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Energy-Saving Potential of Trees in Chicago 
E. Gregory McPherson, Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Davis, CA 

Abstract 
Parametric computer simulations of microclimates and 
building energy performance were used to investigate the 
potential of shade trees to save residential heating and 
cooling energy use in the City of Chicago. Prototypical build- 
ings included one-, two-, and three-story brick buildings similar 
to residences in the Chicago area, and one-and two-story 
wood-frame buildings representing suburban construction. 
To validate the energy performance of prototypes, building 
performance indices of reference buildings were calculated, 
in some cases using whole-house metered data, and com- 
pared with indices of 



Scattered trees throughout a neighborhood increase surface 
roughness, thereby reducing windspeeds by as much as 50 
percent (Heisler 1990). Trees and shrubs located slightly 
upwind of buildings provide additional protection that reduces 
the amount 



Table 1 .-Base case building characteristics and Micropas simulation assumptions 

Construction type 

Date built 

No. units (occupants) 
Floor area (@) 
Volume (e) 
Front orientation 

Window area (it2) 
North 
East 
South 

West 

Total 
floor area (%) 

Window panes (No. and u-value) 
Window shading ~ o e f . ~  

Glass only 
Drapes or blinds 

Duct insulation (R-value) 
Duct 

CVCrawl 
Wall insulation (R-valuelb 

Attic insulation (R-valuelb 
Crawlspace/basement 

Floor (R value) 

Stem wall (R value) 
Air exchange 

Ventilation ( a ~ h ) ~  
Infiltration (achld 

Local shielding classd 

Latent heat fraction 
Glazing obstructiona 

Wind 

Wind 



5. Two-story wood frame. One household, three occupants, 
1,761 ft2 (1 64 me) of floor area, constructed during 1990's 
with 2 by 4-inch (5 by 10-cm) studs on 16-inch (40 cm) 
centers, hardboard siding, sheathing, insulation, and drywall 
(R-13), drywall ceiling below an unheated attic with 6 inches 
of attic insulation (R-30), wood floor over enclosed unheated 
basement with 4 inches of insulation (R-11), double-pane 
metal slider windows with storms, and very efficient heating 
and cooling equipment. 

Calibration 
To ensure that the energy performance of each base case 
building is reasonably similar to actual buildings in Chicago, 
building performance targets were established with data from 
real reference buildings. A close match between building 
performance of the base case building and its reference 
indicates that simulations produce realistic data on energy 
use. To achieve similitude, various input parameters for 
each base case building are adjusted in an iterative process. 
Comparisons of similitude are made using a Heating Perfor- 
mance lndex (HPI) and Cooling Performance lndex (CPI) 
that partially normalize for different weather conditions and 
building sizes (Mahajan et al. 1983). The HPI and CPI are 
calculated as: 

HPI = Btu I HDD 1 FA CPI = Wh I CDD / FA 

where Btu = British thermal units of natural gas consumed 
for space heating, Wh = watt-hours of electricity consumed 
for air conditioning, HDD = heating degree-days-(one HDD 
accumulates for every degree that the mean outside tem- 
perature is below 



Table 2.-Number of heating and cooling degree-days for Chicago 

Period Heating degree-days Cooling degree-days 

April 1 991 - March 1992 5.928 1.154 
April 1993 - March 1993 6,746 457 
Average annual (1 991 -93) 6,337 806 
30-vear normal 6,455 740 

trees. Therefore, street trees located 20 to 35 ft (6 to 11 m) 
from the front of buildings are a major source of shade. In 
suburban areas, larger lots and wider side yards provide 
more opportunities for locating trees to 



Table 3.-Tree dimensions for shading scenarios in feet 

Building Crown diameter Bole height Crown height Tree height 

Brick buildings 
Small 12 6 18 24 

Medium 24 8 28 36 
Large 36 12 38 50 

Wood buildings 
Yr. 5 13 4 9 13 

Yr. 10 19 6 13 19 

Yr. 15 24 6 18 24 
Yr. 20 25 6 19 25 

m m m  

m m m  

Figure 1 .-Plan view and section showing simulated tree growth over the 20-year period for 
two trees opposite the west wall and one opposite the east wall of the two-story wood-frame 
base case building. 
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the role of any single tree. Yet, they are important because 
their effect can be substantial (Akbari et al. 1992; Huang et 



Micropass Simulations 
Effects of air temperature and reductions in windspeed are 
simulated separately with Micropas. The combined savings 
due to direct and indirect effects of trees is calculated by 
adding the savings due to shade, ET cooling, and wind 
reductions. Simulations were run to determine if there were 
interactions among these three factors, but none were ob- 
served. The presence of tree shade had little effect on the 
indirect effects and indirect effects did not alter the impact of 
shade. Savings due to ET cooling and wind shielding are 
calculated on a per-tree basis as one-third of the savings 
attributed to a 10-percent increase in tree cover associated 
with the addition of three trees. Savings from shade cast by a 
tree on the west wall 



Heating 0 Cooling 

Figure 3.-Simulated annual heating and cooling costs are shown for 
each base case building, where the number corresponds to the number 
of stories and the letter corresponds to the brick building's front orienta- 
tion (e.g., l - N  is one-story brick building facing north, l-Wood is the one- 
story wood-frame base case). For comparison, average costs per 
Chica~o household have been extrapolated for buildings with one, two, 
and six dwelling units. 

heating costs (Figure 4a). Street trees usually are too far 
from the building to block much summer irradiance, so cool- 
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energy each year for space heating and cooling, and re- 
ceives 30 to 45 less energy savings from shade. Despite 
differences in energy consumption and absolute savings 
between the two building types, savings in air-conditioning 
energy as a percentage are simile 
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Table 5.-Per-tree 
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Figure 8.-Annual savings in heating 



high rates of air infiltration, and inefficient heating equipment 
(Table 1). This means that trees in Chicago not only can 
mitigate summer heat islands but also provide sizable an- 
nual savings in heating energy, especially for older buildings 
in areas where tree cover is relatively sparse. Since nearly 
every household in Chicago is heated with natural gas, sub- 
stantial heating savings could result from neighborhood tree 
plantings that increase tree cover by 10 percent or more. 

Effect of Trees on Peak Demand 
Trees can help defer the construction of new electric gener- 
ating facilities by reducing the peak demand for building air 
conditioning and shifting the hour of building peak to reduce 
the total system peak. Commonwealth Edison is a summer 
peaking utility, with electricity demand usually greatest in 
July or August. In 1992, peak demand for electricity occurred 
on July 22 (Claire Saddler,,Marketing, Commonwealth Edison, 
1993, pers. commun.). Electricity demand by residential cus- 
tomers peaked from 6 to 7 p.m. (7.64 GW), while the total 
system peak occurred at 4 p.m. (17.73 GW) (Figure 9). 
Midday peaking by commercial and industrial users shifted 
the system peak from late to mid-afternoon. 

The simulated peak demand for air conditioning for the two- 
story brick building is 10 to 11 kW between 3 and 5 p.m. 
Direct shading and indirect effects associated with a 10 
percent increase in cover reduce the peak demand by 2 kW 
(1 9 percent) at 5 p.m. The effect of trees is to shave the peak 
between 4 and 6 p.m. and to shift the building peak from 5 to 
3 p.m., or 1 hour before the system peak. A similar peak 
savings is noted for the two-story wood-frame base case. 
Trees reduce the peak by 1 kW (20 percent) at 5 p.m., but 
the time of building peak remains 5 p.m. The brick building's 

responsiveness to tree shade and dry-bulb temperature de- 
pression between 4 and 6 p.m. is largely due to its relatively 
large amount of west-facing window area (25 percent of net 
wall area) and low amount of insulation compared to the 
wood-frame building. 

Cost-Effectiveness of Shade Trees in Chicago 
Utilities apply economic analyses to determine if conserva- 
tion measures such as shade trees can meet their need 
for clean and efficient power as cost-effectively as other 
supply-side and demand-side options. Tree planting and 
care programs sponsored by electric utilities in Washington, 
D.C., Minnesota, Iowa, Arizona, and California suggest 
that shade-tree programs can be cost-effective in certain 
markets. Simulation results for Chicano indicate that trees 
near residential buildings can produce substantial energy 
savings if selected and located judiciously. Although an ex- 
haustive accounting of all benefits and costs associated with 
a utility-sponsored shade tree program in Chicago is beyond 
the scope of this study, an initial analysis is undertaken. 

Assumptions 
This simplified analysis accounts for selected costs and 
benefits over 20 years associated with the planting and 
3-year follow-up care of "typical" trees near two "typical" 
buildings. The annual stream of benefits is derived from 
energy savings previously modeled around the two-story 
brick building (south-facing) and the energy-efficient two- 
story wood-frame building. It is assumed that the annual 
savings for the 20-year-old tree are 266 kwh (0.96 GJ) and 
0.64 kW for the brick building and 169 kwh (0.61) and 0.93 
kW for the wood building. The energy-savings pattern is 
linked to tree growth using an S-shaped growth curve for 
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Figure 9.-Commonwealth Edison profiles residential and total peak sum- 
mer demand for July 22, 1992, as well as simulated peak-day cooling 
electricity demand (July 1) for two-story brick (south facing) and two-story 
wood-frame base case buildings, with and without a deciduous tree. 
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Deciduous vines and shrubs can provide both summer shade 
and winter solar access. 

South shade can reduce summer peak cooling demand more 
than east shade, especially for taller residential and com- 
mercial buildings (McPherson and Sacamano 1992). How- 
ever, shade from trees located south of buildings in Chicago 
usually increases heating costs more than it reduces air- 
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produce, and costs associated with infrastructure repair, 
litigation, and program administration. When data from local 
sources were unavailable, it was necessary to use the best 
available data. As a result, some variables were excluded 
from this analysis (e.g., costs of litter clean-up and health 
care benefits and costs). Estimating the value of social, 
aesthetic, and economic benefits, called "other benefits" in 
this study, is uncertain because we have yet to identify the 
full extent of these benefits or their implications. Additional 
problems emerge since many 



different functions 



Table 2.-Estimated tree planting and management costs 

Tree location 
Cost category a Park Yard Street Highway Housing 
Planting 
Cost per tree (dollars) 470 250 1 62 250 150 

Pruning 
Cost per tree (dollars) 
Frequency (# in 30 yrs) 

Tree removal 
Cost per tree (dollars) 
Frequency (% removed) 

Stump removal 
Cost per tree (dollars) 
Frequency (% removed) 

Waste disposal 
Cost (dollars per ton) 

Infrastructure repair 
(dollars per tree per year) 
Walk, curb, gutter cost 0.62 0.62 2.49 0.25 0.62 
Sewer and water cost 0.38 1.15 0.76 0.12 0.76 



The annual litigation or liability costs associated with prop- 
erty damage from yard trees is assumed to be $0.50 per tree 
based on data from other cities (McPherson et al. 1993b). 

I Residential Street Trees 
Lnlcago s mureau UI rureslry I I I ~ I I I L ~ I I I ~  I I G Q I I ~  a I I ~ I I  I I I I I I IVI I  

trees along city streets and boulevards. It anticipates plant- 
ing 10,000 bare root trees each year for the next 5 years at 
an average planting cost of $162 each. Trees are typically 
12-feet tall (2-inches d.b.h.) when planted. Along streets the 
typical green ash is assumed to grow at an average annual 
rate of 0.67 feet (0.33-inch d.b.h.), reaching a height of 32 
feet (12-inches d.b.h.) 30 years after planting. It is assumed 
that 28 percent of the trees die during the first 5 years, with 
42 percent dying over the 30-year planning horizon. 

The Chicago Bureau of Forestry anticipates pruning street 
trees once every 6 years at an average cost of $97 per tree. 
All dead trees and their stumps are removed at a cost 
of $658 and $108 per tree, respectively. Nearly all of the 
removed wood is salvaged and used as mulch or compost. 
Roots of older street trees can cause sidewalk heaving that 
is costly to repair. In Chicago, costs for sidewalk repair are 
shared between the city and property owner. Approximately 
$3 million is spent annually for sidewalk repair (Ronny Eisen, 
City of Chicago Transportation Dept., 1993, pers. commun.). 
It is estimated that about $1 million is spent each year 
repairing sidewalk damage that is largely attributed to trees, 
or $2.1 8 each year per street tree. Data on the cost of curb 
and gutter repair due to tree damage are unavailable for 
Chicago but is asssumed to be 14 percent of sidewalk repair 
costs ($0.31 per tree per year) based on information from 
other cities (McPherson et al. 1993b). Based on data from 
several local sewer contractors, the estimated cost is $0.76 
per year per large tree. 

Data on litigation and liability costs are unavailable for Chi- 
cago, so costs are estimated as $1 annually per tree based 
on data from several other cities (McPherson et al. 1993b). 
The annual inspection cost is $0.35 per tree, while Bureau of 
Forestry program administration costs are included in the 
unit costs cited. Inspection costs cover time and expenses 
for personnel who regularly inspect trees, adjust staking, 
apply mulch, and perform other minor tree-care operations. 

Trees Along Highways 
The Chicago Gateway Green Committee is a nonprofit orga- 
nization that raises funds for tree planting and care. Gateway 
Green teams with Illinois Department of Transportation (IDOT), 
Hendricken The Care of Trees, City of Chicago, and local 
volunteers to plant and care for trees along major transporta- 
tion corridors. Recent plantings along the Kennedy Express- 
way and at the Ohio-Ontario-Orleans triangle demonstrate 
the success of this collaboration. IDOT is responsible for 
additional tree plantings associated with the reconstruction 
of 



windspeed. During winter, trees can conserve energy use for 
heating by lowering windspeeds and associated infiltration of 
cold outside air. However, even bare branches of deciduous 
trees can block winter sunlight and increase heating energy 
use (Heisler 1986). Results from energy simulations for a 
typical two-story brick building in Chicago (McPherson 1994: 
Chapter 7, this report) are used in this benefit-cost analysis. 
Specifically, a single deciduous tree 36 feet (1 1 m) tall and 
24 feet (7 m) wide was estimated to reduce annual air condi- 
tioning energy use by 266 kwh (0.96 GJ) and heating energy 
use by 4.42 MBtu (4.66 GJ). These base values represent 
maximum potential savings from a well-sited tree around a 
typical two-story residential building in Chicago. Reduction 
factors are applied to these base values to account for less 
than optimal shading and indirect effects, less than 100 
percent presence of air-conditioning and natural gas heating 
devices, and less than mature tree size (McPherson 1991). 
Electricity and natural gas prices are $0.12 per kilowatt-hour 
(kwh) and $5 per million Btu (MBtu). About 40 percent of all 
households in Chicago have central air conditioning, 36 per- 
cent have room air conditioning, and 93 percent use natural 
gas for space heating (Thomas Hemminger and Claire Sad- 
dler, Commonwealth Edison; Bob Pendlebury, People's Gas, 
1993, pers. commun.). Reduction factors that account for 
less than optimal tree placement with respect to buildings are 
based on personal observation of tree locations in Chicago 
and a previous study (McPherson 1993) (Table 3). 

Air Quality Improvement 
Although the ability of urban greenspace to mitigate air pollu- 
tion through particulate interception and absorption of gases 
is recognized by many, few studies have translated this 
environmental control function into dollars and cents. This 
study uses an approach similar to that used previously by 
Chicago Urban Forest Climate Project (CUFCP) scientists to 
model the value of improvements in air quality from trees in a 
portion of Lincoln Park (McPherson and Nowak 1993). This 



Table 4.-Assumptions for estimating implied value of air quality improvement 

Item P M ~ O  0 3  NO2 SO2 co 

Deposition velocity (cmlsec) 0.60 0.45 0.40 0.66 0.0006 03 



vation, water-quality effects, increased human thermal com- 
fort, and wildlife habitat. Although such benefits are more 
difficult to quantify than those described previously, they 
can be just as important. 

Research shows that humans derive substantial pleasure 
from trees, whether it be feelings of relaxation, connection to 
nature, or religious joy (Dwyer et al. 1992). Trees provide 
important settings for recreation in and near cities. Research 
on the aesthetic quality of residential streets has shown that 
street trees have the single strongest positive influence on 
scenic quality. 

Research comparing variations in sales prices over a large 
number of residential properties with different tree resources 
suggests that people are willing to pay 3 to 7 percent more 
for residential properties with ample tree resources versus 
few or no trees (Morales et al. 1983; Payne 1973). One of the 
most comprehensive studies of the influence of trees on 
residential property values was based on actual sales prices 
for 844 single-family homes in Athens, Georgia (Anderson 
and Cordell 1988). Each large front-yard tree was associ- 
ated with about a 1-percent increase in sales price ($336). A 
value of 9 percent ($15,000) was determined in a U.S. Tax 
Court case for the loss of a large black oak on a property 
valued at $1 64,500 (Neely 1988). 

Several approaches can be used to estimate the value 
of "other" benefits provided by trees. The hedonic pricing 
approach relies on differences in sales prices or property 
values of similar houses with good tree cover and no or little 
tree cover. The dollar difference should reflect the willingness 

of buyers to pay for the economic, social, and environmental 
benefits that trees provide. Some limitations to using this 
approach for this study include the difficulty associated with 
determining the value of individual trees on a property; the 
need to extrapolate results from studies done years ago in 
the east and south to Chicago; and the need to extrapolate 
results from trees on residential properties to trees in other 
locations (e.g., streets, parks, highways, public housing). 

A second approach is to estimate the compensatory value 
of a tree using techniques developed by the Council of 
Landscape and Tree Appraisers and described by Neely 
(1992). Tree valuation is used by appraisers to calculate the 
replacement cost of a tree of similar size and kind as one 
that has been damaged or destroyed. The replacement value 
of smaller trees is estimated using local market prices for a 
transplantable tree of similar size and species. For larger 
trees, a basic value is calculated based on the local market 
price for the largest normally-available transplantable tree. 
This value is then adjusted downward to account for the 
species, condition, and location. A trunk adjustment factor is 
applied to trees larger than 30 inches d.b.h. based on the 
premise that a mature tree will not increase in value as 
rapidly as its trunk area will increase (Figure 1). 

A good overview of the tree valuation method is provided by 
Miller (1 988). The approach is used with street tree inventory 
data to estimate the asset value of street tree populations. 
The tree valuation was used in an economic analysis of the 
optimum pruning cycle for Milwaukee, Wisconsin by compar- 
ing the marginal cost of pruning to its marginal return (Miller 
and Sylvester 1981). Street tree 



pruning intervals and tree condition were used with regression 
analysis to determine relations between pruning and condi- 
tion class. Marginal costs were calculated as the loss 
in tree value associated with lower condition classes and 
extended pruning cycles. Thus, Miller and Sylvester (1981) 
applied the tree valuation formula to estimate the economic 
value of benefits forgone as tree condition deteriorates. This 
study adopts a similar approach to estimate the total value of 
benefits trees produce at a given time. Then the value of 
energy, air quality, carbon, and hydrologic benefits are sub- 
tracted from this total to calculate the remaining "other ben- 
efits". Tree replacement value (Neely 1988) is estimated as: 

Replacement Value = Basic Value x Species Factor x 
Condition Factor x Location Factor 

where Basic Value = $27 x (0.789 x dn) and d is tree d.b.h. in 
inches. Because in this analysis benefits begin accruing in 
1992, basic value is calculated using $27 per square inch of 
trunk area, the value used in 1992 (Neely 1988). Currently, it 
costs about $33 to $35 per square inch of trunk area to 
purchase and install a typical 4-inch (10 cm) tree in the 
Chicago area (George Ware, Morton Arboretum, 1993, pers. 
commun.). Species and condition factors are assumed to be 
70 percent for all trees, corresponding with species that are 
fairly well adapted to local growing conditions and in fair to 
good condition (Table 3). Locations factors range from 65 
percent for highway and pubtic housing trees to 75 percent 
for street trees based on the site context, functional contribu- 
tion of trees, and likely placement (Table 3). 

As described previously, annual tree-replacement value is 
calculated as the incremental value associated with the yearly 
increase in trunk diameter of each age class. To avoid 
double-counting the environmental benefits already discussed 
(e.g., energy and carbon savings, improvement in air quality, 
hydrologic benefits), these benefits are totaled and subtracted 
from the incremental tree replacement value each year. Theo- 
retically, the amount remaining after the environmental ben- 
efits already accounted for are deducted represents the value 
of benefits such as aesthetic value, improved health, wildlife 
value, and social empowerment. 

Discount Rates 
C-BAT was designed to estimate annual costs and benefits 
over a 30-year period. This is long enough to reflect benefits 
from maturing trees and still be within the planning horizon 
of policymakers. With a tree-planting and care program, 
benefits and costs are incurred at various points in time. 
Because decisionmakers have other uses for the dollars that 
they invest in the tree program as well as the ones they 
receive, it is important that the analysis reflect the cost of 
other foregone investment opportunities. This usually is done 
by discounting all benefits and costs to the beginning of the 
investment period using a rate of compound interest. The 
discount rate incorporates the time value of money and 
inflation. The former refers to the fact that a dollar received in 
the future is worth less than one received in the present 
since the present dollar can earn interest. Inflation is the 
anticipated escalation in prices over time. For studies such 
as this, selecting a discount rate is problematic because 
the cost of capital for a municipality is different than for a 

resident or a nonprofit organization, all of whom are invest- 
ing in the planting and care of trees. The net present value 
(NPV) of investments will be higher for decisionmakers with 
lower discount rates, but lower for those who face a higher 
cost of capital. At higher discount rates, NPV decrease 



Results 

and Discussion Growth, Mortality, and Leaf Area Growth curves for the typical trees are shown in Figure 

2. The green ash in park, yard, and publc rhousing sites display similar growth rates. Growth rates for trees along highways and residential streets are slower because less favorable growing conditions are assumed. Mortality rates reflect anticipated loss associated with grow- ing conditions, care, and likely damage from cars, vandalism, 
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Figure 2. -Growth curves modeled for the typical green ash tree at each 
planting location. 
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Figure 3. -Projected number of live trees at each location, assuming planting and 
replacement during the first 5 years only. 
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Park - Yard + Street * Highway Housing 

Figure 4. -Projected leaf-surface area for trees at each planting location. 

discount rates, ranging from $638,153 at public housing sites 
with a 10 percent discount rate to $30.6 million for street 
trees with a 4 percent discount rate. At a 7 percent discount 
rate, the NPV of the entire planting (95,000 trees) is projected 
to be $38 million or about $402 per planted tree (Table 5). 
This means that on average the present value of the yield on 
investment in tree planting and care in excess of the cost of 
capital is $402 per tree. The NPV of street and yard trees is 
projected to be about $15 million each, while the NPV for 
park tree plantings is $5.6 million. The NPVs are lower for 
planting and care of trees along highways ($1.6 million) and 
at public housing sites ($1.2 million) because fewer trees are 
projected to be planted than in the other locations. 

The discounted benefit-cost ratio (BCR), or the present value 
of benefits divided by costs, is greater than 1.0 at all discount 
rates. The BCRs range from 1.49 for park trees with a 10- 
percent discount rate, to 5.52 for residential yard trees with a 
4-percent discount rate. At a 7-percent discount rate, the BCR 
for all locations is 2.83, meaning that $2.83 is returned for 
every $1 invested in tree planting and care in excess of the 7- 
percent cost of capital (Table 5). BCRs are projected to 
be greatest for residential plantings (3.5 for yard and public 
housing at 7-percent) and least for park trees f2.14), although 
actual BCRs will vary with the mix of species used and other 
factors influencing growth, mortality, and tree performance. 

Although NPVs and BCRs vary considerably with discount 
rate, these results indicate that economic incentives for 
investing in tree planting and care exist, even for 
decisionmakers who face relatively high discount rates. While 
the rate of return on investment in tree planting and care is 
less at higher discount rates, benefits still exceed costs for 
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this 30 year analysis. Given this result, a 7 percent discount 
rate is assumed for findings that follow. 

The estimated present value of total benefits and costs is 
$59 and $21 million, respectively (Tables 6 -7). Expenditures 
for planting alone are projected 



Table 6.-Projected present value of benefits for tree plantings in Chicago (30 year analysis, 7-percent discount rate, in 
thousands of dollars) 

Tree location 

Benefit category Park Yard Street Highway Housing Total 
Energya 

Shade 
ET cooling 
Wind reduction 
Subtotal 

Air qualityb 
PMlO 
Ozone 
Nitrogen dioxide 
Sulfur dioxide 
Carbon monoxide 
Subtotal 

Carbon dioxideC 
Sequestered 37 65 82 12 5 201 
Avoided 92 359 465 37 27 980 
Subtotal 129 424 547 49 32 1,181 

Iiydrologicd 
Runof[6q5ra.03932 Tc 2.1.87988 Tm
(Avoided )Tj
/T1_1 1 Tf
-0.0385 Tc 9.7-0. 0 0 196 0 02596 48 6.07 0 Td
(49 )Tj
-325 6 Tc 5.57059949 Tm
(92 )Tj
-7228 Tc 6.818549692 0 65 424 



Table 7.-Projected present value of costs for tree 



Park Yard Street Highway Housing 

Air Quality Carbon Dioxide 
Other 

Figure 6. -Present value of benefits per tree planted at each location, assum- 
ing a 30-year analysis period and 7-percent discount rate. 

et al. 199313). Generally, nonprofit tree groups have higher 
administrative costs than municipal programs using in-house 
or contracted services because of their small size and amount 
of funds spent organizing and training volunteers. These 
additional expenditures somewhat offset savings associated 
with reduced labor costs for planting and initial tree care 
compared to municipal programs. 

The projected present value of benefits per planted tree is 



Table 8.-Projected annual benefits produced 30 years 



slightly longer at the 10 percent discount rate (11 to 18 
years), and shorter at most locations with a 4-percent dis- 
count rate (9 to 13 years). 

Early payback at public housing sites can be attributed to 
several factors. Trees are projected to add leaf area at a 
relatively rapid rate due to low initial mortality and fast growth 
compared to trees at other locations. These trees are rela- 
tively inexpensive to plant and establish due to participation 
by residents and volunteers. Thus, the payback period is 
shortened because upfront costs, which are heavily dis- 
counted compared to costs incurred in the future, are low. 

Conclusions 
Are trees worth it? Do their benefits exceed their costs? If 
so, by how much? Our findings suggest that energy savings, 
air-pollution mitigation, avoided runoff, and other benefits 
associated with trees in Chicago can outweigh planting and 
maintenance costs. Given the assumptions of this analysis 
(30 years, 7-percent discount rate, 95,000 trees planted), 
the projected NPV of the simulated tree planting is $38 
million or $402 per planted tree. A benefit-cost ratio of 2.83 
indicates that the value of projected benefits is nearly three 
times the value of projected costs. 

In what locations do trees provide the greatest net benefits? 
Benefit-cost ratios are projected to be positive for plantings 
at park, yard, street, highway, and public housing locations 
at discount rates ranging from 4 to 10 percent. Assuming a 
7-percent discount rate, BCRs are largest for trees in resi- 
dential yard and public housing (3.5) sites. The following 
traits are associated with trees in these locations: relatively 
inexpensive to establish, low mortality rates, vigorous growth, 
and large energy saving. Because of their prominence in 
the landscape and existence of public programs for their 
management, street and park trees frequently receive more 
attention than yard trees. By capitalizing on the many oppor- 
tunities for yard-tree planting in Chicago, residents can gain 
additional environmental, economic, social, and aesthetic 
benefits. Residents on whose property such trees are located 
receive direct benefits (e.g., lower energy bills, increased 
property value), yet benefits accrue to the community as 
well. In the aggregate, private trees improve air quality, 
reduce stormwater runoff, remove atmospheric C02, enhance 
the local landscape, and produce other benefits that extend 
well beyond the site where they grow. 

How many years does it take before trees produce net 
benefits in Chicago? Payback periods vary with the species 
planted, planting location, and level of care that trees receive. 
C-BAT findings suggest that discounted payback periods for 
trees in Chicago can range from 9 to 18 years. Shorter 
payback periods are obtained at lower discount rates, while 
higher rates lengthen the payback periods. These payback 
periods compare favorably with those for similar plantings in 
other U.S. cities (McPherson et al. 1993b). ' 

What tree planting and management strategies will increase 
net benefits derived from Chicago's urban forest? Findings 
from the C-BAT simulations suggest several strategies to 
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maximize net benefits from investment in Chicago's urban 
forest. These concepts are not new and many currently 
are being applied in Chicago. Most of the following recom- 
mendations also have application in communities outside 
Chicago as well. 

1. Select the right tree for each location. Given that planting 
and establishment costs represent a large fraction of total 
tree expenditures, investing in trees that are well suited to 
their sites makes economic sense. Matching tree to site 
should take advantage of local knowledge of the tolerances 
of various tree species. Species that have proven to be well 
adapted should be selected in most cases, though limited 
testing of new introductions increases species diversity and 
adds new horticultural knowledge (Richards 1993). When 
selecting a tree an important first question is: will this tree 
survive the first 5 years after transplanting? A second ques- 
tion is: what are the long-term maintenance requirements of 
this tree and do they match the level of maintenance likely to 
be delivered? Fast starters that have short life spans or high 
maintenance requirements are unlikely to maximize net ben- 
efits in the long term. A third question is: what functional 
benefits does a tree produce and will this species provide 
them? For example, if summer shade and winter sunlight are 
desired benefits, then a "solar friendly" species should be 
given high priority (McPherson 1994: Chapter 7, this report). 

2. Weigh the desirabilit~ of controllina initial planting costs 
with the need to provide arowing environments suitable for 
healthv. lona-lived trees. Because the costs of initial invest- 
ments in a project are high, ways to cut up-front costs should 
be considered. Some strategies include the use of trained 
volunteers, smaller tree sizes, and follow-up care to increase 
survival rates. When unamended growing conditions are 
likely to be favorable, such as yard or garden settings, it may 
be cost-effective to use smaller, inexpensive stock that re- 
duces planting costs. However, in highly urbanized settings, 
money may be well spent creating growing environments 
to improve the long-term performance of trees. Frequent 
replacement of small trees in restricted growing space may 
be less economical than investing initially in environments 
conducive to the culture of long-lived, vigorous shade trees. 

3. Plan for long-term tree care. Benefits from trees increase 
as they grow, especially if systematic pruning and mainte- 
nance result in a healthy tree population (Miller and Sylvester 
1981). The costs of providing regular tree care are small 
compared to the value of benefits forgone when maturing 
trees become unhealthy and die (Abbott et al. 1991). Effi- 
ciently delivered tree care can more than pay for itself by 
improving health, increasing growth, and extending longevity. 
A long-term tree care plan should include frequent visits to 
each tree during the first 10 years after planting to develop a 
sound branching structure and correct other problems, and 



initial estimates of the value of some of these benefits, as  
well as the costs. To  improve the health and increase the 
productivity of Chicago's urban forest will require increased 
support from agencies and local residents. lnformation from 
this chapter could b e  part of a public education program 
aimed at making more residents aware of the value their 
trees add to the environment in which they live. 
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Chapter 9 

Sustaining Chicago's Urban Forest: 
Policy Opportunities and Continuing Research 
E. Gregory McPherson, Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Davis, CA 
David J. Nowak, Research Forester, USDA Forest Service, Northeastern Forest Experiment Station, Chicago, IL 
Rowan A. Rowntree, Program Leader, USDA Forest Service, Northeastern Forest Experiment Station, Berkeley, CA 

Abstract 
Chicago's trees are a community resource that provide a 
myriad 





organizations use the Biogenic Emission Inventory System 
to estimate emissions of non-methane hydrocarbons as part 
of state implementation plans. 

Measuring and Modeling the Effect of Urban Trees 
on Microclimate 
Research continues to analyze microclimatic data collected 
at 39 sites to better understand tree influences on climate as 
a function of area-wide tree and building attributes, nearby 
tree and building characteristics, and general weather condi- 
tions. Validated mathematical models will predict how differ- 
ent building and tree configurations affect air temperature 
and wind speed in Chicago. Input for the models will consist 
of hourly weather data from an airport and estimates of 
characteristics of tree and building structure. The models will 
be applied to evaluate further how trees influence energy 
use in houses, air quality, and human comfort outdoors. 

Modeling the Effect of Urban Trees on Local Scale 
Hydroclima te 
This study continues to investigate relations between ob- 
served fluxes, in particular latent heat flux (energy going into 
evaporation) and sensible heat flux (energy going into warm- 
ing the air) with tree-cover density. A geographic information 
system, which has been developed, will provide a basis for 

interpreting the representativeness of flux measurements 
and for objectively determining model input for surface pa- 
rameters. Numerical boundary layer models will be used to 
predict the effects of different tree-planting scenarios on 
local scale energy and water exchanges. 

Landscape Carbon Budgets and Planning Guidelines 
This study quantifies landscape-related carbon storage and 
annual carbon fluxes for two residential blocks in Chicago. 
Landscape planting and management guidelines based on 
increased rates of carbon removal due to direct sequestra- 
tion by trees and reduction of indirect emissions associated 
with energy savings for residential heating and cooling will 
be presented. 

Use of Airborne Videography to Describe Urban 
Forest Cover in Oak Park, Illinois 
Computer image processing technologies provide new tools 
for assessing urban forest structure and health. This study 
compares data on land cover from two types of airborne 
videography in terms of accuracy, cost, and compatibility 
with geographic information systems. Information on forest 
cover obtained from black and white and color infrared pho- 
tographs also are being compared. Potential uses and limita- 
tions associated with each type of imagery will be outlined. 
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Table 1. -Average shading coefficients (percentage of 



Table 2. --Scientific names of tree species or genera 

Common name Scientific name Common name Scientific name 
Ailanthus Ailanthus altissima Magnolia Magnolia spp. 

Akler 
American elm 
Amur maple 
Apple 
Arborvitae 
Ash (other)= 
Austrian pine 
Basswood 
Beech 
Black locust 
Blue spruce 

Boxelder 
Buckthorn 



Table 3. -Tree composition in Chicago based on number and percentage of trees, and species dominance based on percentage 
of total leaf-surface area 

Tree population Species dominance 
Species Number SE Percent Rank Percent Rank 

Cottonwood 

Greedwhite ash 

American elm 

Prunus spp. 

Hawthorn 

Buckthorn 

Honeylocust 

Boxelder 

Mulberry 

Silver maple 

Notway maple 

Yew 

Ash (other) 

Ailanthus 

Crabapple 

Elm (other) 

Hackberry 

Chinese elm 

Blue spruce 

White oak 

Swamp white oak 

Siberian elm 

Walnut 

Honeysuckle 

Hickory 

Norway spruce 

Redtblack oak 

Basswood 

Arborvitae 

Shagbark hickory 

Linden 

Lilac 

Sugar maple 

Pear 

White pine 

Other 

Juniper 

Catalpa 

White spruce 

Austrian pine 
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Table 3.--continued 

Species 
Tree population Species dominance 

Number SE Percent Rank Percent Rank 

White birch 9,600 9,600 0.2 41 0.5 30 

Golden-rain tree 8,700 8,700 0.2 42 0.2 37 



Table 4. -Tree composition in suburban Cook County based on number and percentage of trees, and species dominance 
based on percentage of total leaf-surface area 

Tree population Species dominance 
Species Number SE Percent Rank Percent Rank 

Buckthorn 

Greedwhite ash 

Prunus spp. 

American elm 

Boxelder 

Hawthorn 

Alder 

Silver maple 

Redhlack oak 

Poplar (other) 

Black locust 

Slippery elm 

Cottonwood 

Sugar maple 

White oak 

Crabapple 

Honeylocust 

Mulberry 

Bur oak 

Norway map!e 

Basswood 

Juniper 

Arborvitae 

Shagbark hickory 

Blue spruce 

Willow 

Ash (other) 

Hickory 

Other 

Elm (other) 

Siberian elm 

Apple 
Maple (other) 

Norway spruce 

Lilac 

Dogwood 

River birch 

Swamp white oak 

Scotch pine 

Red maple 
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Table 5. -Tree composition in DuPage County based on number and percentage of trees, and species dominance based on 
percentage of total leaf-surface area 

Willow 

Boxelder 

Buckthorn 

Prunus spp. 

Greedwhite ash 

Cottonwood 

Hawthorn 

Shagbark hickory 

American elm 

Mulberry 

Redlblack oak 

Blue spruce 

Silver maple 

Bur oak 

Basswood 

Black locust 

Jack pine 

White oak 

Crabapple 

Walnut 

Arborvitae 

Norway maple 

Sumac 

Honeylocust 

Pin oak 

Elm (other) 



Table 5. --continued 

Tree population Species dominance 
Number SE Percent Rank Percent Rank 

Scotch pine 

Red maple 

Linden 
White birch 
Pear 
White spruce 

Hickory 
Yew 
Poplar (other) 
Viburnum 

D0Sw-c' 
Red spruce 

Amur maple 
Redbud 
River birch 
Russian olive 

Lilac 
Fir 
Euonymus 

Maple (other) 
Ash (other) 

Tuliptree 
Hemlock 

Horsechestnut 



Table 6. -Tree composition in study area based on number and percentage of trees, and species dominance based on 
percentage of total leaf-surface area 

Tree population 
Soecies Number SE Percent Rank 

Buckthorn 
Greedwhite ash 
Prunus spp. 
Boxelder 
American elm 
Hawthorn 
Willow 

Cottonwood 



Table 6. --continued 

Tree population Species dominance 

Species Number SE Percent Rank Percent Rank 

Dogwood 
Linden 

Red maple 
Scotch pine 
Maple (other) 

Sumac 
Austrian pine 

River birch 
White birch 

Red pine 
Pear 
White spruce 
Chinese elm 
Magnolia 

Ailanthus 
White pine 

Redbud 
Amur maple 

Ironwood 

Sycamore 
Catalpa 
Viburnum 
Russian olive 

Sassafras 
Fir 

Red spruce 

Euonymus 

Spruce (other) 

Horsechestnut 
White poplar 

Smoketree 
Tuliptree 

Larch 

Cypresskedar 
Oak (other) 
Kentucky coffeetree 

Lombardi poplar 
Hemlock 
Golden raintree 
Serviceberry 
Ginkgo 
Mountain ash 

Beech 3,400 2,900 0.0 84 0.0 82 
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Table 7. -Tree composition on institutional lands dominated by buildings in Chicago. DuPage County and entire study area (no 
trees were sampled for this land use in suburban Cook County) based on number and percentage of trees, and species 
dominance based on total leaf-surface area in each sector 

Species 
Tree population Species dominance 

Number SE Percent Rank Percent Rank 
CHICAGO 

Greenlwhite ash 45,600 45,600 62.5 1 36.8 2 
Honeylocust 18,200 18,200 25.0 2 24.5 3 
Hawthorn 9,100 9,100 12.5 3 38.6 1 

DUPAGE COUNTY 
White oak 14,300 14,300 25.0 1 60.0 1 
Cottonwood 14,300 14,300 25.0 1 35.4 2 
Boxelder 14,300 14,300 25.0 1 4.5 3 
Other 14,300 14,300 25.0 1 0.0 4 

STUDY AREA 
Greedwhite ash 45,600 45,600 35.0 1 8.5 4 
Honeylocust 18,200 18,200 14.0 4.5 



Table 8. -Tree composition on transportational lands in Chicago, DuPage County and entire study area (no trees were sampled 
on transportational lands in suburban Cook County) based on number and percentage of trees, and species dominance based 
on total leaf-surface area in each sector 

Tree population Species dominance 

Species Number SE Percent Rank Percent Rank 
CHICAGO 

Yew 86,700 86,700 38.5 1 25.2 2 
Greenlwhite ash 86,700 86,700 38.5 1 61.7 1 
Chinese elm 26,000 26,000 11.5 3 5.5 3 
Honeylocust 17,300 11,8DO 7.7 4 2.1 5 
Silver maple 8,700 8,700 3.8 5 5.5 4 



Table 10. -Tree composition on multifamily residential lands in Chicago, suburban Cook County, DuPage County, and entire 
study area based on number and percentage of trees, and species dominance based on percent of total leaf-surface area in 
each sector 

Tree population Species dominance 
Species Number SE Percent Rank Percent Rank 

CHICAGO 
Boxelder 
Cottonwood 
Greedwhite ash 
Honeylocust 
Crabapple 
Norway maple 

SUBURBAN COOK COUNTY 
Honeylocust 
Boxelder 
Lilac 
Blue spruce 
Norway maple 
Redblack oak 
Hawthorn 
Siberian elm 
Crabapple 
Mulberry 

DUPAGE COUNTY 
Blue spruce 
Crabapple 
Red pine 
Honeylocust 
Greedwhite ash 
White pine 
Austrian pine 
Scotch pine 
Jack pine 
Norway spruce 
Boxelder 
Hem3990i0 TB* -1uck0853 Td
(Hawth5]TJ
-0.037511TJ
0 M4001 0 Td
(mator )Tj
-.735751 Tc 5(other)8529 Td
(ash )T-.73575)Tj
-2.5681 --1.0574 53.24001 0

N o r i n e  

H a w t h i n e  s p r u c e  





Table 12. --Tree composition on vacant lands in Chicago, suburban Cook County, DuPage County, and entire study area 
based on top 20 species in number and percentage of trees, and species dominance based on percent of total leaf-surface area 
in each sector 

Tree population Species dominance 
S~ecies Number SE Percent Rank Percent Rank 

CHICAGO 
Cottonwood 
Ash (other) 
Elm (other) 
Walnut 
Mulberry 
American elm 
Buckthorn 
Greedwhite ash 
Ailanthus 
Chinese elm 
Hawthorn 
Poplar (other) 
Siberian elm 
Red maple 
Honeylocust 
Silver maple 

SUBURBAN 



Table 12. --continued 



Table 13. -Tree composition on residential lands in Chicago, suburban Cook County. DuPage County, and entire study area 
based on top 20 species in number and percentage of trees, and species dominance based on percent of total leaf-surface area 
in each sector 

Tree population Species dominance 
Soecies Number SE Percent Rank Percent Rank 

CHICAGO 
Greedwhite ash 
Mulberry 
Hone ylocust 
Norway maple 
Silver maple 
Prunus spp. 
Blue spruce 
Ailanthus 
American elm 
Swamp white oak 
Honeysuckle 
Ash (other) 
Crabapple 
Noway spruce 
Boxelder 
Yew 
Arborvitae 
Chinese elm 
Lilac 
Pear 
Cottonwood 
Sugar maple 
Linden 
White oak 
White birch 
Basswood 
Bur oak 

SUBURBAN COOK COUNlY 
Silver maple 
Greenlwhite ash 
Crabapple 
Buckthorn 
Prunus spp. 
Juniper 
Mulberry 
Arborvitae 
Blue spruce 
Norway maple 
American elm 
Honeylocust 
Siberian elm 
Boxelder 
Apple 
Norway spruce 
White oak 
Lilac 
Red maple 
Willow 
Sugar maple 
Other 
Hackberry 
Swamp white oak 
Catalpa 

Appendix A USDA Forest Service Gen. Tech. Reu. NE-186. 1994. 





Table 14. -Tree composition on institutional lands dominated by vegetation in Chicago, suburban Cook County, DuPage 
County, and entire study area based on top 20 species in number and percentage of trees, and species dominance based on 
percent of total leaf-surface area in each sector 

Tree population Species dominance 
Species Number SE Percent Rank Percent Rank 

CHICAGO 
Cottonwood 
American elm 
Hawthom 
Buckthorn 
Greedwhite ash 
Prunus spp. 
Boxelder 
Hackberry 
White oak 
Silver maple 
Redblack oak 
Siberian elm 
Crabapple 
Shagbark hickory 
Ash (other) 
Hickory 
Honeylocust 
Basswood 
Mulberry 
Other 
Linden 
Norway maple 
Sugar maple 
Swamp white oak 

SUBURBAN COOK COUNTY 
Buckthorn 
Prunus spp. 
Greedwhite ash 
Hawthorn 
American elm 
Alder 
Boxelder 
Redlblack oak 
Slippery elm 
Sugar maple 
Silver maple 
Bur oak 
Basswood 
White oak 
Cottonwood 
Shagbark hickory 
Hickory 
Elm (other) 
Black locust 
Ash (other) 
Norway maple 
Willow 
Pin oak 
Red pine 
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Table 14. --continued 

Tree ~ooulation Soecies dominance . . - - 

Species Number SE Percent Rank Percent Rank 
DUPAGE COUNTY 

Prunus spp. 
Boxelder 
Hawthorn 
Buckthorn 
Jack pine 
American elm 
Cottonwood 
Sumac 
Greenlwhite ash 
White oak 
Basswood 
Mulberry 
Bur oak 
Walnut 
Sugar maple 
Crabapple 
Honeylocust 
Arborvitae 
Scotch pine 
Viburnum 
Shagbark hickory 
Norway maple 
Siberian elm 

STUDY AREA 
Buckthorn 
Prunus spp. 
Hawthorn 
American elm 
Greedwhite ash 
Boxelder 
Alder 
Red/black oak 
Cottonwood 
Slippery elm 
Sugar maple 
White oak 
Silver maple 
Basswood 
Bur oak 
Shagbark hickory 
Hickory 
Elm (other) 
Jack pine 
Black locust 
Mulberry 
Norway maple 
Willow 
Walnut 
Pin oak 
Red pine 27.1 00 
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Table 15. -Distribution of tree diameters in Chicago, suburban Cook County, DuPage County, and entire study area, by land use 

0-7 cm 8-1 5 cm 1630 cm 31 



Table 16. -Distribution of tree condition in Chicago, suburban Cook County, DuPage County, and entire study area, by land use 

Excellent Good Moderate Poor Dying Dead 
Land use Percenta SE PenenP SE Percenta SE Percenta SE PemenP SE PercenP SE 

CHICAGO 
Agriculture 
CommerciaVindust. 
lnstitutional (bldg.) 
lnstitutional (veg.) 
Muhiresidential 
Residential 
Transportation 
Vacant 

SUBURBAN COOK COUNTY 
Agriculture 
CommerciaVindust. 
lnstitutional (bldg.) 
lnstitutional (veg.) 
Muhiresidential 
Residential 
Trans~ortation 
vacant 

Overall 

DUPAGE COUNTY 
Agriculture 
CommerciaVindust. 
lnstitutional (bldg.) 
lnstitutional (veg.) 
Muhiresidential 
Residential 
Transportation 
Vacant 

Overall 

STUDY AREA 
Agriculture 
Commercial/indust. 
lnstitutional (bldg.) 
lnstitutional (veg.) 
Muhiresidential 
Residential 
Transportation 
Vacant 9.3 2.2 62.5 4.7 13.2 3.0 5.5 1.4 1.8 0.5 7.7 1.8 

Overall 10.9 0.9 54.7 2.0 17.7 1.1 6.2 0.7 2.2 0.3 8.3 0.8 

a Percentage of landus populatbn in sector 



Table 17. -Distribution of ground-surface materials in Chicago, suburban Cook County, DuPage County, and entire study area. 
by land use 

Chicago Cook County DuPage County Study Area 
Surface type Percenta SE Percenta SE PercenP SE Percenp 



Table 17. --continued 

Chicago Cook County DuPage County Study Area 
Surface type PercenP SE PercenP SE PercenP SE PercenP SE 

COMMERCIAVINDUSTRIAL 
Tar 
Grass (maintained) 
Building 
Other impervious 
Rock 
Cement 
Other structure 



Table 17. --continued 

Chicago Cook County DuPage County Study Area 

Surface t v ~ e  PercenP SE PercenP SE PercenP SE PercenP SE 
VACANT 

Herbaceous 
Grass (unmaintained) 
Shrub 
Grass (maintained) 
Soil 
Duff 
Water 
Rock 
Tar 
Cement 
Wood 
Other structure 
Other impervious 
Building 

All surfaces 

RESIDENTIAL 
Grass (maintained) 
Building 
Tar 
Cement 
Other structure 
Shrub 
Soil 
Herbaceous 
Rock 
Other impervious 
Duff 
Water 
Grass (unmaintained) 
Wood - ~ - - ~  0.2 0.1 0.2 0.0 

All surfaces 100.0 100.0 100.0 100.0 

a Percentage of land-use population in sector. 
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Trees for Energy-Efficient Landscapes in Chicago 
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Trees for energy-efficient landscapes in the Chicago area 

Tree species Solar friendly 

Small (< 20 feet) 
Dogwood. Corneliancherry Cornus mas 
Filbert. European Cotylus avellana 
Hawthorn Crataegus spp. 

Cockspur C. CNS-galli 
Dotted C. punctata 
Downy C. molls 
Lavelle C. x lavallei 
VaugRn C. 'Vaughn' 
Washington C. phaenopyrum 



Trees for energy-efficient landscapes in the Chicago area (continued). 

Tree species Solar friendly Form Growth rate Longevity 

Large (s40 feet) 
Maple Acer spp. 

Balck A. nigrum Y 0 M L 
Norway A. platanoides Y R M L 

Oak Quercus spp. 
Bur 0. macrocarpa N B M L 
English 0 .  mbur N R M L 
Pin or Swamp Q. palustfls N P R L 
Red959 617.03937 207.1198 623.5294o4m
14.0209 0 Tdm7Rtf9778 Tc 9 0 0 8.625 7.03937 20u293. spp. spp1989.16209 -1.0853 Td
(Norway )Tj
-
ETmra.5601 0 Td
22AAS5 0 0 8Tdc29n8(Nor 57626.16028c8 404.6377br2lBT
/T1_0 1 Tf
0 Tc 9.875 0C9>6m899999999Tc 9.625 0 0 9 537.83905 626.16028 Tm
(L )3(Tc 9.625 0 0 9 537.84i576/t 2.5601 0 Td
(spp1989.1626m89999183Tc 9. 1 8 625g0 0 8.625 71.0.052(AAS5 0 3spp1989.1626m899995.375 0 0 8.875 198.2395 635.9995f
-052(AAS5 0 3sj
/T1_0 1 1110 1 Tf
9.5 0 0Sawtoot.625 470.15988 635.76007 Tm
(M  617.0 7188.376r )]Tj
-6150 095 635.99957 Tm
(0. )mp )Tj
ET
10
EMC 
 <</BBox [198.71959 617.0 718.2793 .0209 0 Tdm7Rtf9778 Tc 9 0 0 8.625 7.0C9>720 7188.376r 53.67)Tj
005.0401-1.0853 Td
(English )Tj
Epect <</BBox [209C9>720 718.2793 .020acutksim09 -1.0853 Td
(Norway )Tj
-
ET
/S79)Tj
ET
EMC 
BT
/38.7Tc 0.0 71875 0 057626Amacrocarpa )Tj
EEpect7T
EMC 
BT
/ 0 0.91.56 71875 0 05762P5 337.91968 635.76007 Tm
(N )Tj
/T1_1 1 Tf
8.6m8356 71875 0 057622 635.76007 Tm
(B )Tj
/T1_0625 470.1590 1 1367 1 Tf
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1 Appendix C 

1 Standard Reports for Brick Base Case Buildings 
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Annual Heating and Cooling Savings From Base Case 
Due to Shade 

Case Case 



Chicago, Illinois Energy Analysis 
Nat. Gas ($/them): 0.5 

1 Story. Brick Construction - 2.125 sq ft Residence (Front Facing East) Electricity ($/kwh): 0.12 
Deciduous tree, 364  tall and 244 crown spread, 22-fl away from building Avoided Peak Electricity ($/Avoid kW): 65 

Annual Unshaded Shade ET Reduced East Shade South Shade West Shade 
Energy Use Base Case East South West Cooling Wind + ET + Wind + ET + Wind + ET + Win 
Heat (MBtu) 170.10 171.11 171.57 170.43 170.10 162.49 
$ 850.50 855.55 857.85 852.15 850.50 81 2.45 
MBtu diff I tree -1.01 -1.47 -0.33 0.00 2.54 1.53 I .07 2.21 
$ diff / tree -5.05 -7.35 --l -95 0.00 f2.68 T.63 5.33 i 1 .03 
% d~ff I tree -0.60 -0.90 -0.20 0.00 1.49 0.89 0.59 1.29 

Cool (kwh) 1928 1831 1918 1854 1789 1909 
$ 231.37 21 9.74 230.19 222.49 214.65 229.02 
kWh diff I tree 97 10 74 46 7 150.00 63.00 127.00 
$ diff / tree 11.63 f -18 8.88 5.57 0.78 17.98 7.53 15.23 
% diff I tree 5.03 0.51 3.84 2.41 0.34 7088 Tm
(45c6 0Tc 11.1026 0 Td
(0.34 )Tj
-0.01 Tc79T
/T16.0435 Tc 4.5078 0 30.48077 Tm
11.047 0 Td
(0.78 )Tj
ET
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Chicago, Illinois Tree Shade Only 

I Story, Brick Construction - 2,125 sq fl Residence (Front Facing North) 

Source Energy Use (kBtul sq ft) Tree Height and Distance from Building 

East Tree 
Total Heating Use 
Total Cooling Use 



Annual Heating and Cooling Savings From Base Case 
Due to Shade from A Large Deciduous Tree - 22 ft Away 

- - 
East South West 

Heating Cooling i Total Savings 
1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing North) 

Annual Percentage Cooling Savings From Base Case 
Due to Shade from One Deciduous Tree 

V 

East South West 
2 4 4  tall, 12-ft away 3 6 4  tall, 22-ft away 
50-ft tall, 22-ft away 50-ft tall, 3 4 4  away 

1 Story, Brick Construction - 2,125 sq ft Residence (Front Facing North) 

Percentage Peak Cooling Savings From Base Case 
Due to Shade from One Deciduous Tree 

V 

East South West 
24-ft tall, 1 2 3  away 3643 tall, 2 2 3  away 
0 SO-ft tall, 2 2 4  away 



Chicago, Illinois Energy Analysis 
Nat. Gas ($ltherm): 0.5 

1 Story, Brick Construction - 2.125 sq ft Residence (Front Facing North) Electricity ($/kwh): 0.12 
Deciduous tree, 3 6 4  tall and 2 4 4  crown spread, 2 2 4  away from building Avoided Peak Electricity ($/Avoid kW): 65 

Annual Unshaded Shade ET Reduced East Shade South Shade West Shade 
Energy Use Base Case East South West Cooling Wind + ET + Wind + ET + Wlnd + ET + Wm 
Heat (MBtu) 173.36 174.49 174.60 173.55 173.36 165.70 
$ 866.80 872.45 873.00 867.75 866.80 828.50 
MBtu diff I tree -1.13 -1.24 -0.19 0.00 2.55 1.42 1 31 2.36 
$ diff I tree -5.65 -6.20 4.95 0.00 ?XT? T,12 8.57 11 82 
% diff I tree -0.70 -0.70 -0.10 0.00 1.47 0.77 0.77 1.37 

Cool (kwh) 1795 1690 1787 1759 1661 1776 
$ 215.45 202.76 21447 211.04 199.28 213.08 
kwh d~ff I tree 106 8 37 45 7 158.00 60.00 89.00 
$ diff I tree 7 2.69 0.98 4.41 5.39 0.79 1837 7.16 70.59 
% diff I tree 5.89 0.46 2.05 2.50 0.37 8.76 3.32 4.92 

Total (MBtu) 197.06 197.15 198.26 196.89 195.68 188.97 
$ 1082.25 1075.21 1087.47 1078.79 1066.08 1041 5 8  
MBtu diff I tree -0.09 -1.20 0.1 7 0.46 2.70 3.07 1.96 3.33 
$ diff 1 tree . T.04 -5.22. . 3 . 6 .  . - i'5,3;9: lZ.56 25.W 13.73 22.41 
% diff I tree -0.05 -0.61 0.09 0.23 1.37 1.55 0.99 1.69 

Peak Cool (kW 4.20 4 19 4.20 4.09 3.95 4.1 1 
Avoided $ 273.00 273.00 273.00 266.00 257.00 267.00 
Kw diff I tree 0.00 0.00 0.1 1 0.08 0.03 0.11 0.1 1 0 22 
Avoided $ diff I tree 0.W 0.00 7.00 5.33 2.00 7.34 7.33 14.33 
% diff I tree 0.02 0.00 2.60 I .96 0.64 2.62 2.60 5.20 

Annual Savings from Base Case - 1 uousTc 15.875 0 0 7 94.07261.839466509.28 eTc 11.13049 0T
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Chicago, Illinois Energy Analysis 
Nat. Gas ($/them): 0.5 

2 Story, Brick Construction - 3.562 sq R Residence (Front Facing East) Electricity ($/kwh): 0.12 



Chicago, Illinois Tree Shade Only 

2 Story, Brick Construction - 3,562 sq ft Residence (Front 



Annual Heating and Cooling Savings From Base Case 
Due to Shade from A Large Deciduous Tree - 22 ft Away 

40 

East South West 
Heating I$Sm Coolinp Total Savings 

2 Sto~y, Brick Construction - 3.562 sq ft Residence (Front Facing South) 

Annual Percentage Cooling Savings From Base Case 
Due to Shade from One Deciduous Tree 

15 

East South West 
2 4 4  tall, 1 2 4  away 36-ft tall, 2 2 4  away 
50-ft tall, 22-ft away 50-ft tall, 34-ft away 

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South) 

Percentage Peak Cooling Savings From Base Case 
Due to Shade from One Deciduous Tree 

East South West 
2 4 3  tall, 1 2 4  away 3 6 4  tall, 2 2 4  away 
SO-ft tall, 22-ft away 50-ft tall, 34-ft away 

2 Story, Brick Construction - 3,562 sq ft Residence (Front Facing South) 
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Chicago, Illinois Energy Analysis 
Nat. Gas ($ltherm): 0.5 

2 Story, Brick Construction - 3,562 sq R Residence (Front Facing South) Electricity ($/kwh): 0.12 
Deciduous tree, 36-fl tall and 24-R crown spread, 22-fl away from building Avoided Peak Electricity ($/Avoid kW): 65 

Annual Unshaded Shade ET Reduced East Shade South Shade West Shade 
Energy Use Base Case East South West Cooling Wind + ET + Wind + ET + Wind + ET + Win 
Heat (MBtu) 385.11 386.58 386.73 385.82 385.12 369.73 
$ 1925.55 1932.90 1933.65 1929.10 1925.60 1848.65 
MBtu diff I tree -1.47 -1.62 -0.71 0.00 5.13 3.66 3.51 4.42 
$ diff / tree -7.35 -8.10 . - --3.55 -0.02 25.63 18.26 



Chicago, Illinois Tree Shade Only 

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East) 

Source Energy Use (kBtul sq ft) Tree Height and Distance from Building 

Nat. Gas ($/them): 0.5 
Electricity ($/kwh): 0.12 

% Saved from Base Case 

East Tree 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
South Tree 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
West Tree 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 

Annual Energy Use 

East Tree 
Heating (kBtu) 
Cooling (kwh) 
South Tree 
Heating (kBtu) 
Cooling (kwh) 
West Tree 
Heating (kBtu) 
Cooling (kwh) 

. . - 
Small (24 ft) Med. (36 ft) Lame (50 fl) Large (50 ff) Small (24 ft) Med. (36 ft) Large (50 ft) Large (50 ft) 

Base case 12 ft Away 22 n Away 22 n Away 34 ft Away East Tree 12 ft Away 22 ft Away 22 n Away 34 n Away 
121.35 121.69 121.85 122.08 121.95 -0.28 -0.41 ' -0.6 -0.49 

11.37 
133.32 
16.1 5 

South Tree 
121.83 
11.79 

133.62 
16.15 

West Tree 
121.46 
11.57 

133.02 
1 5.86 - 

Tree Height and Distance from Building $ Saved from Base Case - 
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&om A Large Deciduous Tree - 22 ft Away 

3 0 

20 

2 10 

0 

-10 

-20 

Total Savings 
3 Story, Brick Construction - 6,048 sq ft  Residence (Front Facing East) 

Annual Percentage Cooling Savings From Base Case 
Due to Shade from One Deciduous Tree 

East South West 



Chicago, Illinois Energy Analysis 
Nat. Gas ($/them): 0.5 

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing East) Electricity ($/kwh): 0.12 
Deciduous tree, 364 tall and 24-ff crown spread, 22-ff away from building Avoided Peak Electricity ($/Avoid kW): 65 

Annual Unshaded Shade ET Reduced East Shade South Shade West Shade 
Energy Use Base Case East South West Cooling Wind + ET + Wind + ET + Wind 



Chicago, Illinois Tree Shade Only 

3 Story. Brick Construction 



Annual Heating and Cooling Savings From Base Case 
Due to Shade i?om A Large Deciduous Tree - 22 ft Away 

40 

-20 
East South West 

Heating Cooling 1 Total Savings 
3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South) 

Annual Percentage Cooling Savings From Base Case 
Due to Shade fkom One Deciduous Tree 

East South West 
2 4 3  tall, 1 2 4  away &% 36-ft tall, 2243 away 
50-ft tall, 22-ft away 5 0 4  tall, 344% away 

3 Story, Brick Constsuction - 6,048 sq ft  Residence (Front Facing South) 

Percentage Peak Cooling Savings From Base Case 
Due to Shade &om One Deciduous Tree 

East South West 
24-ft tall, 1243 away 3643 tall, 22-ft away 
50-ft tall, 22-ft away 5043 tall, 34-ft away 

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South) 
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Chicago, Illinois Energy Analysis 
Nat. Gas ($/them): 0.5 

3 Story, Brick Construction - 6,048 sq ft Residence (Front Facing South) Electricity ($/kwh): 0.12 
Deciduous tree, 36-ft tall and 24-ft crown spread, 224 away from building Avoided Peak Electricity ($/Avoid kW): 65 

Annual Unshaded Shade ET Reduced East Shade South Shade West Shade 
Energy Use Base Case East South West Cooling Wind + ET + Wind + ET + Wind + ET + Win 
Heat (MBtu) 711.70 714.52 714.23 712.38 71 1.71 680.68 
$ 3558.50 3572.60 3571.1 5 3561.90 3558.55 3403.40 
MBtu diff I tree -2.82 -2.53 -0.68 0.00 10.34 7.52 7.81 9.66 
$ diff I tree -14.f0 -12.8-5 -3.40 -0.02 53.70 37.58 39.03 48.28 
% diff / tree -0 40 -0.40 -0.10 0.00 1.45 1.05 1.05 1.35 

Cool (kwh) 7199 7055 71 83 7077 6696 7111 
$ 863.85 846.63 861.92 849.25 803.53 853.34 
kwh diff I tree 143 16 122 168 29 340.00 213.00 31 9.00 
$ diff 1 tree , 17.22 3.93 14.60 20.11 3.50 40.83 25.54 3821 
% diff / tree 1.99 0.22 1.69 2.33 0.41 4.73 2.96 4.42 

Total (MBtu) 282.35 282.85 283.21 282.16 280.55 270.86 
$ 4422.35 441 9.23 4433.07 441 1 .I 5 4362.08 4256.74 
MBtu diff I tree -0.50 -0.86 0.19 0.60 3.83 3 93 3.57 4.62 
$ diff I tree 3.f2 -10.72 1-I.u) 20.09 55.20 78.47 64.57 86.49 
% diff / tree -0.18 -0.31 0.07 0.21 1.36 1.39 1.27 1.64 

Peak Cool (kW 16.69 16.69 16.69 16.44 15.71 16.36 
Avoided $ 1085.00 1085.00 1085.00 1069.00 1021 .OO 1064.00 
Kw diff I tree 0.00 0.00 0.25 0.33 0.1 1 0.44 0.44 0.69 
Avoided $ diff I tree 0.00 0.00 16.00 21 -33 7.00 28.33 28 33 44 33 
% diff / 

/ 





Appendix D 

Standard Reports for Wood-Framed Base Case Buildings 
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Chicago, .Illinois Tree Shade Only 
1 Story - Wood Frame Residence (1,500 sq ft) 
Space Conditioning Source Energy Use (kBtul sq ft) 

Year 5 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
Year 10 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
Year 15 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
Year 20 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 

Annual Energy Use 

Year 5 
Heating (kBtu) 
Cooling (kwh) 
Year 10 
Heating (kBtu) 
Cooling (kwh) 
Year 15 
Heating (kBtu) 
Cooling (kwh) 
Year 20 
Heating (kBtu) 
Cooling (kwh) 

Base Case 1 Tree 
89.59 89.79 
20.07 19.68 
109.66 109.47 
7.43 7.03 

Base Case 1 Tree 
129735 130031 
294 1 2883 

Heating and Air Conditioning Hours of Use 

Year 5 Base Case I Tree 
Heating (hrs) 4081 4090 
Cooling (hrs) 1240 1232 
Year 10 
Heating (hrs) 4081 4099 
Cooling (hrs) 1240 1232 
Year 15 
Heating (hrs) 4081 4099 
Cooling (hrs) 1240 1232 
Year 20 
Heatina Ihrs) 4081 4099 

2 Tree 
89.83 
19.41 
109.24 
6.63 

89.96 
18.60 
108.55 
5.83 

90.03 
18.02 
108.05 
5.43 

90.09 
17.91 
108.00 
5.37 

2 Tree 
130093 
2843 

130271 
2724 

130384 
2640 

130466 
2624 

2 Tree 
4090 
1232 

4099 
1232 

41 I5 
1232 

41 15 

3 Tree 
89.92 
19-23 
109.15 
6.63 

90.1 1 
18.06 
108.17 
5.83 5.83 

108.001



Annual Dollar Savings From Base Case 

l Tree 2 Trees 3 Trees 
Yr. 5 (13 R) m Yr. 10 (19 A) Yr. 15 (24 A) Yr. 20 (25 ft) 

1,500 sf, I story  wood h e  home in Chiago 

Annual Space Conditioning Energy 
Year 20 -- 25 fi tree 

Base Case 1 Tree 2 Trees 3 Trem 
Heabng &ling 



Chicago, Illinois Energy Analysis 
1 Story - Wood Frame 1500 sq ft 

Nat. Gas ($ltherm): 0.5 
Electricity ($lkW h): 0.12 

Year 20 - 25 ft trees 

Annual Unshaded 
Energy Use Base Case 1 Tree 
Heat (MBtu) 129.74 130.22 
$ 648.70 651.10 
MBtu difT -0.48 
$ diff -240 
% diff -0.40 

Cool (kwh) 2941 2754 
$ 352.87 330.53 
k w h  diff 186 
$ diff 22.34 
% diff 6.33 

Total (MBtu) 164.49 163.08 
$ 1001.57 981.63 
MBtu diff 1.41 
$ diff 16.:94: 
% diff 0.86 

Peak Cool (kW 7.43 d i f f  

$ 1001.57 -0.40 d i f f  



Annual Dollar Savings From Base Case 
A 

-10 I---- 
Shade 1 -Tree Shade - 2 Trees Shade - 3 Trees ET Cooling Reduced Wind - Heating Coolins 

1,500 sS 1 story wmd b e  home im Chicago 

Annual Dollar Savinas From Base Case 

-10 v , 
Shade - 3 Trees ET Cooling Redufed Wind 

Heating 0 Cooling Toid 

Percentage Cooling (kwh) Savings From Base Case 
20 

Shade I - Tree . Shade - 2 Trees Shade - 3 Tees ET Cooling Reduced Wlnd 

Percentage Peak Cooling (kW) Savings From Base Case 
30 

25 

20 

z 
s 15 

10 

5 

0 
Shade I - Tree Shade - 2 Trees Shade - 3 Trees ET Cooling Reduced Wmd 
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Chicago, Illinois Tree Shade Only 
2 Story - Wood Frame Residence (1,761 sq ft) 
Space Conditioning Source Energy Use (kBtul sq ft) 

Year 5 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
Year 10 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
Year I 5  
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 
Year 20 
Total Heating Use 
Total Cooling Use 
Total Energy Use 
Peak Cool (kW) 

Annual Energy Use 

Year 5 
Heating (kBtu) 
Cooling (kwh) 
Year 10 
Heating (kBtu) 
Cooling (kwh) 
Year 15 
Heating (kBtu) 
Cooling (kwh) 
Year 20 
Heating (kBtu) 
Cooling (kwh) 

Base Case 1 Tree 2 Tree 3 Tree 
42.24 42.37 42.39 42.44 
10.80 10.66 10.57 10.53 
53.05 53.03 52.96 52.97 

5.10 4.93 4.78 4.78 

Base Case 1 Tree 2 Tree 3 Tree 
71538 71746 71793 71871 

1858 1834 1817 1811 

Nat. Gas ($ltherm): 0.5 
Electricity ($/kwh): 0.12 

% 



Annual Dollar Savings From Base Case 
35 

1 Tree 2 Trees 3 Trees 

Yr. 5 (13 ft) Yr. lo (19 ft) Yr. 15 (24 ft) Yr. 20 (25 A) 
1,761 sf, 2 sbo'y wood b e  home in Chicago 

Annual Space Conditioning Energy 
Year 20 -- 25 ft tree- 

fin / I 

Base Case 1 Tree Z Trees 
Heabng Cooling 

3 Trees 

Annual Cooling Savings from Base Case 

l Tree 2 Trees 3 Trees 

Yr 5 (13 A) Yr. 10 (19 ft) 0 Y Y ~  15 (24 A) Yr. 20 (25 ft) 

Peak Coolina Savinas from Base Case 
30 

25 

.E 20 

.A 

5 l5 

s 
10 

5 

0 
3 Trees 

YI. 5 (13 fi) Yr. 10 (19 ft) 
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Annual Dollar Savincrs From Base Case 

-10 , 
Shade - 1 Tree Shade - 2 Trees Shade - 3 Trees ET Coohg Reduced Wind 

HeafinB Cooling 
1,761 sf, 2 story wood h e  home in Chicago 

Annual Dollar Savings From Base Case 

-10 
/ 

Shade - 3 Trees ET Cooling Reduced Wind 

Heating Cooling T d  

Percentage Cooling (kwh) Savings From Base Case Tree 



Chicago, Illinois Energy 





1 Appendix E 
I 

Initial Analysis of the Cost-Effectiveness of Shade Trees in Chicago 

USDA Forest Service Gen. Tech. Rep. NE-186. 1994. Appendix E 
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CONOMIC ANALYSIS OF SHADE TREE PROGRAM IN CHICAGO, ILLINOIS 

Story Wood Frame Building (West-facing) Avoided kwh: $0.015 





Headquarters of the Northeastern Forest Experiment Station is in Radnor, Pennsylvania. 
Field laboratories are maintained at: 

Amherst, Massachusetts, in cooperation with the University of Massachusetts 

Burlington, Vermont, in cooperation with the University of Vermont 

Delaware, Ohio 

Durham, New Hampshire, in cooperation with the University of New Hampshire 

Hamden, Connecticut, in cooperation with the Yale University 

Morgantown, West Virginia, in cooperation with West Virginia University 

Orono, Maine, in cooperation with the University of Maine 

Parsons, West Virginia 

Princetown, West Virginia 

Syracuse, New York, in cooperation with the State University of New York, College of 
Environmental Sciences and Forestry at Syracuse University 

University Park, Pennsylvania, in cooperation with The Pennsylvania State University 

Warren, Pennsylvania 
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