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Project Overview
The Township of Berkeley Heights is a small community of comfortable homes, tree lined
streets, and excellent school systems in Union County, New Jersey. Berkeley Heights was
named as one of the top 100 best places to live in the United States by CNN/Money Magazine
in its July 2007 edition and also ranked 59th as “Best Place to Live” in New Jersey Monthly
magazine in 2008 and 19th in 2010.
Berkeley Heights and its 11 neighboring townships (towns) (Table 1a) recognize that a critical
element related to healthy living and a clean environment lies in the Green Infrastructure of the
community. In order to preserve and maintain the family-friendly heritage of these townships,
it is absolutely essential to address their natural systems and how they are interacting with
human influences.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Chatham Borough
Chatham
Livingston
Long Hill
Millburn
Mountainside Borough
New Providence Borough
Scotch Plains
Summit
Warren
Watchung Borough

Table 1a. List of 11 towns.

The Global Ecosystem Center (GEC) specializes in the analysis of “Natural Systems.” We are
ecologists, remote sensing specialists, GIS experts, and hydrologists. Our clients are local,
regional, national, and global organizations including government and business organizations.
GEC assesses the health and benefits of urban ecosystems through a process called Urban
Ecosystem Analysis (UEA). The Township of Berkeley Heights commissioned GEC to conduct an
Urban Ecosystem Analysis with 3 project objectives: 1) Benchmark Berkeley Heights’ current
canopy cover and their associated ecosystem and economic benefits by land use category; 2)
analyze the change and trends between the years 1984 to 2010 to determine where all 12
townships are heading; and 3) model scenarios to calculate the environmental offsets when
changing certain land covers. The data, findings, and tools included in this study can be used by
planners, foresters, and elected officials to determine the best design and management of their
green infrastructure.
The Global Ecosystem Center conducted a thorough ecosystem analysis of the Township of
Berkeley Heights and 11 contiguous towns around Berkeley Heights using a remote sensing
methodology called image classification. GEC chose the following land cover classification
categories.
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Class Name
Open Space
Trees
Impervious Surfaces
Water
Bare
Impervious Undercover

Description
Grass, maintain and mowed spaces, lawns, golf courses, etc
Trees with canopy coverage
Urban, roads, buildings, pavements, parking lots, etc
Water body, pond, lake, rivers, reservoir, etc
Non vegetative exposed land, quarry, new construction site, etc
Impervious surface beneath trees coverage

Table 1b. Land cover classification categories

Two sets of data were used to conduct this analysis – 1) high-resolution (1 ft pixel) analysis for
the Township of Berkeley Heights to conduct Urban Ecosystem Analysis and 2) mediumresolution (30 m pixel) Landsat-based land cover classification adopted by the National Oceanic
and Atmospheric Administration (NOAA) and the United States Geological Survey (USGS) to
conduct change and trend analysis.
A high-resolution land cover classification map was generated from the 2008 National
Agricultural Imagery Program (NAIP) imagery1 for the Township of Berkeley Heights to
determine current land cover for the Township of Berkeley Heights’ overall and stratified by
land use categories including: County Parks; Commercial, Industrial, and Multi-Housing; Office
and Research; and Residential (Map 1).
Land covers derived from Landsat 5, 30 m, medium-resolution were produced to conduct a
change and trend analysis between the years 1984, 1996, 2001, 2006, and 2010 for the entire
12 townships. This analysis determines the trends and patterns of changes within the land use
categories. The data, findings, and tools included in this analysis will be used by planners,
foresters, and elected officials to determine the future growth of these townships.
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Map 1. Land use categories of Berkeley Heights.
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Major Findings Summary
Understanding and identifying the natural system is the first step in conducting environmental
assessments. GEC acknowledges that 12 townships, including Berkeley Heights, are parts of
three sub-water basins of the Lower Hudson water basin – 1) Hackensack-Passaic, 2) Raritan,
and 3) Sandy Hook-Staten Island water basins. Major rivers and streams include the Passaic
River and Green Brook River. Berkeley Heights is partially located on the crest of Watchung
Mountain and the Passaic river valley.
High-Resolution Analytical Findings
High-resolution 2008 NAIP data analyses were done on the Township of Berkeley Heights;
County Parks; Commercial, Industrial, and Multi-Housing; Office and Research; and Residential
that includes local parks and schools. Overall Berkeley Heights had a robust tree canopy in
2008, higher than many US urban cities east of the Mississippi. Tree canopy cover was
estimated at around 57% of total land cover; while Impervious Surfaces were estimated at 26%
(including trees with impervious understory) of the total land cover. Canopy cover was highest,
a healthy 78%, in County Park areas, 20% in the Commercial, Industrial, and Multi-housing
areas, 39% in the Office and Research, and 59% in the Residential zone.
Major findings in Berkeley Heights (high-resolution classification) include:
 Of Berkeley Heights’ 4,001 acres of total land cover, the township had 2,264 acres
(56.6%) of tree canopy. This includes 232 acres (5.8%) that had impervious paving
underneath the canopy, which prevents stormwater infiltration. The township had 881
acres (22%) open space with grass and scattered trees, 830 acres (20.8%) impervious
surface, 15 acres (0.4%) bare soil, and 11 acres (0.3%) of water (Table 2).
Table 2. Land Cover Values by Land Use Category
Landuse

Tree Canopy

Township of Berkeley
Heights

Total
Land
Acres

Total
Canopy
Acres

%

Impervious

Impervious
Understory
Acres

%

Acres

%

Open Space

Acres

%

Bare

Acres

Water

%

Acres

%

4,001

2,032

50.8%

232

5.8%

830

20.8%

881

22.0%

15

0.4%

11

0.3%

County Parks
Commercial, Industrial,
and Multi Housing

518

396

76.4%

7.5

1.4%

34

6.6%

70

13.6%

1.5

0.3%

9.1

1.7%

257

44

17.0%

8

3.2%

157

61.2%

48

18.6%

0

0.0%

0

0.0%

Office and Research

434

148

34.2%

21

4.8%

158

36.4%

94

21.6%

13

2.9%

0.50

0.1%

2,793

1,444

51.7%

196

7.0%

482

17.3%

670

24%

0

0.0%

0

0.0%

Residential



As of 2008, Berkeley Heights’ 56.6% tree canopy cover provided 14.3 million cubic feet
of stormwater detention services, valued at $28.6 million, removed 252,221 pounds of
air pollutants at a value of $699,707, stored 97,405 tons of carbon in trees’ biomass, and
sequestered 758 tons of carbon annually (Table 3).
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Table 3. Ecosystem Services By Land Use
2008 Tree
Canopy**
%

Air
Pollution
Removal
lbs/yr

Air
Pollution
Removal
Value
$

Carbon
Stored
tons

Carbon
Sequestered
tons

Stormwater

Value*
cu. Ft

Stormwater
Value @ $ 2
per cu.ft
$

2,264

56.60%

252,221

$699,707

97,405

758

14,315,729

$28,631,457

518

403

78%

44,921

$124,618

17,348

135

2,758,669

$5,517,337

257

52

20.30%

5,794

$16,074

2,238

17

418,153

$836,306

434

169

39.00%

18,831

$52,240

7,272

57

1,041,318

$2,082,637

2793

1640

58.70%

182,687

$506,806

70,551

549

9,980,484

$19,960,968

Total
Area
acres

2008
Tree
Canopy
acres

4,001

County Parks
Commercial, Industrial, and Multi
Housing
Office and Research

Township of Berkeley Heights

Residential

* Stormwater analysis uses a 2yr, 24 hour storm event. The value of managing stormwater is based on default construction costs of $2.00 per cubic foot (source: TR-50 model)
** Tree Canopy % includes Total Canopy and Impervious Understory



While Berkeley Heights Township had robust tree canopy as a whole, it lacked coverage
around urbanized areas such as, commercial, industrial, and multi housing (20%).

Medium-Resolution - Change and Trend Analysis Findings
After conducting change analysis between the years 1984 – 1996, 1996 – 2001, 2001 – 2006,
and 2006 – 2010, results reveal that Berkeley Heights and its neighboring towns have been
changing slowly over these years. Patterns of these changes show that these towns’ natural
assets are undergoing slow but certain decline.
Major findings in the trend analysis of the 12 townships include:
 Berkeley Heights and its 11 neighboring townships have fairly stable development and
natural resources. While the overall changes are small, trends show declining natural
infrastructures. From the years 1984 to 2010, 12 townships have lost 1.83% of tree
coverage and 5.81% water body, and added 5.42% impervious surfaces (Table 4).
 The reduction in water is mostly due to decreasing size of existing water bodies.
Between 1996 and 2001, water decreased and bare ground increased. Between 2001
and 2006, water bodies continued to decrease and it appears the biggest increase was
impervious surface.
Table 4. Change and Trend Analysis By Land Cover
Class Name
1984
1996

Grass
Trees
Impervious Surfaces
Water
Bare

2001

2006

2010

Acres
Acres
Acres
Acres
Acres
7,941.95 7,786.05 7,895.24 7,898.80 7,903.47
41,240.04 40,926.68 40,638.24 40,593.54 40,486.34
16,077.82 16,537.96 16,641.37 16,831.08 16,949.39
520.40
535.30
509.28
484.82
490.16
313.13
307.35
409.21
285.11
263.98

Table 4. Negative (-) numbers refers to decline in land cover class while positive refers to growth in land cover class.

% change
1984 2010
-0.48%
-1.83%
5.42%
-5.81%
-15.70%
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Chart 1. Chart showing the trend of each land cover categories from 1984 to 2010.

Tree Canopy and Other Land Cover Ecosystem Benefits by Land Use
The Global Ecosystem Center (GEC) acquired the high-resolution (1 ft) 2008 National Agriculture
Imagery Program (NAIP) aerial imagery dataset to provide a current snapshot of Berkeley
Heights Township’s land cover at a scale suitable to be further analyzed by local communities.
A pixel-based land cover in 6 categories (Table 1b) – Open Space, Trees, Trees with Impervious
Understory, Impervious Surface, Water, and Bare, were identified using Feature Analyst
software.
Feature Analyst is an automated feature extraction extension that enables GIS analysts to
rapidly and accurately collect feature data from high-resolution satellite and aerial imagery.
An Urban Ecosystem Analysis was conducted on Berkeley Heights for each land use category on
high-resolution land cover classification2. Table 2 and 3 detail the acreage and percent land
cover in relation to the total land area of the town. Berkeley Heights’ urban forest contributes
8

to its multiple ecosystem benefits (Table 3). Berkeley Heights enjoys a robust tree canopy that
provides important ecosystem benefits that translate into additional economic value.
Stormwater Ecosystem Services
Natural vegetative buffers along the streams and water quality directly correlate. The greater
the tree canopy and other green infrastructure, the less stormwater runs off the land and the
fewer pollutants enter the streams. This decreases the cost of providing clean water and health
care in the long term. In addition, shade from tree canopy aids in maintaining thermal water
quality standards.
Trees reduce the volume of stormwater runoff by capturing rain on their leaves and branches,
which then evaporates back into the atmosphere. Other water is absorbed by the tree roots or
infiltrates into the soil rather than running off the land. As a result less runoff must be managed
by manmade infrastructure. In 2008, Berkeley Heights had 56.6% tree canopy, which managed
14.3 million cubic feet of stormwater, valued at $28.6 million using a $2 per cubic foot value for
the stormwater facilities. If all the canopy covers were removed, and it was desired to prevent
an increase in runoff, Berkeley Heights would need to build a facility that could store 14.3
million cubic feet of stormwater. Since flooding problems are frequent in the township, such
runoff mitigation would be desirable. The runoff reduction by the existing canopy is
undoubtedly reducing the cost of flood damage – a number that is hard to estimate but is
undoubtedly large.
Water Quality Ecosystem Services
In addition to absorbing water, tree roots also absorb water-borne pollutants. The impact of
the following nine contaminants can be estimated from the stormwater runoff changes
provided by the tree canopy: biological oxygen demand, cadmium, chromium, chemical oxygen
demand, lead, nitrogen, phosphorus, suspended solids, and zinc. Water pollution, as measured
in percent change in pollutant loading, would worsen by between 18% for zinc and 95% for
chemical oxygen demand if trees were removed from the land (Graph 1).
Graph 1. Township of Berkeley Heights Water Pollutants as Measured In Percent Change in Pollutant
Loadings3
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Air Quality Ecosystem Services
The air quality ecosystem services that trees provide are advantageous for Berkeley Heights.
Tree canopy cools the air by evaporating water and by providing shade for buildings and
pavement. This lowers the ambient temperature in urban areas (known as urban heat islands),
reducing ground level ozone production and related smog conditions.4 While trees also emit
hydrocarbons that in theory can contribute to smog ozone, research shows that because of
trees’ cooling effects, they provide a net benefit in reducing air pollution. Table 5 shows the
detail of air pollution removal by trees in Berkeley Heights.
Table 5. Air Pollutant Removal Provided by Berkeley Heights’ Urban Forest
Air Pollutant
Carbon Monoxide

Lbs. Removed/yr.

Dollar Value/yr.

6,035

$2,971

Ozone

72,640

$256,640

Nitrogen Dioxide

54,480

$192,480

Particulate Matter

96,853

$228,461

Sulfur Dioxide

22,195

$19,155

252,221

$699,707

Total

The ecological value of air quality ecosystem services is based on the UFORE model developed
by the U.S. Forest Service5. The dollar value is calculated based on externality costs to society
(such as public health-related respiratory costs) due to the additional air pollution. Externality
values are established by State Public Service Commissions.
Carbon Storage and Sequestration Benefits
Trees have a direct impact on the carbon footprint – the amount of atmospheric carbon a
community produces that contributes to climate change. Trees provide a carbon sink by storing
and sequestering atmospheric carbon in their wood. For every metric ton of dry wood (carbon),
it stores 3.667 metric ton of carbon dioxide (CO2).9 Both the total storage and the rate at which
carbon is stored or sequestrated can be measured. Berkeley Heights’ tree canopy stores 97,405
tons of carbon and sequesters 758 additional tons of carbon annually.
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Carbon Credits
The value of carbon credits is difficult to pin down. As of March 11, 2011, carbon is trading at
$10.08 per ton on the Chicago Climate Exchange. 10 That valuation is set by volunteer choice of
entities desiring to reduce their carbon footprint and was as high as $27.50/ton in 2008. If and
when carbon reduction quotas are set, higher valuations would be expected. In Europe, where
carbon reduction targets do exist, the value of carbon credits on March 10, 2011 was €15.43
(Euros) per ton of carbon dioxide, which translates to $78 per ton of carbon. 11

Map 2. High-resolution land cover classification of Berkeley Heights.
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Modeling Ecosystem Benefits
Modeling demonstrates the benefits of changing land cover percentages for a given area. It
provides the ability to apply different land cover scenarios to predict the results for any future
changes in the landscape. We looked at a scenario where 40 acres of trees canopy are replaced
by a similar amount of impervious surface. This is just a 1% switch in land use for the study area
and is the kind of effect that could occur with an accumulation of seemingly small decisions. It is
relevant that our analysis of the 12 towns (Table 4) showed a 5.4% increase in impervious
surface over a 26 years period.
The stormwater runoff calculation is based on a 3.25 inches rainfall event in a 24 hour period.
Such a rainfall would be expected to occur once every 2 years in the Berkeley Heights’ region.
This rainfall event would deposit 47 million cubic feet of water and the existing canopy land use
would prevent 14.3 million cubic feet from running off. After the 1% switch from forest/tree
canopy to impervious surface, only 11.9 million cubic feet of runoff would be avoided. This
represents a runoff increase of 2.4 million cubic feet and would increase the investment cost of
detaining such runoff by $4.8 million. The equivalent annual investment amortization cost
would increase by $420,467. It is noteworthy that a 1% increase in impervious surface produces
a 5% increase in runoff.
This analysis does not include other environmental and economic benefits that would be lost
due to the reduced runoff prevention effect of the reduced trees canopy/increased impervious
surface. Local flooding, which is already a problem in town, would increase and cause
significant added cost. Soil erosion would also increase, as would the silt runoff into sewers and
streams.
Table 6. Land Cover Values by Land Use Category (side-by-side comparison)
Land Use
Tree Canopy

Existing Land Cover
Township of Berkeley Heights

Total
Land
Acres

Total
Canopy
Acres

4,001

2,017

Landuse (Scenario)

+ 1% Impervious
Township of Berkeley Heights

%

Impervious

Impervious
Understory
Acres

50.8%

232

%
5.8%

Tree Canopy
Total
Land
Acres

Total
Canopy
Acres

4,001

1,989

%
49.7%

Acres
830

%
20.8%

Impervious

Impervious
Understory
Acres
232

%
5.8%

Acres
872

%
21.8%

Open Space

Acres
881

%
22.0%

Open Space

Acres
880

%
22.0%

Bare

Acres
15

Water

%
0.4%

Bare

Acres
16

Acres
11

%
0.3%

Water

%
0.4%

Acres
12

Scenario Model1. 1% increase in Impervious Surfaces

12

%
0.3%

Table 7. Ecosystem Services by Land Use (side-by-side comparison)
Existing Land Cover

Township of Berkeley Heights

+ 1% Impervious

Total
Area

2008
Tree
Canopy

acres

acres

4,001

2,264

2008
Tree
Canopy

Air
Pollution
Removal

%

lbs/yr

56.6%

252,221

Air
Pollution
Removal
Value
$
$699,707

Carbon
Stored

Carbon
Sequestered

tons

tons

97,405

Stormwater
Runoff
Reduction*
cu. Ft

$

758

14.3 million

$ 28.6 million

Stormwater
Value
(Benefit) @ $2
per cu.ft
$

Total
Area

2008
Tree
Canopy

2008
Tree
Canopy

Air
Pollution
Removal

Air
Pollution
Removal
Value

Carbon
Stored

Carbon
Sequestered

Stormwater
Runoff
Reduction*

acres

acres

%

lbs/yr

$

tons

tons

cu. Ft

55.6%

247,453

Township of Berkeley Heights 4,001
2,221
Scenario Model 1. 1% increase in Impervious Surfaces

$686,480

95,563

Stormwater
Value
(Benefit) @ $2
per cu.ft

744

11.9 million

$23.8 million

* Stormwater analysis uses a 2yr, 24 hour storm event. The value of managing stormwater is based on default construction costs of $2.00 per cubic foot (source: TR-50 model)

Change and Trend Analysis
To conduct change and trend analysis for the 12 towns, GEC acquired medium resolution (30 m)
Landsat 5 imageries for the years 1984, 1996, 2001, 2006, and 2010. These imageries were
clipped (cropped) to the 12 townships’ boundary. Using some of the available land cover
classification from National Oceanic Atmospheric Administration’s (NOAA) Coastal Change
Analysis Program (CCAP) data, GEC ran image classification using a regression tree method
called Classification and Regression Tree (CART). This semi-automated process produced land
cover categories with the same six classes as in high-resolution classification of Berkeley
Heights (Map 2). Changes were then separated from the non-change categories (Map 3).
The CART approach to land cover classification is used extensively by the remote sensing
industry and by federal agencies such as the USGS and NOAA in order to create a product using
a process that is as repeatable and objective as possible. The benefit of this process is that it
relies less on interpretive skills and manual editing and is considered an efficient, robust
method to classify large quantities of information in documentable form.
Land Cover Classification
GEC conducted land cover classification using NOAA’s CCAP product. CCAP’s 23-class land cover
data were reclassified to 6 categories (Table 1b). These reclassified land covers are then used as
training points in CART to produce new land covers. Preliminary land covers from CART were
then checked for classification errors. Manual hand edits were performed at the final phase of
classifications. Quality assurance and quality control (QA/QC) were performed to achieve the
highest level of accuracy. Land covers for each time period were documented in the table
(spreadsheet) to analyze the trend (Table 4 and Chart 1). Each of the changes between the
years 1984 – 1996, 1996 – 2001, 2001 – 2006, and 2006 – 2010 are included in the delivery data
package. Changes between the year 1984 and 2010 are vividly shown in bright red in Map 3.
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Map 3. Land cover changes between 1984 – 2010. Red pixels are changes.
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About the Urban Ecosystem Analysis
The Center has been in operation for 28 years and was previously known as the Urban
Ecosystem Center. Prior to becoming the Global Ecosystem Center, it was an operating unit at
the non-profit organization American Forests. The staff, philosophy, and system analysis
methodology have not changed.
GEC’s Urban Ecosystem Analysis is based on the assessment of “ecological structures” – unique
combinations of land cover and land use patterns. Each combination performs ecological
functions differently and is therefore assigned a different value. For example, a site with heavy
tree canopy provides more stormwater reduction benefits than one with lighter tree canopy
and more impervious surface.
Data Used
GEC acquired National Agriculture Imagery Program (NAIP) 1-foot pixel resolution, 4-band,
multi-spectral aerial imagery of 2008 for high-resolution land cover analysis for Berkeley
Heights. Landsat 5, medium-resolution (30 m), satellite imageries were acquired for the trend
analysis for 12 towns (including Berkeley Heights) between the years 1984, 1996, 2001, 2006,
and 2010.
GEC conducted a knowledge-based (automated and semi-automated methodologies)
classification of the remotely sensed data (aerial and satellite imageries) to divide the land
cover into six land cover categories: Grass, Trees, Impervious Surfaces, Water, and Bare.
Analytical Formulas
Urban Ecosystem Analyses (high-resolution Berkeley Heights) were conducted using CITYgreen
software. CITYgreen for ArcGIS used the raster data land cover classification from the highresolution imagery for the analysis.7 The following formulas are incorporated into CITYgreen
software.
Carbon Storage and Sequestration
Estimating urban carbon storage and sequestration requires the study area (in acres), the
percentage of crown cover, and the tree diameter distribution. Multipliers are assigned to three
predominant tree diameter distribution types:
Distribution Types
Carbon Storage Multipliers
Type 1 (Young population)
0.3226
Type 2 (Moderate age population, 10-20 years old)
0.4423
Type 3 (Even distribution of all classes)
0.5393
Average (Average distribution)
0.4303
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Distribution Types
Type 1 (Young population)
Type 2 (Moderate age population, 10-20 years old)
Type 3 (Even distribution of all classes)
Average (Average distribution)

Carbon Sequestration Multipliers
0.00727
0.00077
0.00153
0.00335

CITYgreen uses these multipliers to estimate carbon storage capacity and carbon sequestration
rates. 8
Carbon Storage* Capacity = Study area (acres) x Percent tree cover x Carbon Storage Multiplier
Carbon Sequestration* Annual Rate = Study area (acres) x Percent tree cover x Carbon Sequestration Multiplier
*Slight variation in result can occur due to rounding of variable in CITYgreen.

TR-55 for Stormwater Runoff: The stormwater runoff calculations incorporate volume of
runoff formulas from the Urban Hydrology of small Watersheds model (TR-55)
http://www.hydrocad.net/tr-55.htm developed by the U.S. Natural Resources Conservation
Service (NRCS), formerly known as the U. S. Soil Conservation Service. Don Woodward, P. E., a
hydrologic engineer with NRCS, customized the formulas to determine the benefits of trees and
other urban vegetation with respect to stormwater management. For greater accuracy, a
stormwater analysis was conducted for each Planning District and then values were added
together to provide stormwater runoff for the cities across the United States.
L-THIA for Water Quality: Using values from the U. S. Environmental Protection Agency (EPA)
and Purdue University’s Long-Term Hydrological Impact Assessment (L-THIA)
http://engineering.purdue.edu/mapserve/LTHIA7/ spreadsheet water quality model, NRCS
developed the CITYgreen water quality model. This model estimates the change in the
concentration of the pollutants in runoff during a typical storm event given the change in the
land cover from existing trees to a no tree condition. This model estimates the event’s mean
concentrations of Nitrogen, Phosphorus, Suspended Solids, Zinc, Lead, Cadmium, Chromium,
Chemical Oxygen Demand (COD), and Biological Oxygen Demand (BOD). Pollutant values are
shown as a percentage of change.
UFORE Model for Air Pollution: CITYgreen uses formulas from a model developed by David
Nowak, PhD, of the USDA Forest Service. The model estimates how many pounds of ozone,
sulfur dioxide, nitrogen dioxide, and carbon monoxide, are deposited in tree canopies as well as
the amount of carbon sequestered. The urban forest effects (UFORE) model is based on data
collected in 55 U. S. cities. Dollar values for air pollutants are based on averaging the externality
costs set by the State Public Service Commission in each state. Externality costs are the indirect
costs to society, such as rising health care expenditures as a result of air pollutants’ detrimental
effects on human health.
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Foot notes
1.

GEC acquired National Agriculture Imagery Program (NAIP) 1-foot pixel resolution data taken from, 4band, multi-spectral aerial imagery collected in 2008
2. Note that findings from NAIP imagery (high-resolution) cannot be compared to the findings from other
lower resolution (including medium-resolution 30m Landsat) data because the imagery is at different
resolution and very large differences will result from the variance in the level of detail.
3. Percent change in pollutant loading is measured using existing tree canopy cover compared to no tree
canopy
4. Urban smog control: A new role for trees?
http://findarticles.com/p/articles/mi_m1200/is_n1_v138/ai_9177813/?tag=content;col1
5. Urban Forest Effects Model (UFORE) http://www.ufore.org/about/01-00.html
6. Total tree canopy (acres) includes Impervious Undercover.
7. CITYgreen for ArcGIS: American Forests http://americanforests.org/productsandpubs/citygreen/
8. Dr. David Nowak and Dr. Greg McPherson. USDA Forest Service (Northeastern Forest Experiment Station,
Syracuse, New York)
9. United States Environmental Protection Agency (EPA) – Climate change
http://www.epa.gov/climatechange/wycd/waste/downloads/forest-carbon-storage10-28-10.pdf
10. Chicago Climate Exchange – Emission Products http://www.chicagoclimatex.com/
11. European Energy Exchange http://www.eex.com/en
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