissions. These calculations do not take into
account the ozone reduction benefit from lowering summertime air temperatures, thereby reducing
hydrocarbon emissions from anthropogenic and biogenic sources. Simulation results from Los Angeles -
indicate that ozone reduction benefits of tree planting with “low-emitting” species exceed costs
associated with their BVOC emissions (Taha 1 996).

Rainfall Interception By Tree Canopies and Stormwater Runoff Reduction

A numerical simulation model is used to estimate annual rainfall interception (Xiao et al. 1998). The
interception model accounts for water intercepted by the tree, as well as throughfall and stem flow.
Intercepted water is stored temporarily on canopy leaf and bark surfaces. Once the leaf is saturated, it
drips from the leaf surface and flows down the stem surface to the ground or evaporates. Tree canopy
parameters include species, leaf area, shade coefficient (visual density of the crown), and tree height.
Tree height data are used to estimate wind speed at different heights above the ground and resulting
rates of evaporation. The volume of water stored in the tree crown is calculated from crown projection
area (area under tree dripline), leaf area indices (LAI, the ratio of leaf surface area to crown projection
area), and water depth on the canopy surface. Species-specific shade coefficients and tree surface
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saturation (0.04 inch or 1 mm for all 3 trees) values influence the amount of projected throughfall. Hourly
meteorological and rainfall data from the California Irrigation Management Information System (CIMIS)
are used for this simulation. A more complete description of the interception model can be found in Xiao
et al. (1998). :

To estimate the value of rainfall intercepted we consider current expenditures for flood control and
sanitary waste treatment. During small rainfall events, excess capacity in sanitary treatment plants can
be used to treat stormwater. In the Los Angeles region it costs approximately $1.37 / Ccf (30.00183/ gal)
to treat sanitary waste (Condon and Moriarty 1999). We use this price to value the water quality benefit
of rainfall interception by trees because the cost of treating stormwater in central facilities is likely to be
close to the cost of treating an equal amount of sanitary waste. To calculate water quality benefit the
treatment cost is multiplied by gallons of rainfall intercepted after the first one-tenth inch has fallen for
each event (24-hr without rain) during the year. The first one-tenth inch (0.025 mm) of rainfall seldom
results in runoff. Thus, interception is not a benefit until precipitation exceeds this amount.

As part of the TreePeople’s program called T.R.E.E.S. (Trans-agency Resources for Environmental and
Economic Sustainability) it was determined that over $50 million ($500,000 / sq mile) is spent annually
controlling floods in the Los Angeles area (Condon and Moriarty 1999). We assume that rainfall
interception by tree crowns will have minimal effect during very large storms that result in catastrophic
flooding of the Los Angeles River and its tributaries (133-year design storm). Although storm drains are
designed to control 25-year events, localized flooding is a problem during these smaller events.
Following the economic approach used in the T.R.E.E.S. cost-benefit analysis, we assume that $50
million is spent per year for local problem areas and the annual value of peak flow reduction is $500,000
per square mile for each 25-year peak flow event (Jones & Stokes Associates, Inc. 1998). A 25-year
winter event deposits 6.7 inches (169 mm) of rainfall during 67 hours. Approximately $0.0054 / gal
($1.44 / m®) is spent annually for controlling flooding caused by such an event. This price is multiplied by
the amount of rainfall intercepted during a single 25-year event to estimate the annual flood control
benefit. Water quality and flood control benefits are summed to calculate the total hydrology benefit.

Aesthetics and Other Benefits

Many benefits attributed to urban trees are difficult to translate into economic terms. Beautification,
privacy, wildlife habitat, shade that increases human comfort, sense of place and well-being are products
that are difficult to price. However, the value of some of these benefits may be captured in the property
values for the land on which trees stand. To estimate the value of these “other” benefits we apply results
of research that compares differences in sales prices of houses to statistically quantify the amount of
difference associated with trees. The amount of differenee in sales price should reflect the willingness of
buyers to pay for the benefits and costs associated with the trees. This approach has the virtue of
capturing what buyers perceive to be as both the benefits and costs of trees in the sales price. Some
limitations to using this approach for the present study include the difficulty associated with 1)
determining the value of individual trees on a property, 2) the need to extrapolate results from studies
done years ago in the east and south to California, and 3) the need to extrapolate results from front yard
trees on residential properties to trees in other locations (e.g., back yards and parks).

Anderson and Cordell (1988) surveyed 844 single family residences and found that each large front-yard
tree was associated with a $336 increase in sales price or nearly 1% of the average sales price of
$38,100 (in 1978 dollars). We use this 1% of sales price as an indicator of the additional value a Los
Angeles resident would gain from sale of residential property with a large tree. The sales price of
residential properties within the LADWP service area varies widely by location. For example, 2000
median home prices ranged from $125,000 in South Los Angeles to $650,000 in West Los Angeles
(California Association of Realtors 2000). In 2000 the median home price for 8 communities in the
LADWP service area was $199,000 (California Association of Realtors 2000). The value of a large tree
(45-ft tall, 40 years old) that adds about 1% to the sales price of such a home is $1,755.

To calculate the base value for a large tree on private residential property we assume that a 40-year old
camphor or Shamel ash tree in the front yard will increase the property’s sales price by $1,755.
Approximately 75% of all yard trees are in backyards (Richards et al. 1984). Lacking specific research
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findings, we arbitrarily assume that backyard trees have 75% of the impact on “curb appeal” and sale
price compared to front yard trees. We assume that the average annual aesthetic benefit for a yard and
park tree is $0.16 / ft2 of leaf area ($1.72/ m?. To estimate annual benefits this value is multiplied by the
amount of leaf surface area added to the tree during one year of growth.

Program Costs and Benefits

The program cost is $40 per tree planted, or $8 million assuming 200,000 trees are planted in fall 2001.
This $40 value includes costs of the trees, stakes, mulch, and follow-up care, monitoring, program
administration, educational services, and media relations. Residents who receive trees will be
responsible for planting, subsequent tree care, and related expenditures (irrigation, pruning, and
removal). Because these are not LADWP program costs they are not included in this analysis. Since the
entire expenditure occurs at the outset, there is no future stream of costs to discount and the present
value of costs is $8 million. ’ )

To capture the value of all annual benefits B we sum each type of benefit as follows:
B=E+AQ+CO,+H+A

where
E = value of net annual cooling energy savings
AQ = value of annual air quality improvement (pollutant uptake, avoided power
plant emissions, and BVOC emissions)
CO, = value of annual carbon dioxide reductions (sequestration, avoided
emissions, release due to tree care and decomposition)
H = value of annual stormwater runoff reductions (water quality and flood
control)
A = value of annual aesthetics and other benefits,

The stream of benefits occurs over a 30-year period, from 2002-2031. Prices of benefits are increased
annually assuming a 2.5% inflation rate. Future benefits are discounted to the present using a 5.8%
interest rate (Personal communication, Randy Howard, Manager of Commercial Services, LADWP).
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